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FORMATION OF CLUSTERS ON SINGLE-BOARD COMPUTERS IN IOT NETWORKS

Abstract._The article looks at the problem of using single -board computers for Internet technology . An analysis of current
single-board computers in various countries was carried out. Single-board computers and clusters of single-board computers
have found their place in the concept of edge computing, allowing optimization of hard computing by placing computing
resources closer to the core. The idea of a “virtual cluster” lies in the unification and organization of disparate heterogeneous
devices for the development of various complex computing tasks from the available resources of the existing infrastructure
of edge computing, what is known in the area. First of all, we have secured the resources of single-board computers. Such a
cluster will also allow the use of resources from the existing infrastructure in a more efficient way, for example, by activating

additional services from processing and saving data.
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Introduction

Currently, all over the world, Internet of Things
technologies ( 10T , Internet of Things ) are increasingly
becoming an integral part of our daily life, for example:
smart home, smart city, agriculture, medicine, logistics,
etc. The huge amount of data generated by Internet of
Things devices requires further post-processing and
analysis, including the use of machine learning. To
process incoming information, “clouds” are used, where
data center facilities directly analyze them and make
decisions based on the results obtained. However, the
number of devices connected to the Internet is constantly
increasing, which leads to difficulties in processing data
in the “clouds” due to an increase in incoming data,
increased load on the network, increased delays in data
transfer between nodes, etc.

One solution to this issue is the development of
edge computing technologies, which allow us to take on
part of the load and reduce the response time to an event.
To organize edge computing, single-board computers are
used, which have compact sizes and high energy
efficiency, but low performance, which does not allow
solving computationally complex problems using the
resources of a single device. One solution to this problem
is to create a local cluster consisting of computers with
limited computing resources.

Analysis of current single board computers
in various fields

Single board computer is a self-contained computer
assembled on a single printed circuit board on which all
the necessary components are installed to ensure its
functioning: processor, RAM, input-output systems, etc.

The first truly single-board computer appeared back
in 1976 and was called “MMD-1" (Mini-Micro Designer
1), but at the same time this format of computer execution
became truly widespread and accessible only in 2012
with the advent of Raspberry Pi [ 1 ]. This computer is
primarily aimed at the educational sphere and training in
computer use, programming, etc. With a low price and
sufficient performance to run a full-fledged Linux- based
operating system, it has gained popularity among many
enthusiasts and researchers from various fields. Thanks
to the success of Raspberry Pi and other manufacturers
began to offer their models of single-board computers
and currently there are more than 200 models of single-
board computers in the world. The most popular are
various Raspberry models Pi 3 and 3b+, RP Zero W and
2020 model Raspberry Pi 4, which has several variants
with 2 GB, 4 GB and 8 GB of RAM. Among other
manufacturers, it is worth noting Banana Pi M5,
RockPro64, Odroid N2. Comparative characteristics of
single-board computers are presented in Table 1.

Table 1 — Comparison of characteristics of single-board computers

RAM (GB) SoC GPU Ethernet Storage
Raspberry Pi 3b+ |1 LPDDR2 |ARM Cortex A53 VideoCore | 330 Mbit Ethernet, 2.4GHz and microSD
v 5GHz IEEE 802.11.b/g/n/ac cards
wireless LAN, Bluetooth 4.2, BLE
Raspberry Pi 4 2,4,8 4 x Cortex-A72 VideoCore |1000 Mbit/s Ethernet microSD
LPDDR4 VI 802.11b/g/b/ac WiFi 5 and cards
Bluetooth 5.0
RP Zero W 0.5 1 x ARM1176JZFS VideoCore |802.11 b/g/n wireless LAN, BLE | microSD
v 4.1 cards
RockPro64 4 LPDDR 4 |4 x ARM CortexA53 2x | MaliT860- |1000 Mbit/s Ethernet slot for
ARM Cortex A72 MP4 eMMC
module
Banana Pi M5 4GB Quad-Core Cortex-A55 | Mali-G31 1000 Mbit/s Ethernet microSD —
LPDDR4 GPU card + eMMC
Odroid N2 2,4 Quad-core Cortex-A 73 | Mali-G52 | 1000 Mbit/s Ethernet Optional microSD —
Dual -core Cortex-A53 | GPU WiFi USB adapters card +eMMC
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Many manufacturers of single-board computers
have taken the path of producing modular boards in the
SO-DIMM connection format; an example is the
Raspberry Pi3+ computing module, the distinctive
feature of which is data storage in the form of an eMMc
drive with 32GB of permanent memory, in contrast to the
younger model with a micro -SD card . This solution is
primarily designed for the industrial sector.

