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CYYACHI HAITPAMHU PO3BUTKY TA OCOBJIMBOCTI
APXITEKTYPU KOMIT'IOTEPIB

Y emammi posensimymo cyuacni nanpsimu pozgumky ma ocobaugocmi apximexkmypu komn romepie. [ane 00cniodncenHs
npucesiuene ananizy NUMaHb Wooo OpeaHizayii ma QyHKYIOHY8AHHS CYHACHUX KOMR'TOmepie ma ix 0CHOGHUX CKIAO08UX UACTHUH.
Posensnymi ocHo6Hi KOMNOHeHmMU ma NpoaHANi308aHi CKAA008I CMPYKMYpu i (QYHKYIOHYBAHHA CYYACHUX KOMN'tomepie ¢how-
Hetimaniecvkoeo muny. [lpoananizoeana cmpykmypa nam'ami komn'romepa, ma euguena opeauizayisma npoyeoypa 63aEmooii Misxe
i pigHAMU, 30Kpema pO32TAHYMO 0COOIUBOCMI CeeMeHmHOI opeaHizayii nam'ami ma npobiemu i winaAxu iX iupiwenus uwooo
3abe3neyennsa 3axucmy. OOSpyHMOBAHO 20106HI NPUHYUNU Op2aHi3ayii wWuH Komn'tomepa, onepayiliHux npucmpois ma iHwux
cucmem Qynxyionysanus. JJociodnceno nposioni meHOeHyii 8 apXimekmypi CyuachHux npoyecopie, 8CMAaHo6/1eHO RPUHYURY N00Y 008U
i apximexmypHi 0cobIU80CMI NAPANETLHUX KOMI TOMEPHUX CUCTEM, 3aNPONOHOBAHO HOBL NIOX00U U000 BUBYEHHS APXIMEKmypu
Komn'tomepig i ocobaueocmi ix nobyoosu. 3anponoHo6aHo ma 600CKOHAIEHO ROHAMIUHUL anapam wooo HelpoKoMn tomepie ma
susHaueHo ix apximexmypui ocobaueocmi. O6epyHmMOBAHO, WO CYYACHI KOMN'IOMEPHI apXimexkmypu 6a3yiomovcs HA NPUHYUNAX
apximexmypu ¢pon Heiimana, wo 0036paie 6CmaHo8Umu ChniibHe 30epicauHi KOMAHO i OAHUX 8 OOHOMY aO0pPecHOMY NpPOCMOpi
nam'ami. Ilpoananizo8ano usHauHi CMPYKMYPHI KOMHOHEHMU ONCHIOHNCYEHOI cucmemu, Wo HeoOXiOHUMU 01 eheKmugHo2o
DYHKYIOHY8AHHA ™A BUKOHAHHA NOCMABLEHUX 3a80anb. [locniodiceHo 0cobausocmi (YHKYIOHY8AHHA KOMNOHEHMI8 CYYaCHOT
apximexmypu ma 6UHa4eHo 207106Hi gumozau 00 Hei. OOepyHMO8AHO HeOOXIOHICIb A OOYITLHICIb BUMO2, BUSHAYEHUX CNeyuikoio
QDYHKYIOHY8AHHA  IHPOPMAYIUHUX —CcucmeM, w0 3a0e3neuylomsv SUCOKY WGUOKICMb, HAOIUHICMb MA  YHIGEPCAbHICMb
sukopucmanis. Obepynmosano umocu 00 pobomu 6UCOKONPOOYKIMUGHUX MEXHIYHUX 3aC00i6, WO pO32NA0aIOmbCs 3a KpUmMepiem
8IONOBIOHOCI NPOOYKMUSHOCII MA SUMPAM PeCypPCi8 MONCHA 86ANCaAmMU Memo0 iX O0CHIONCEHHsE MA PO3POOKU HOBUX JIO2IUHUX
cucmem opeawizayii OisLIbHOCMI MAa NPOOYKMUGHOCME, @ MAKONC YOOCKOHANEHHS. ICHYIOYUX NPUHYUNIE Op2aHiz3ayil MAWUHHUX
obuuciens. Bcmanosnerno, wo Hatlbinb dicgum cnocobom niosunjeHHs QYHKYIOHYBAHH, PO32NA0AIOYU Y0 NPOOIeMy uepe3 NPusmy
3a3HaAYeHUx ocobaugocmell, € napaneivbHa oopodKa Oitl, 0NOCcepPedKo8arHa 0OHOYACHUM BUKOHAHHAM NPOSPamM OOHOYACHO abo ix
KOMNOHEHmMI8, Wo CKIa0aoms, npoyeoyp, NiOnpozpam, Ha He3ANeHCHUX NPUCmposx. YOOCKOHANeHO cmpyKmypy MOOYIApHO20
HaHoKoMR'tomepa, wo 3abe3neuye SUKOHAHHA 3A0AHUX onepayill, peanizye pad nepesaz bazamozadaynocmi. [loeedeHo wnsaxu
NnocuneHts QYHKYIOHANLHUX MOJNCIUBOCMEll HAHOKOMN'Iomepa, npusHauenoeo Onsi noOaHHs ma 0OpoOKu sK OIiCHUX, max i
KOMMIEKCHUX 6XIOHUX OAHUX, A MAKONC NPU 06pobyil iX y Kinbyi Yinux uuces, U3HAYAIOMbCsl HEUPOMEPENCESUMU ATICOPUMMAMU.
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CURRENT DIRECTIONS OF DEVELOPMENT AND FEATURES OF COMPUTER ARCHITECTURE

