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processing delays, for example, in video surveillance,
which makes the cloud-based approach inefficient.

To solve such problems, the Fog Computing
paradigm was previously developed, which introduces
additional layers of computing nodes between the cloud
and the client device. Using this paradigm, it becomes
possible to transfer part of the computation to
intermediate layers, which reduces the latency relative to
client devices and, accordingly, to obtain data processing
results faster at each stage.

Given the growing popularity of this paradigm,
researchers have begun to develop specific cases of its
application in various fields, creating additional or
specialized layers and forming clusters of nodes. In the
context of video stream processing, this paradigm can be
easily applied - a separate layer of computing nodes is
allocated for each processing stage, with hardware
characteristics that can effectively perform the
designated type of task [1].

The stages of video stream processing in video
surveillance include: preprocessing, segmentation,
feature extraction, and classification. These stages show
that the further the processing is carried out, the more the
hardware requirements of the nodes increase, but at the
same time, the cardinality of the data decreases - at each
stage, the node transmits only the results of its processing
and a small part of the original data (for example, key
frames). In terms of network capacity, nodes in later
stages can receive processing results from more nodes
than nodes in the previous stage. Also, it can be noted
that nodes from later stages can perform tasks from
carlier stages, although this is a less efficient use of
resources, as simple tasks are more efficiently distributed
to weaker nodes.

These statements lead to the conclusion that the
exclusive use of nodes for a specific type of task is
inefficient, because in the event of load surges or failures,
other nodes may not be able to compensate for the lack
of resources due to the conceptual limitations of the
system.

New research addresses this situation in the context
of the ‘service placement problem’, where a service is a
container or application that can perform one type of
task. Several such services can be placed on a node, and
processing optimizations include moving services to
other nodes to reduce latency, which is reduced to
performing tasks on graphs [2].

Given that this approach does not clearly divide
nodes into layers, and large systems can have tens of
thousands of computing nodes, nodes should be grouped
into sets defined by some attribute, i.e., into clusters or
‘communities’ [3]. At the same time, the efficiency of the
system directly depends on the principle by which
clusters are created and rebuilt and under what conditions
a task is delegated to another cluster.

At the moment, various methods have been used to

solve the problem of cluster formation: from linear
programming to Markov chains and genetic algorithms.
However, some of the work using these methods takes
latency and bandwidth between nodes as the main
parameters, expecting that any service can be moved to
optimize the architecture. However, this concept is
incorrect from a practical point of view, since not every
node can perform the service tasks due to its hardware
characteristics.

Also, when performing tasks on graphs, it is
assumed that the distance matrix has already been built,
although in a distributed system, each node may not be
aware of all other nodes in the system if there is no SDN
or master node to which other nodes are concentrated. On
the other hand, their presence is the ‘single point of
failure’ of the system, even if this component can be
dynamically redistributed during operation.

Thus, there is a need to develop a method for
clustering nodes of a distributed telecommunication
system that:

- creates an architecture without a single point of
failure and can be initialized from any node;
- contains an algorithm for scanning the network
of computing nodes to find the distance matrix;
when creating clusters, it seeks to optimize delays in
data processing chains, taking into account the sets of
tasks that can be effectively performed by the nodes.
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POJIb JIOTICTUYHHUX XABIB B CHUCTEMI
MYJIbTUMOJAJBHUX NIEPEBE3EHD

KoHuenuiss jgorictuyHux xabiB HAa CbOTOJHI CTaE
HEBi’€MHOIO YaCTHHOIO OpTaHi3alii MyJIbTHMOATbHIX
nepeBe3eHb. Taki TPaHCIIOPTHI BY3JIH MOETHYIOTH B c001
BCI BUJIW TPAHCIOPTY IS 3pYYHOCTI TPAHCTIOPTYBAHHS
BaHTaXiB JEKUIbKOMa BUJIAMHU TPAHCIIOPTY.
Jlorictnyanii Xad — 1€ BelWKa TEPUTOPIsA, HA SKiH
BUKOHYEThCS YBECh KOMIUIEKC ofepamiid 3 o0poOku
BaHTaxiB. Jleski JorictuuHi xabu €Bponu 3IaTHI
o0pobnsitn  Oinmpmie 1 mimbiiona TEU.  Opjun
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JIOTICTHYHHMIA xa0 MOXKE 3aliMaTd TEPUTOPIIO IUIOIICIO
Olunbrre 1 MiibifoHa KBaJpaTHUX METPIB. BymiBHUIITBO
BEJIMKMX JIOTICTUYHUX [EHTPIB — TEHJCHI[S, IO
OoTpUMaJia IIOMyJIIPHICTS y 0OaraTbOoX KpaiHax CBITY.
OmarM 3 HAWOUTAPIIMX 1 HAWHOBINIMX IICHTPIB
TpaHcnopTHO] JtoricTukn €Bpomu € mopt DHL y wmicti

Jlewinmur, KU OCHAIIlCHUH HOBITHIMU
IHTCIIEKTyaTbHUMH CHUCTEMaMHM, M0 JalOTh 3MOTY
Oc3nepeOiiiHo OpraHi30ByBaTH TIpoIIec
TPaHCTIOPTYBaHHS BaHTaXy B PIi3HI TOYKH CBITYy. B
Vkpaini TIPUKIIaI0M TaKoro MacITabHOTO

TpaHCTIOpTHOTO BY31a € «Cyxwuii mopt» B Opneci. «Cyxuid
HOPT» AA€ 3MOTY JJOCTaBIIATH BaHTaXi 3 BAOKPUCTAHHAM
JOEKIIBKOX  BUAIB  TPAaHCHOPTY —  MOPCHKHM,
aBTOMOOUTPHMM 1  3ami3HW4HUM. Ha  Tepuropii
JIOTICTUYHOTO  LEHTPY 3HAXOIATHCA CKIAAU Ui
30epiraHHsA KOHTEHHEpiB, TpaH3UTHA ILIOMIANKA, CKIIAX
TUMYAcOBOTO 30epiraHHs, KOMIUIEKC JIS OOpOOJICHHS
30ipHUX _BaHTaxiB, Ta IiHmI npuMimenHsa. I[lopyd
3HaxomuThes Onecbkuit mopt. Ha chorosHi akTyansHUM
MMUTaHHAM € YJIOCKOHAJIEHHS CHUCTEM YIPABIIHHS MiXK
TaKUMH JIOTICTHYHUMH [EHTPaMH 3 HEBEIHUKUMH
3aI3HUYHAMHU  TEPMIHAIBHUMHU CTAHIISIMM B MeXax
BUKOPDHUCTAHHS  3aII3HUYHOTO  TPAHCIOPTY AN
Oe3rnepeOiiHOro Npoliecy TPaHCHOPTYBAHHSI BAHTAXIB
BiJl BaHTAXOBIINPAaBHUKA JI0 BaHTKOOJEPKyBaya B
CHCTEMI MYJIBTUMOJAIBHUX [IEPEBE3EHb.
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