At the end of 2022 and the beginning of 2023,
boards in a new form factor of a modular solution began
to appear; an example of such a board is the Raspberry
single-board computer Pi Compute Module 4, like the
previous model, this module has only a connection
module to the main board, which was replaced from the
SO-DIMM version in favor of 100-pin Hirose DF40C-
100DS-0.4V mezzanine connectors, which made it
possible to increase the data exchange speed between the
boards and reduce the size the board itself.

Boards of this format are primarily intended for
developers and the industrial sector; they have found
their application in the field of the Internet of Things in
the field of edge computing, and the board is also suitable
for creating loT projects of varying complexity.

Existing solutions for cluster formation

Single-board computers are classified as devices
with  limited computing resources, since their
performance and physical resources of the device do not
allow solving computationally complex problems and to
solve this problem they are combined into clusters. Until

recently, cluster computing was too expensive and
complex for ordinary users, but the popularity of single-
board computers has led to the emergence of low-cost
clusters based on these devices.

Also, single-board computers and clusters of single-
board computers have found their application in the
concept of edge computing, allowing for the optimization
of cloud computing by placing computing resources as
close as possible to the source (network boundary), which
also increases the efficiency of processing information
from end devices [3]. The next step in the development of
this concept is considered to be the implementation of “
ultra-boundary computing” (Extreme edge), an example
would be ““ smart” technology dust " (“smart dust”) built
on the use of wireless self-organizing devices for the
purpose of processing and transmitting data in the system.

It is worth noting that since 2016, research has been
underway to develop various methods and tools for
organizing calculations and distributed data storage on
single-board computers in edge computing, but at the
moment there are no ready-made solutions in this area.
But attempts to organize distributed computing on
“available” computing systems have been made before.

Since 2012, single-board computers began to be
widely used in research activities, as well as in
developing their own projects and conducting
experiments. As noted earlier, since 2016, special
attention has been paid to research into the use of single-
board computers in edge computing. Let's look at some
cluster projects and their application in various fields.

Table 2 - Overview of the application area of single board computers

Application area Devices used

Performed tasks

For educational purposes | Raspberry Pi

1) performing computational tasks;
2) testing system performance in various frameworks,
including Hadoop

Raspberry PiB b .

Cluster Computing Training

Raspberry Pi

testing system performance in various tasks

Raspberry Pi

Evaluation of the use of single board computers for cyber
operations

Raspberry Pi 2

1) performing computational tasks.
2) about learning cluster computing

Raspberry Pi( link is external) 2
Model B

Performing Computational Tasks
Modeling and Forecasting

Raspberry Pi 3 b+ (1060 devices )

performing computational tasks;
demonstration of capabilities;
about learning cluster computing

Raspberry Pi 3 b+

Working with big data
Performance Analysis of a Hadoop Distributed System

Edge computing Raspberry Pi Cloud computing in the concept of edge computing
computing ) Raspberry Pi Using a cluster as a compute node for edge computing
Benchmarking Container Services Performance
Pi Stack Managing remote Beowulf- based single board computers
Raspberry Pi Odroid XU4 Distributed Stream Data Processing End Device
Lattepand 4G Management
Raspberry Pi Research on Cloud Computing on Single Board Computers
Stream processing
RockPro64 distributed deep neural network on a cluster of single-board
computers
Raspberry Pi Avrchitecture for clustered container applications

edge computing

The works presented in Table 2 show only some of
the developments being carried out in the direction of

research and application of single-board computers; their
importance in the future can hardly be overestimated.
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Despite their modest performance, single-board computers
have already found their way into many areas of industry,
with particular response in the area of the Internet of
Things and edge computing. However, all developments
and attempts to implement high-performance computing
on such a cluster are experimental in nature and there is no
ready-made solution at the moment.

