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Introduction

Modern distributed telecommunication systems
are constantly facing increasing demands for real-
time processing of data streams. Such systems are
widely used to ensure stable and fast information
transfer between numerous nodes distributed over
long distances.

With frequent changes in traffic intensity, packet
loss, and limited resources, there is a need to
implement methods that could ensure reliable and
efficient coordination of computing processes. In
real-world conditions, both the choice of a master
node (cluster coordinator) responsible for operational
resource management and the rapid formation of
computing pipelines that minimize data transmission
latency have become important aspects.

The existing solutions, such as the Bully
Algorithm and its modifications, although providing
basic stability of the systems, have significant
drawbacks. In particular, they provoke periodic
spikes in network traffic (election «storms») and do
not respond effectively enough to sudden node failures.
This negatively affects the response time and overall
performance of the telecommunications system.

Therefore, there is a need to create an adaptive
method that would allow for a quick response to
changes in the state of nodes without explicit
elections and ensure optimal use of available
resources, especially in conditions of unstable
communication and unpredictable loads.

Analysis of recent research and publications

Studies [1-4] have substantiated the feasibility of
using consensus algorithms to ensure consistency in
distributed computing environments, but these works
mainly focus on formal models and classical
protocols, without taking into account the specifics of
clustered DTSs with latency and resource constraints,
and the need for local response to load changes.
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Various approaches to leader election are
considered in [5—12]: from classical schemes in ring
topologies to self-organizing and probabilistic
mechanisms for anonymous or partially synchronous
networks. However, they require global coordination,
do not provide mechanisms for fast local recovery
after a node failure, or have significant overhead in
the election process.

Study [13] proposed an improved version of the
ring election algorithm with a reduced number of
messages, but it remains tied to a fixed topology and
does not take into account adaptive mechanisms for
distributed platforms with pipeline processing.

Works [6, 10, 14] focus on optimizing certain
characteristics, such as energy consumption,
predictability, or combining algorithms (e.g., Raft
with PoW [14]), but they do not provide an effective
solution to the problem of selecting a leader in
conditions of limited computing resources, with
delays and instability of connections typical to DTS.

Thus, the problem of developing a deterministic,
scalable, and resource-efficient method for selecting
a master node capable of adaptively functioning
within clustered DTSs remains unresolved.

Problem Statement

Modern DTSs with step-by-step pipeline data
processing operate in a dynamic environment
characterized by variable traffic intensity,
spontaneous load spikes, and periodic instability of
network connections. This requires high adaptability
in managing computing resources, guaranteed
continuous data processing, and efficient routing of
data streams between nodes.

Particularly relevant is the selection of the cluster's
master node (coordinator), which performs local
management functions and is responsible for
collecting metrics, monitoring resources, and
coordinating data streams.
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In practice, classical leader selection algorithms
show limited efficiency due to excessive network
traffic in the election phase, sensitivity to message
loss, delays in control restructuring after a
coordinator failure, and the lack of mechanisms for
prioritizing the delegation of coordinating functions
to less productive nodes [1-16].

Based on this, the scientific and practical task of
this study is to develop a method for selecting a
master node that will be adapted to the functional and
architectural features of DTS with a cluster structure
and pipeline data processing and will ensure efficient
use of computing resources, minimize delays in the
transmission of management messages, and support a
hierarchical structure with a distinction between
intercluster and intracluster management.

The implementation of the proposed method
requires the creation of a specialized algorithm that
takes into account both the topological (delay between
nodes) and resource (computing performance)
characterristics of nodes, as well as mechanisms for
instantly determining a new leader in case of failure
of the current coordinator.

The purpose of the article

The aim of the study is to develop a method for
selecting the master node (coordinator) in a DTS with
a cluster architecture, using a multi-criteria evaluation
of nodes and an improved Gossip leader selection
algorithm in an unstable environment.