The article considers modern directions of development and features of the architecture of neurocomputers. This study is devoted to the
analysis of issues related to the organization and functioning of modern computers and their main components. The main components are considered
and the components of the structure and functioning of modern computers of the von Neumann type are analyzed. The structure of computer memory
is analyzed, and the organization and procedure of interaction between its levels are studied, in particular, the features of segmental organization of
memory and problems and ways to solve them regarding ensuring protection are considered. The main principles of organization of computer buses,
operating devices and other functioning systems are substantiated. The leading trends in the architecture of modern processors have been
investigated, the principles of construction and architectural features of parallel computer systems have been established, new approaches to the
study of computer architecture and the features of their construction have been proposed. The conceptual apparatus for neurocomputers has been
proposed and improved, and their architectural features have been determined. It is substantiated that modern computer architectures are based on
the principles of the von Neumann architecture, which allows for the joint storage of commands and data in a single address space of memory. The
significant structural components of the research system, which are necessary for the effective functioning and fulfillment of the tasks, are analyzed.
The peculiarities of the functioning of components of modern architecture are investigated and the main requirements for it are determined. The
necessity and feasibility of the requirements determined by the specifics of the functioning of information systems, which ensure high speed, reliability
and universality of use, are substantiated. The requirements for the operation of high-performance technical means, considered according to the
criterion of compliance with productivity and resource consumption, can be considered a method of their research and development of new logical
systems for organizing activities and productivity, as well as improving existing principles of organizing computer calculations. It has been
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established that the most effective way to improve functioning, considering this problem through the prism of the above-mentioned features, is parallel
processing of actions, mediated by the simultaneous execution of programs or their constituent components, procedures, subroutines, on independent
devices. The structure of a modular nanocomputer has been improved, ensuring the execution of specified operations and realizing a number of
advantages of multitasking. The ways of enhancing the functional capabilities of a nanocomputer designed to represent and process both real and
complex input data, as well as when processing them in a ring of integers, are determined by neural network algorithms.
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Introduction

For a long time, computer technology followed the path of massive parallelism, which is asSFCiated with the
creation of multiprocessor computing systems, which are characterized by an increase in processing speed by combining
several processors built according to the von Neumann architecture adopted as a model. Attention was also paid to the
method of transitioning to a neural network logical basis, which provided for effective parallel processing at the
algorithmic level and an increase in the level of process organization from an algorithmic point of view. Considering
that neurocomputers are constantly in the field of view of modern scientists in various fields of science and technology,
it can be argued that their relevance, namely their application, does not raise questions in the scientific community.
Computers are usually classified according to various criteria, marked by their performance, portability, purpose, and
other features. Our attention was focused on certain subgroups of them, namely neurocomputers and nanocomputers.
Nanoelectronics aims to revolutionize modern information technology, where lithography using special chips can be
argued. The challenge is to create small-sized equipment without losing functionality.