Application of clusters on single-board
computers in Internet of Things networks

Clusters of single-board computers have proven their
effectiveness not only in the field of education and training
in working with cluster systems, but also their high
efficiency of use in industry for controlling various systems,
they have also found their application in robotics, in “smart
systems”, for example: parking lots, smart houses, street
lighting. Cluster systems based on single-board computers
are used to support web services and various servers, since
such a system is able to effectively scale and connect
additional nodes as the load on the system grows, thus
ensuring energy efficiency of the complex as a whole.
Moreover, if one of the nodes fails, the fault tolerance of the
system is guaranteed, and the low cost of a single-board
computer compared to a conventional system reduces
maintenance costs. The number of single-board computers
involved is constantly growing and in the future this growth
will only increase, while the available resources of single-
board computers or classic cluster systems are not always
fully used or are completely idle.

The idea of a “virtual cluster” is to combine and
organize disparate heterogeneous devices to solve
various complex computing problems using free
(available) resources of the existing infrastructure located
in the field of edge computing. First of all, designed to
use the resources of single-board computers. Such a
cluster will also make it possible to use the resources of
the existing infrastructure more efficiently, for example,
by deploying additional services for data processing and
storage.

Conclusions

1. The article discussed single-board computers and
their application in the field of the Internet of Things. A
review of current single-board computers and their use in
the development of clusters involved in the educational
sector, as well as in edge computing, was carried out,
including a possible approach to creating compact cluster
modular systems on a single backplane.

2. In this work, single-board computers refer to
computers with limited computing resources due to
hardware limitations imposed on them by the
manufacturer, the lack of ability to expand quality
characteristics (RAM, central processor, etc.), including
the overall computing performance is not allowing you
to solve computationally complex problems on par with
standard computers. However, when several devices are
combined into a cluster, it becomes possible to use their
resources to solve distributed tasks.
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@opmyBaHHS KJIacTepiB HA OTHONJIATHHX KOMI'I0Tepax y mepexkax loT
1. B. Paguenko, O. B. lllexoBios, A. A. KoBanenko, O. B. Cutauk

AHoTanisi. Y cTarTi po3risiHyTO MPOoOIeMy BUKOPHCTAHHS OJHOIUIATHUX KOMITTOTEPIB [UIsl TeXHOJIOTiT [HTepHeTy peueid.
ITpoBeeHo aHai3 Cy4acCHUX OJHOIUIATHUX KOMIT'IOTEPIB Y Pi3HHUX raiy3sx. OHOIIIaTHI KOMIT'IOTEPH Ta KJIAaCTEPH 3 OJIHOIUIATHUX
KOMIT'FOTEPIB 3HANIIUIM CBOE 3aCTOCYBaHH B KOHIIEIIIT IPAHMYHUX 00YHCIICHB, T03BOJISIOUN Peasli3yBaTH ONTUMI3AIli0 XMapHUX
O0YKCIICHb IUIIXOM PO3MIIIEHHS OGUHCIIOBAIIBHIX PECYpCiB sKOMOra ONK4e 110 JpKepena. [hest «BIpTyalbHOTO KiacTepay
MmoJIsira€ B 00'e/IHAHHI Ta OpraHi3allii po3pi3HEHNX TeTePOreHHUX MPUCTPOIB AJIs BUPIMICHHS PI3HUX CKIATHUX OOYMCIIOBATBHUX
3aBJaHb 3 BHKOPUCTAaHHSM BITBHHX (JHOCTYITHHUX) PECypCiB BXKeE ICHYIOYOI IH(QPACTPYKTYypH TPAaHUYHHUX OOYHCIICHb, IO
3HAXOJAThCS B MeXax JOCSHKHOCTI Hacamiiepen po3paxoBaHoi obmacti 3HaxomkeHHs natuukiB |0T. Takuii kimactep Takox
JI03BOJIUTH BUKOPUCTOBYBATH PECYPCH iCHY1040i iHppacTpyKTypH parjioHabHillIe, HAPUKIIa, PO3rOPHYBILH J10AATKOBI cepBicH
3 00po0OKH Ta 30epiraHHs JaHUX y MIapi PAaHUYHHUX BY3IIB.

KawuoBi caoBa: ogHommaTHui koMI'otep, knacrep, [HTepHeT pedeil, rpaHIYHI 004YHCIICHHS.
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