Summary of the main material

To implement the scientific and practical tasks of
this study, a distributed processing system is
considered, the main purpose of which is to provide
continuous streaming data processing in a step-by-
step mode [1, 2, 4]. The initial data is generated by
end devices (sensors), and the processing results must
be delivered to a cloud environment or data center for
further storage or analysis.

Each stage of data processing in the system has a
unique number, and the stages are performed in a
strictly defined sequence that forms a processing
pipeline. Such a pipeline is an ordered set of tasks (for
example, a sequence of four processing operations)
that are implemented in stages.

The architecture and functional features of the
model of a distributed telecommunications system are
determined through a set of provisions that reveal the
logic of interaction of its components.

1. Cluster structure. The system consists of clusters
of processing nodes. Nodes within the same cluster
are located close to each other, although they are not
necessarily located in the same network or geographic
area. Each node in the cluster is capable of
performing only one specific task from a particular
processing pipeline [9, 13].

2. Node resource model. Each node is characterized
by limited computing resources (processor, RAM,
storage) and has established communication channels
(tunnels) with other nodes in its cluster. It is assumed
that there are no isolated or inaccessible nodes within
a cluster [1, 2].

3. Data stream model. Data is transmitted through
tunnels, which are defined as data streams. The
stream is characterized by a steady intensity, which at
certain moments can spontaneously increase, forming
short-term bursts. At the same time, processing data
from the stream consumes part of the node's
resources, and these costs can also reach peak values
synchronously with the increase in the intensity of the
stream [4].

4. The role of the master node. Each cluster defines
a master node that acts as a coordinator: it collects
metrics from other nodes and manages the cluster.
This node does not participate in the transmission of
data streams, but it has full information about the
structure of the streams of the nodes in its cluster.

5. Supervisor in the cloud. In the cloud part of the
system, there is a supervisor node that acts as the final
coordinator for inter-cluster decisions, although local,
intra-cluster management is preferred [2, 3].

Considering the specifics of the architecture and
functional purpose of the model, a method aimed at
solving two scientific and practical tasks is proposed:

— selection of the master node (coordinator) within
each cluster with the provision of potential backup
options, with priority given to nodes with lower
resources and lower average latency to other nodes;

— construction of processing pipelines with
minimization of inter-cluster delays, provided that the
sequence of tasks is maintained and the resource
constraints of each cluster are met.

The system architecture presented in Fig. 1 shows
the main structural and functional features that were
considered during the development of the method.
Based on this, additional assumptions are made in this
study:

1. The clusters are small (5-60 nodes), which is
ensured by preliminary grouping based on the method
of hierarchical clustering of processing nodes in
distributed telecommunication systems, using a
modified Louvain algorithm that performs multi-step
clustering of the graph with dynamic adjustment of
parameters [15].

2. Low latency is ensured within a single cluster,
but partial packet loss is possible due to connection
instability or nodes being located in different WAN
segments.

3. The key requirement is to minimize the time to
restore cluster control in the case of a master node
failure.
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Fig. 1. DTS architecture with node clustering and centralized supervisor

The designation of the elements shown in Fig. 1:

Blue squares with an icon are sensors S; — Sg.
They initiate data streams (continuously generate
data).

Small dotted lines are the boundaries of clusters of
processing nodes. The designation of the cluster
indicates its number and, in parentheses, the number
of the pipeline task it can perform.

Blue cubes are processing nodes that perform
certain stages of the pipeline.

Green cubes are local master nodes (cluster
coordinators C; — Cs).

The red cube Np is the central supervisor
responsible for inter-cluster coordination.

Purple solid arrows — direction of data streams
(pipelines) from sensors S; — Sg.

Green dotted arrows — connections between
processing nodes and the master node within the
cluster.

Red dashed arrows — connections between the
master nodes of the clusters and the central
supervisor.

The assumptions formulated in the study outline
the limitations and conditions of functioning within
which the proposed method is implemented. In this
context, the first of the defined scientific and practical
research objectives is detailed as follows.