Analysis of recent research and publications

Research into current issues requires an analysis of the components of a set of recommendations for optimizing
the design, development, and implementation of computer architecture components, based on future forecasts of their
use. The large number of publications by scientists on the methodology of the chosen environment cannot be fully
covered due to the relative novelty of the issues of analyzing the development of nanocomputer architectures. Yingjie
W., Paul P., Jennings A. examine the methodology and main stages of Nanocomputer development and changes in their
Architecture [1,2]. Doug G. consider the evolution of nanotechnologies and the specifics of their architecture [3].
Tyshchenko D., Franchuk T., Stepashkina K., Karpunin I., Desiatko A. examine general aspects of computer
architecture [4,5]. Michael S., Montemerlo J., Christopher J., Opiteck D., Goldhaber G. analyze technologies and
designs for electronic nanocomputers [6]. In the article Tyshchenko D., Franchuk T., Zakharov R., Moskalenko V., the
support of dynamic security needs using VPN tools is investigated [7]. The work of Kapiton A., Franchuk T.,
Tyshchenko D., Desyatko A., Zakharov R. is devoted to the analysis of requirements for modern processors for the
secure operation of information systems and networks [8]. Durbeck L., Nicholas M. study the main aspects of the
honeycomb matrix: architecture for nanocomputing [9]. Beckett B., Jennings A. analyze the current state and prospects
for the development and modification of nanocomputer architecture [10]. Kolesnytskyi O. will explore the basic
principles of building the architecture of spike neurocomputers[11]. Vovk B. issues of organization and functioning of
modern computers and their main components[12]. Scientific institutions in our country and leading countries of the
world conduct research that includes methods of non-iterative training of neural networks[13]. The main advantages of
modern nanocomputers, computer architectures for nanotechnologies considered on the way to nanocomputing, as well
as the ranking of the best models of the past year are presented in numerous publications [14]. Analysis of processors
included in the rating of the best models in recent years according to various criteria and research into the problem of
choosing the optimal processor to meet the need for ensuring information security in the network, advice and
recommendations for their selection for the security of information systems and networks are presented in numerous
studies. Analysis of the development directions and features of the architecture of neurocomputers has allowed us to
identify those gaps in the field of study that need to be closed. A number of issues regarding the organization and
functioning of modern computers and their main components require further analysis. The studied main components
and components of the structure and functioning of modern von Neumann-type computers require a more thorough
analysis, and therefore there is no doubt about the relevance of a comprehensive study of this issue [14].

Main part
Modern computer architectures are based on the principles of the von Neumann architecture, which involves a
central processing unit, memory, and peripheral devices that interact with each other. The main requirements for modern
architecture include high processor (CPU) performance, speed and amount of random access memory (RAM), data
storage speed (SSD/HDD), graphics processing unit (GPU) power, as well as the availability of efficient interfaces and
ports for connecting various devices. Key components and requirements are presented in the figure 1.
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KEY COMPONENTS AND REQUIREMENTS

Central Processing Unit (CPU) Executes instructions and calculations.

Memory

Contains both programs and data that are

processed by the processor.

Input/Output Devices llow interaction with the user and the outside

world.

Data and Address Bus Provide communication and information

v

transfer between all components.

Fig. 1. Key components and requirements table

The key requirements for modern architecture are briefly presented in Figure 2. These requirements shape
modern computer systems that provide high speed, reliability, and versatility of use.

KEY REQUIREMENTS FOR MODERN ARCHITECTURE
High CPU performance :> Speed of task execution
BAM speed and capacity Important for program operation and multitasking
Storage speed (SSD/HDD) |:::>' Affacts system and program boot times
GPU power Required for graphics processimg, especially in
:D' visualization-intensrve applications.
Efficient interfaces and ports Allows you to connect various devices (e.g. USB,
— > HDMD)

