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pi3HUX PIBHAX MepexeBol iH(pacTpyKTypu 3alli3HUIb
VYKpalHu: TPaHCIOPTHIA Mepexi, Mepexax HOCTYILY,
Mepex HEHTPIB 00POOKH JaHHX TOLLO.

Po3po0ieHo  MoOJENnb  CErMEHTY  MEpEeKeBOl
IH(GPAaCTPYKTYpH  3ali3HAYHOTO  TPAHCIOPTY  UIA
JIOCTI/DKCHHS ~ 3allPOMIOHOBAHMX TCXHIYHUX PIlICHb

o0 BipTyamizamii MepeX, BHU3HAUCHHS KIFOYOBHX
XapaKTCPUCTUK JAHOTO IIAXOMy Ta pPO3pPOOJICHHS
MPaKTHYHUX PEKOMCHIAIIIM.
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BIOIHCIIIPOBAHE
MOJIAPHUX KOJIB

JEKOJYBAHHS

Iepexix m0 HOBITHIX PaZiOTEXHOJIOTIH BHMarae
3a0€3MeUeHHs BHCOKHMX IIOKa3HHUKIB EHEpPreTHYHOL
e(eKTHBHOCTI, IIBUIKOCTI MepelaBaHHS [NaHUX Ta
3axucty indopmanii [1]. 3acTocyBaHHSs 3aBaJOCTIHKUX
KOMIB JIGKHTh B OCHOBI  0araThbOX Cy4acHHX
TENIEKOMYHIKAI[IITHAX TEXHOIOTIH, 10 CIPSIMOBaHO Ha
BUDILICHHS TakuX MpobieM sk poboTa y CKIamHIH
3aBaJI0Biif 0OCTaHOBII, 3HIKCHHS CHEPTCTUYHUX BUTPAT
panioszaco6iB Tomio. IlonsipHi Komu € NepcreKTUBHUM
KJTacOM JHIHHHMX 3aBaJOCTiHKHX KOIiB, BOHM MAalOTb
TapHi KOperyBaJlbHi BIACTHBOCTI Ta MPOCTi NPOLEAYPH
MoOYIOBH TIOPOJUKYBaNBbHOI (TIEpeBipoYHOi) MaTpwili,
ane 3amada e(eKTUBHOTO NEKOIyBaHHS IaHUX KOIiB
3aJIMIIAETHCS HE BUpiLIeHoo [2, 3].

Y poOoTi IpoaHaNi30BaHO HAsBHI ~ METOIHU
JIEKOJIyBaHHsI TMMOJIIPHUX KOJIB, BHU3HAYEHO IX cJabKi
CTOPOHM Ta NUIAXY YAOCKOHAJIEHHA e(QEeKTHBHOCTI
JIEKOyBaHH:. 3 ypaXyBaHHIM OTPUMAaHHUX Pe3yJbTaTiB,
MIpEJICTaBICHO Ol0iHCIIIPOBAHUM MAXIM IO JCKOyBAHHS
JIAaHUX KOJIB Ta BH3HAYCHO OCOOJMBOCTI peaizarii
OCHOBHMX  eramiB  JiekoayBaHHs. Takox  Oyio
PO3po0IIeHO NPOrpamMHy peatizaliio 3anporoHOBAHOTO
METOJly JICKOJyBaHHSI 3 BHUKOPHCTaHHSAM 0OpaHOi

Gi01HCITIIPOBAHOT IPOIE/PH MOUTYKOBOT onTiMizallii. 3a
pe3ysbTaTaMy HPOBEJICHUX JIOCHiKEHb BU3HAYEHO, 110
eHepreTuIHa e EeKTUBHICTh 0101HCTIIPOBAHOTO
JEKOIYBaHHA ITOJIIPHHX KOIIB y KaHal 3 alUTUBHUM
OimMM TaycoBMM IIyMOM I[IEpEeBHIIYe OOpaHi Uit
MOPIBHSAHHSA METOIU JCKOMYBaHHA Ta Ma€ MPHUHHATHY

OOUNCITIOBAIBHY  CKJIIHICTD. Takum  guHOM,
3aCTOCYBaHHS ~ JITaHOI'O METOAY  JCKOAYBaHHS €
JOLUTEHUM npu BITPOBAPKCHHI HOBITHIX

PamioOTEXHOJIOTIH, 110 BUKOPUCTOBYIOTE TOJISPHI KO Y
SIKOCTI MEXaHi3My 3aBaJIOCTIHKOr0 KOTyBaHH.
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METHODS TO IMPROVE THE
PERFORMANCE OF DISTRIBUTED
TELECOMMUNICATION SYSTEMS BY

CHANGING THEIR ARCHITECTURE

Currently, Internet of Things systems are among the
most complex to design, due to the large number of client
devices and the even greater amount of data they
generate. The data generated by the devices have no
value on their own - the main task of any system is to
process them by structuring, cleaning, analysis, etc.

As long as the system processes numerical or textual
data, the traditional approach using the cloud is suitable
for any load, albeit with high latency. But when the
system needs to process multimedia data (audio and
video), the resource requirements increase significantly.
Nowadays, with the development of artificial
intelligence algorithms, media processing has begun to
include their active use, for example, pattern recognition.
However, the use of these algorithms imposes additional
resource requirements - some algorithms can get a
significant performance boost when running on
hardware-accelerated processors or video cards. Also,
such systems may have increased requirements for data
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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 jgorictuyHnx xabiB HAa CbOTOJHI CTaE
HEBiI’€MHOIO YaCTHHOIO OpTaHi3alii MyJIbTHMOATBbHIX
nepeBe3eHb. Taki TPaHCTIOPTHI BY3JIH MOETHYIOTH B c001
BCi BHIIM TPAHCHOPTY LIS 3PYYHOCTI TPAHCTIOPTYBAHHS
BaHTaXiB JEKUIbKOMa BUJIAMHU TPAHCIIOPTY.
Jlorictnyanii Xab — 1€ BeNWKa TEPUTOPIsA, HA SKIH
BUKOHYEThCS YBECh KOMIUIEKC oOfepaiiid 3 o0poOku
BaHTaxiB. Jleski JorictuyHi xabu €Bponu 31aTHI
o0pobnsaitn  Oinpmie 1 mimbitona TEU.  Opun
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