1. Determining the criteria for selecting a master
node from a set of candidates.
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2. Development of an algorithm for master node
election.

Furthermore, when developing a method, it is
necessary to take into account possible variants of
cluster operation (functioning) that significantly
affect its effectiveness, namely.

1. The method for selecting the master node
should ensure stable operation both in the absence of
the coordinator (for example, during initialization or
after a failure) and in its presence (to maintain balance
when new nodes are added).

2. It is necessary to define a «substitute» for the
master node to ensure a quick and uninterrupted
transfer of leadership in the case of a master node
failure.

To determine the priority of the node in the
process of selecting the master node, this study
proposes an indicator - the Scoring formula - that
allows ranking candidates for the role of cluster
coordinator. This function is developed based on
three main criteria that take into account the
topological and resource characteristics of nodes and
allow deterministic solutions to situations with the
same metrics.

Each criterion in the proposed formula is
normalized to a unified scale and weighted by the
corresponding significance coefficient w;, depending
on the characteristics of the distributed architecture.
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The general view of the evaluation function of node i
is described by the formula:

Score(i) =w, - AvgLat(i) +
+w, - NormPower (i) +
+w; - NormID(i).

(M

Where:

Wq, Wy, W3 € [0,1], W1 + W, +W3 =1.

1. Average delay to other nodes. This criterion
reflects the node's topological proximity to other
cluster members, which is important for reducing
coordination delays. It is calculated by the formula:

1

NI =1 Z Latency(i, ),

AvglLat(i) = N =

J#Fl
where |N| — number of nodes in the cluster.
2. Normalized resource capacity of a node.
Estimates the total computing capacity of a node
based on the total amount of primary resources:

Power(i) = CPU; + RAM; + STG;,
The estimated power value of a node is normalized

relative to the maximum power among all nodes in
the cluster:

In the proposed method of selecting the master
node, preference is given to weaker nodes, i.e., those
with lower computing power. This allows to keep
powerful nodes for intensive computations, and to
transfer coordinating functions to less productive
participants.

3. Normalized value of the node identifier. This is
an additional criterion that is used to resolve
situations with equal scores, as an additional
mechanism for resolving a «tiex:

ID,
max, 1D’

The smaller the Score (i) value (1), the higher the
priority of the node for being elected as the master.
The proposed evaluation function allows for the
preliminary ranking of all candidates in the cluster
without the need to launch a full-scale election
procedure. However, to ensure the stable functioning
of the system in the face of dynamic changes, it is
necessary, in addition to preliminary ranking, to apply
an effective consensus algorithm capable of quickly
and without excessive delays determining a new
master node in the case of a failure or in the case of
changes in the topology.

NormID(i) =

. Power(i) Table 1 shows a comparative characteristic of the
NormPower (i) = max, Power (k) leader election algorithms that can be used to select
the master node [1, 3, 7, 13]
Table 1
Comparative evaluation of leader election algorithms
Algorithm The principle of operation Advantages Disadvantages
In case of failure of the master node,
the node with the highest ID becomes | . High traffic with frequent
. e o Simple, fast on a stable I
Bully algorithm the leader. Initialization occurs by network use. Sensitive to message
sending «Elections» messages to all ' loss.
active nodes.
Enhanced algorithm with fewer Faster due to reduced Requires a guarantee of the
Fast Bully . . . .
. messages during elections, but with messages; optimal for correct order of message
algorithm . . . ..
nodes caching more information. small clusters. transmission.
Raft (only at the The node.s «start» voting with ' Very resilient even to More comp'hcated than the
. random timers, and the one who is Bully algorithm and
leader election . the loss of messages .
the first to get the majority of votes .. redundant for selecting
stage) . and partitions.
wins. only the master node.
Viewstamped A lightweight alternative to Raft: Great for clusters with ?r/florlzs;jf:lig tl(;ires
Replication (VSR) reconciliation of a new leader after high availability p . q
. . . . constant activity of all
election changing the view. requirements. .
replicas.
Ring-based election The no.d s located in the log.1 cal e . Slow in large clusters, not
transmit the message «Elections» in a | Simple, guaranteed .
(Chang and . : . . suitable for latency
circle. The node with the highest elections. ..
Roberts) . optimization.
score wins.
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The end of the table 1