Fig. 2. The key requirements for modern architecture’s table

It can be argued that the most effective way to improve functioning, considering this problem through the prism
of the above features, is parallel processing of actions, mediated by the simultaneous execution of programs or their
constituent components, procedures, subroutines, on independent devices. It can be argued that the most effective way
to improve functioning, considering this problem through the prism of the above features, is parallel processing of
actions, mediated by the simultaneous execution of programs or their constituent components, procedures, subroutines,
on independent devices. The basis of the active development of neurocomputers is the fundamental difference between
neural network algorithms for solving problems from single-processor, small-processor, and transcomputer algorithms.
The disadvantage of the predecessors is the low productivity due to the sequential nature of the organization of the
computing process. The presence of one processor determines the low efficiency of memory usage. Predecessors and
neurocomputers also differ in the principle of interaction between the structure of the machine and the task to be solved.
For single-processor machines, with their "rigid" structure, the developer has to adjust the algorithm for solving the
problem to the structure of the machine[1-3].

When using neurocomputers, the developer adjusts the structure of the machine to the problem being solved.
A neurocomputer (NC) is a computing system with a hardware and software architecture adequate to the execution of
algorithms presented in a neural network logic base. The main problems of NC creation are the development of super-
parallel neural network algorithms for formalizable problems and their parallelization in accordance with the
architecture of the switching system, as well as the development of new methods for solving informal problems. The
application of the system of final classes (SFC) provides independent and parallel processing of each digit of the number
identified with neurons, which determines the structure of the NC, the central processor of which is built on the basis
of neural networks of the finite ring (NNFR). Taking into account the low-digit number, a non-positional NC can be
completed in the form of a set of tables for the implementation of a number of basic modular operations. Coding in SFC
and the use of neural networks (NN) allows parallel computing algorithms at the level of elementary operations. The
following properties of residues are obvious from the algorithm for constructing the SFC code: independence, equality,
and sparseness. The NC functioning in the SFC, or the "modular NN" can be completed in the form of separate tracts
based on the number of bases, working independently in time, which can be designed as elementary pro-cessors,
implemented in the form of NNFR, that is, the structure of the non-positional NN has a modular neural organization for
information processing, transmission and storage. One of the approaches to the solution of the problem of increasing
the reliability of the NC operating in the SFC is based on the redistribution of its channels when part of the working or
control channels fail[5-8,11-13].

At the same time, under the reliability of the NC, it still has the property of maintaining operability in the event
of channel failures, possibly with a decrease in the permissible limits of some indicators of the quality of functioning.
A the core of a fault-tolerant NC is a central processor consisting of n-parallel elementary processors (EP), where n is
the number of SFC modules. Taking into account the modularity of the NN structure functioning in the SFC, the central
processor can be expanded by various groups of NN models. NN models are determined by neuron models and the
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structure of network connections. The central processor consists of a modular arithmetic device that performs modular
operations, a non-modular arithmetic device that performs non-modular procedures, and a control device. The arithmetic
device performs calculations and can be performed in the form of separate working in parallel. The need to perform
operations of a non-positional type, associated with actions on the whole number, requires the inclusion of a processor,
non-modular, consisting of a block of positional characteristics, which has a buffer memory, and a control block,
implemented on the basis of formable, general and combined NNs of complex input data, as well as when processing
them in a ring of wholes or villages, are determined by neural network algorithms of SFC arithmetic[9-10].