Algorithm The principle of operation

Advantages Disadvantages

Gossip with

The nodes exchange metrics and then

deterministic independently and deterministically
selection (*author's | choose the best node based on
enhancement) common criteria.

Light traffic, no
election storm, fast
recovery thanks to
predefined
substitutions.

Requires efficient initial
metric distribution. Does
not handle long partitions
on its own.

The analysis of the data in Table 1 allows us to
conclude that, given the stated research goal of
ensuring the effective selection of the master node
and the stable functioning of clusters in distributed
telecommunications systems, it is expedient to use the
following algorithms based on their advantages.

1. Fast Bully algorithm:

— effective for small and medium-sized clusters
with relatively stable connection conditions;

— provides fast convergence when using node
identifiers;

— makes it easy to implement the mechanism of
substitute nodes, which increases reliability in case of
failures;

— performs better than the classic bully algorithm
in the conditions of temporary network issues;

The disadvantage of this algorithm is that it
requires the identifiers/scores of other nodes for
continuous operation, which can lead to broadcast
congestion («election storm») during the initializa-
tion phase.

2. Gossip algorithm with deterministic selection.
The advantages of the algorithm include:

— the election is not initiated at all. If a master node
fails, the other nodes or a substitute detect this and
determine a new master node in a deterministic
manner;

— constant but very light traffic;

—nodes know the full list of substitutes. Meets the
need for instantaneous selection of substitutes;

— fast recovery after a failure;

— works in clusters whose topology is not a
complete graph or in the presence of cycles. This
allows the maximum cluster size to be significantly
increased and the algorithm is able to handle more
practical cases.

Given the advantages of a deterministic approach

conventional election procedures, this research has
enhanced the Gossip algorithm with deterministic
selection, with modifications in accordance to the
architectural requirements and features of the
operation of a distributed telecommunications system.

Let's take a more detailed look at the main
characteristics of the Gossip algorithm with deterministic
selection, the stages of its implementation and
enhanced.

Gossip is a class of protocols (algorithms) based
on the gradual spread of information between
neighboring nodes, similar to an epidemic. Gossip is
widely used in decentralized networks where there is
no permanent coordinator, and it is an effective way
to exchange data without centralized control [4, 9].

In the study, based on the Gossip approach, an
enhanced algorithm for selecting the master node is
proposed, which avoids broadcast messaging and
implements the selection of the coordinator without
an explicit election phase. The main principles of the
algorithm implementation are:

1. Periodic exchange of basic metrics or pre-
calculated scores between nodes.

2. Independent calculation by each node of the
optimal candidate for the role of master node based
on the collected metrics.

3. Automatic selection of a predefined substitute
in case of failure of the current leader, which ensures
almost  instantaneous restoration of  cluster
management.

4. Limiting the size of messages to the minimum
required parameters ({ID, score or metrics,
timestamp}).

5. Exchange of heartbeat messages between nodes
after determining the master node to confirm the
status.

The main designations

of the algorithm's

to selecting a master node without running indicators (metrics) are presented in Table 2.
Table 2
Designations (metrics) of the enhanced Gossip algorithm
Symbol Value
ID, Unique identifier of node n. Defined during initialization and does not change

M, Metrics of node n: delay, total number of resources (or their utilization)

Score(n)

The score of a node n is calculated based on its metrics (formula 1)

Cn

spreading mechanism

A local list of known cluster nodes with up-to-date metrics obtained through the Gossip

© L. Syvolovskyi, V. Lysechko, 2025
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The end of the table 2
Symbol Value
R, A ranked list of nodes based on the values of Score(k), ordered in ascending order
Master, The node that is considered to be the master for node n
. A list of alternatives (substitutes) of node n that can replace the coordinator in case
Substitutes, . .
of its failure

The flowchart of the enhanced Gossip algorithm
during normal operation and when a master node
failure is detected is shown in Fig. 2.