Some of them perform calculations, and some of them form an output signal in accordance with their topology
and the values of the coefficients of interneuron connections. Let's list the functions of the positional characteristics and
control blocks: determining the sign of a number, comparing numbers, dividing, rounding, determining overflow,
expanding the base system, determining the positional characteristics of a number, and detecting errors. The execution
of these functions is necessary to determine the arrangement of numbers in a numerical range. The block of positional
characteristics includes a scheme for converting numbers from SFC to the generalized positional numbering system
(PNS). To restore the number in SFC, a conversion scheme is used. Some positional characteristics, such as the sign of
the number or the number of the interval in which the number is located, use the values of the most significant digit of
the number represented in the PNS. This follows from the one-to-one correspondence between the numbers presented
in SFC and PNS. Therefore, the scheme for determining the sign of a number is included in the block of positional
characteristics. An error in the code combination and the determination of overflow of the bit grid of the processor is
also determined by the value of the highest bit. This function is performed by the error detection and correction scheme.
To expand the basic system, the basic expansion scheme is included in the composition. The functions of division, base
reduction, number rounding, and scaling are performed by the scheme of modular execution of non-modular operations.
To implement the operation of comparing numbers or determining the intervals in which they are located, knowledge
of all the digits of numbers represented in PNS is required. The functions of division, base reduction, number rounding,
and scaling are performed by the scheme of modular execution of non-modular operations. To implement the operation
of comparing numbers or determining the intervals in which they are located, knowledge of all the digits of numbers
represented in PNS is required. . This function is performed by the number comparison scheme included in the positional
characteristics block. The positional characteristic of the rank and the core of the number is determined by the scheme
for determining the rank of the number based on the values of the digits of the numbers presented in the SFC, and is
used to determine and correct errors, expand the base system, rounding, division, and a number of other operations.
With the help of the rank and kernel of a number, non-modular operations are relatively easily implemented. The rank
and kernel can be calculated using modular operations. The training and reconfiguration block provides training of
neural networks to solve a specific task and configures the processor when a part of the working or control channels
fails. A necessary element of a non-positional processor, as well as a positional one, is a processor memory device
consisting of a random access memory device and a non-volatile memory device; a non-volatile memory device is
intended for storing commands and data, a MOCTOSIHHOTO 3aIlOMHHAIOMIETO YCTPOHCTBO HYXXHO IS IIPOTpaMM
n3MeHeHus kodppuuueHToB connections between neurons and some numerical constants. The control device provides
storage of microprograms for all operations and organizes the operation of the entire processor by sending control
signals to the control units of the main devices. The control device indicated on the structural diagram is intended for
general synchronization of NC work, organization of the training process, and loading of weight coefficients into each
block. This control device is not directly related to the standard interface controller and has a specific set of commands.
For input and output of information, an input-output device consisting of input-output buffer memory and number
conversion blocks is included in the structure of the non-positional processor.

Today, humanity strives for optimization, comfort and simplification. These urges push us to review everything
that surrounds us, notice the shortcomings and bottlenecks and automate them, make them better. Such disadvantages
often include the inconvenient shape of the device or its size. Thus, it is necessary to reduce the size of the computer,
make its display thin and at the same time not lose its efficiency. The project to create nanocomputers is mostly not
focused on this segment and already involves the creation of government programs in Japan, the USA and the EU, as
well as in fifty other countries. Nanoelectronics will not only change the current information technologies, but also
create an opportunity to reduce the minimum allowable computer sizes to the subcellular level. Nanoscopic lithography,
which is essentially a descendant of the small-scale lithography used today for the production of computer chips, is
advanced in the technology of creating nanostructures. There are clear problems and great opportunities behind the
driver system of such computers. As for the computer as such, there is currently no nanoversion of the ego, because
creating a computer of such small sizes and at the same time not losing its functionality is an extremely difficult task. It
requires huge human efforts and huge material investment. However, albeit slowly, work on the design and creation of
this device is already actively underway. So far, only nanotransistors for a nanocomputer have been successfully
developed, but, without a doubt, this is a significant step for mankind towards the creation of the "computer of the
future".

Conclusions

The architecture of a nanocomputer is based on the use of nanotechnology to create devices at the molecular
or atomic level. Unlike traditional computers, nanocomputers work with nanoparticles and use nanotransistors as the
basis for nanoprocessors. The specific architecture of a nanocomputer can vary significantly depending on the field of
application and the materials used, but its key feature is the creation of computing elements and circuits using matter at
the nanolevel. Based on the statement that the architecture of a nanocomputer is based on the use of nanotechnology to
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create devices at the molecular or atomic level, it can be argued that unlike traditional computers, nanocomputers work
with nanoparticles and use nanotransistors as the basis for nanoprocessors. The specific architecture of a nanocomputer
can vary significantly depending on the field of application and the materials used, but its key feature is the creation of
computing elements and circuits using matter at the nanolevel. The structure of the modular NC not only ensures the
performance of the required operations, but also realizes the main advantage of the final class system — the parallelism
of the operations. All this makes it possible to realize completely parallel access to almost all nodes of the NC and
makes it possible to develop a NC, free from the shortcomings of the classical structure of the technical device. Thus, a
fault-tolerant structure of a high-performance NC based on the use of SFC is proposed. The combination of such
properties as the independence of arithmetic operations and massive parallelism of data processing allows the use of the
structure of modular neural networks for data processing. The functional possibilities of NC intended for presentation
and processing currently require further research.