According to Fig. 2, the procedure of the
algorithm in normal operation includes the sequence
of the following actions.

Steps of the enhanced Gossip algorithm
in normal operation

1. Each node periodically transmits («gossips») its
current metrics, for example, at intervals of 2-5
seconds.

2. The node transmits the metrics received from its
neighbors to other nodes (all or a certain number
of them).

3. The node locally creates a set C, (a set of
current metrics of known nodes) and independently

— calculates Score(n) for all nodes in C,,;

— sorts the nodes in R,, (from best to worst);

— sets the master node Master,, = R,[0] and
substitutes Substitutes, = R,[1:] (the rest of the
list).

Thus, each node locally has information about the
current master (coordinator), and in case of its failure,
it instantly appoints a new leader from a pre-
calculated list. If necessary, metrics can be replaced
with scores, but this reduces the flexibility and
versatility of the algorithm.

Steps of the enhanced Gossip algorithm
when detecting a master node failure

In case of detecting the absence of coordinator
activity (disappearance of periodic messages of the
«heartbeat» type), in accordance with Fig. 2, the
following sequence of actions is performed:

Parameter initialization

Set of nodes in the cluster C, evaluation

function Score(m), gossip interval Tgoggjp,
degree of distribution F, TTL of the
message H, heartbeat interval Tjp, timeout of

the master node failure Ty, interval for

updating scores T fesh, time for resending
messages Teyy,

v

Initialization of nodes
Each node in
cluster C launches several
asynchronous processes that
perform the algorithm'’s steps

S

The node recalculates scores
based on the data received
from other nodes (from the

cache) every Ti.pesp SECONdS

The node sends a heartbeat
message to the master node
every T, seconds

—>| le—

Every Tyossip Seconds, a node
transmits a message to F
neighbors: { avg_latency, power,
normalized_id, timestamp }

The node receives messages from
neighboring nodes

higher than
Tla

Setting a new master
node Master, and
substitutes Substitute,,

v
If the new Master is the
current node, it notifies other
nodes of the change in its
status

L expired ol
this message has been
already received?

The message is sent again. If there
are several consecutive failures, the—
node is considered unreachable

The node forwards the
message to F neighbors

¥

The current version of the
message is written to the
internal cache

End

Fig. 2. Flowchart of the enhanced Gossip algorithm
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1. The node with the highest priority in the
Substitutesylist immediately starts to perform the
functions of the master node Master,.

2. (Optional) In case of critical requirements to the
reaction time, the newly appointed coordinator can
explicitly notify other nodes about the change of its
status.

3. All nodes in the cluster:

—update the master node: Master;, = Substitute;

— shift the list of substitutes accordingly.

Thus, the change of the master node occurs
without explicitly launching the election procedure,
with minimal delays and without generating
excessive message exchange. The state of the
coordinator can be monitored either by all nodes in
the cluster or only by its substitute candidates.

Similarly, when new nodes are dynamically added
or when some nodes are lost, re-electing the
coordinator does not require explicitly starting the
election procedure. A new leader and an updated list
of deputies are generated automatically based on the
messages spread within the cluster (gossip
metrics).However, to ensure the stable operation of
the algorithm in a dynamic topology, it is important
to take into account the potential risks of excessive
message propagation and data consistency. To this
end, the proposed algorithm implements special
control mechanisms that ensure efficient cycle
processing and avoid duplication.

One of the possible problems with Gossip
algorithms is their operation in networks with internal
loops. Without a mechanism to interrupt the cyclic
transmission, a message can circulate in the system an
unlimited number of times. In addition, there is
support for the consistency of data circulating in the
system (anti-entropy). The following techniques can
be used to solve these problems:

1. Use of versions or timestamps. Each node keeps
a cache of the last messages (origin, version, or time)
that it has already received. If it receives a duplicate,

4
z %S

——>/\

Round 1

Round 2

it discards the message. This ensures that each update
is propagated only once to each node.

2. Limiting the depth of propagation through TTL
(Time-To-Live). Each «gossip» message contains a
TTL (for example, 612 hops). Each node that
forwards the message reduces the TTL by 1. If the
TTL reaches 0, it deletes the message. Useful if it is
necessary to limit the scope of action and avoid
widespread distribution.

3. Anti-entropy checksums. Every few rounds
(e.g., every 10th gossip), nodes send a state (a hash or
version map) of what they have seen. Other nodes:

a. Compare their state with the received state.

b. Send only the updates that are missing.

This avoids unnecessary data exchange and
synchronizes nodes that have fallen behind.

4. The «Push—Pull» gossip transmission protocol.
Provides a two-phase model, instead of just
transmitting messages:

a. Push: sending the latest updates to other nodes.

b. Fetching: asking a neighbor if it has any
missing information.

The more techniques used in the system, the
higher its stability and reliability, but this increases its
complexity, resource consumption, and network load.
The proposed algorithm uses techniques 1 and 2. For
systems with increased requirements for accuracy and
speed, techniques 3 and 4 or their combination are
effective.

In Fig. 3, according to technique 1, an example of
message propagation with metrics across the cluster
is presented, followed by canceling the message
transmission if it has already been received by a node.

White circles — the message has not yet been
received by the node; green circles — the message has
already been received by the node; green arrows — the
direction of message distribution at the current stage;
red crosses — the message is not distributed further
because it has already been received; black arrows —
transition between stages.

\
/

\/

Round 3

0‘1/#‘

Fig. 3. An example of distributing a message with metrics across a cluster

© I. Syvolovskyi, V. Lysechko, 2025
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To ensure the efficient functioning of the
algorithm, it is necessary to correctly configure the

parameters, examples and recommended value ranges
of which are shown in Table 3.

Table 3
The main parameters of the algorithm and their recommended values

Parameter Symbol Example value Purpose

Gossip interval Tyossip 1,0-5,0 s How often a node reports its metrics/status
. 2-6 nodes or «all How many nodes communicate (gossip)
Gossip fanout F neighborsy» per round with the node
Message TTL H 6-12 hops Maximum propagation depth (if TTL is used)
Convergence time Tonw Depthpmax * Tgossip The time it takes for data to reach all nodes
Heartbeat interval Thp 0,5-1,0 s Leader/substitute heartbeat interval
Master failure fimeout Trai 2 x Ty =1,5-208 Timeout before the master node is considered
to be down

Score refresh interval Trefresn 10-30s Redefine candidates based on the latest messages
Message resending Delay before re-distributing the message if there
interval Tretry 100-1000 ms is no confirmation/distribution

For the experimental modeling, a set of conditions
was defined that correspond to typical scenarios of
distributed telecommunication systems. The relevant
test data are summarized in Table 4.

Table 4

Input parameters for experimental modeling
Parameter Assumed value

Cluster size 5-100 nodes

Latency between 10-50 ms

nodes

Message loss rate | Low (<1 %)

Goal of Regqlar synchrlomzatlon. of
. metrics and quick selection of a

application leader

Transport TCP or UDP

Based on the parameters from Table 4, an example
of modeling for a cluster of 50 nodes was calculated
under the following conditions:

1. Gossip spreading interval Ty, = 1,0 C.

2. Number of nodes receiving messages in one
round F = 3.

The propagation of messages within the algorithm
is exponential:

Nodes reached in R rounds =

Accordingly:

— After round 1: 3 nodes.