References
1. Yingjie Ww. Nanocomputer & Architecture URL:
https://cs.wmich.edu/elise/courses/cs603n/Presentation/Pre_ Wei.pdf (mata 3Beprenns: 20 Bepechs 2025).
2. Paul Beckett P, Jennings A. Towards Nanocomputer Architecture URL:

https://www.researchgate.net/publication/2532638 Towards Nanocomputer Architecture (mata 3BepHenHs: 20
BepecHs 2025).

3. Doug G. The Evolution of Nano computer Architecture URL:
https://www.academia.edu/10871371/The_Evolution of Nano computer Architecture Ref Towards Nanocomputer
_ Architecture (mata 3BepaeHHs: 20 BepecHs 2025).

4. Tyshchenko D., Franchuk T., Stepashkina K., Karpunin, I. System design and development corporate
electronic document management European Scientific Journal of Economic and Financial Innovations. 2024. Ne 1(13).
pp. 200-207.

5. Franchuk T., Tyshchenko D., Desiatko A., Karpunin I. Features of accounting digitalization processes.
Galician economic journal, 2025, vol. 95, no 1, pp. 61-66.

6. Michael S., Montemerlo J., Christopher J., Opiteck D., Goldhaber-Gordon J. Technologies and Designs for
Electronic Nanocomputers URL: https://www.mitre.org/sites/default/files/pdf/96W0160.pdf (mara 3BepheHHs: 20
BepecHs 2025).

7. Tyshchenko D., Franchuk T., Zakharov R., Moskalenko V. Supporting dynamic security needswith VPN
tools. Control, Navigation and Communication Systems. 2024. No. 3, 2024. 3 (77). pp. 149-152.

8. Kapiton A., Franchuk T., Tyshchenko D., Desiatko A., R. Zakharov Requirements for modern processors
for secure operation of information systems and networks Control, Navigation and Communication Systems. 2025. No.
3,2025. 3 (77). pp. 111-117.

9. Durbeck L., Nicholas M. The Cell Matrix: an architecture for nanocomputing URL:
https://www.researchgate.net/publication (mara 3Bepuenus: 20 Bepects 2025).

10. Beckett B., Jennings A. Towards nanocomputer architecture URL: https://www.semanticscholar.org/paper
(marta 3BepuenHs: 20 BepecHs 2025).

11. Vovk B. Neurocomputer architecture URL: https://sites.google.com/view/vovkpetro (nata 3sepaenns: 20
BepecHs 2025).

12.Kolesnitsky ~ O.  Principles of building the architecture of spike neurocomputers
URL: http:/nbuv.gov.ua/UJRN/vvpi 2014 4 12 (mara 3BepueHHs: 20 BepecHs 2025).

13. Developments of the Institute of Neuroscience and Information Systems of the National Academy of
Sciences of Ukraine in the field of neurocomputers URL: http://www.immsp.kiev.ua/activity/neuro/index.html (gara
3BepHeHHs: 20 BepecHs 2025).

14. TOP 15 processors — Ranking of the best models of 2024 URL: https://brain.com.ua/ukr/brain_guide/TOP-
15-procesoriv--Reyting-naykraschih-modeley-2024-roku/?srsltid=AfmBOoqtP_wuuuSw23tX1wzcX-
E96A78278k6iBVvEiiSKWGqd2dc1R-W (nara 3Bepuenns: 20 tpaBus 2025).

234 Herald of Khmelnytskyi national university, Issue 6, Part 1, 2025 (359)


https://www.researchgate.net/profile/Paul-Beckett-2?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Andrew-Jennings-10?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/scientific-contributions/Lisa-J-K-Durbeck-8290689
https://www.semanticscholar.org/author/P.-Beckett/144224433
https://www.semanticscholar.org/author/A.-Jennings/2063991182
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?I21DBN=LINK&P21DBN=UJRN&Z21ID=&S21REF=10&S21CNR=20&S21STN=1&S21FMT=ASP_meta&C21COM=S&2_S21P03=FILA=&2_S21STR=vvpi_2014_4_12