— After round 2: 9 nodes.

— After round 3: 27 nodes.

— After round 4: 81 nodes (the entire cluster).

Conclusion: full convergence (information disse-
mination) in a cluster of 50 nodes takes 4-6 seconds,
which ensures quick state coordination and prompt
selection of a new coordinator in case of a master
node failure.

Considering the given time characteristics and
robustness requirements, it is also important to assess
the overall effectiveness of the proposed method.
Table 5 presents a comparative analysis of the
enhanced Gossip algorithm with one of the most
commonly used in practice, the Fast Bully algorithm
that uses substitutes.

FR

Table 5

Comparison of the proposed algorithm with the Fast Bully algorithm

Aspect

Fast Bully algorithm with substitutes

Enhanced Gossip with deterministic selection

Leader election trigger then active elections

Explicit identification of failures and

No election; nodes calculate the master node
independently

Recovery from a
failure

The pre-selected substitute becomes the
leader after the current leader refuses
(only by sending a message to all others)

The substitute becomes the leader. The others
find out either after the substitute informs
them or through gossip.

Initial election

Significant spike (may cause a storm)

No overhead costs, equivalent to regular

overhead operation
Normal operation Almost zero (only a heartbeat) until the Low (periodic status/metrics gossip),
overhead next election customizable

Convergence time
scores)

Fast (using identifiers) or medium (using

Slower — converges in several rounds

of gossip, depending on the depth of the
cluster. Deterministic when data is distributed
throughout the system

Determinism

give the same result)

Deterministic outcome (the same scores

They may diverge for a short time if the view
hasn’t yet been coordinated

© I. Syvolovskyi, V. Lysechko, 2025
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The end of the table 2
Aspect Fast Bully algorithm with substitutes Enhanced Gossip with deterministic selection
Suitability for unstable | Very sensitive to message loss during Resilient (gossip can withstand partial loss of
networks elections messages)
Scalability (cluster Best suited for small and medium-sized Easily scalable to large clusters (100-500
size) clusters (< 50 nodes) nodes)

Consistency of data in
the selection of the

election
master node

Consistent representation after the

May be inconsistent during the negotiation
process

Customizability

Uses an identifier or score
of score

Can use any score

Risk of split-brain
situation (2 masters)

Very low (stable representation)

Medium, possible during delayed gossip
messages

Traffic spike in case
of a malfunction of the

master node results

Gathering of scores (only when using
scores) and transmission of election

No spike, information spreads gradually

Total bandwidth usage | Low (with significant spikes)

Higher (periodic messaging), but without
spikes

As shown in Table 5, both algorithms have their
advantages depending on the system operating
conditions. The Fast Bully Algorithm provides high
performance and a clear leadership mechanism
through the use of identifiers and substitutes, which
makes it effective in stable networks with limited
latency.

On the other hand, the improved Gossip algorithm
demonstrates better resilience in a dynamic
environment with intermittent connectivity, avoids
excessive traffic, and is easily scalable, which is
especially important for large or unstable clusters.
Thus, the choice of algorithm should be based on the
requirements for scalability, resilience, and the
characteristics of changes in the network
environment.

Conclusions

The article proposes a method for efficiently
selecting the master node (coordinator) and forming
optimal computing pipelines in DTS. To implement
the method, we have improved the Gossip leader
election algorithm with deterministic selection, which
avoids election storms, reduces the overhead of
messaging, and ensures fast reassignment of the
coordinator.

One of the features of the proposed method is the
use of an evaluation function that takes into account
the average delay between nodes, the resource
capacity of nodes, and normalized identifiers. This
allows for flexible and efficient selection of cluster
coordinators, taking into account topological and
resource constraints.

Enhanced Gossip
provides:

— no need for an explicit procedure for electing a
coordinator;

leader election algorithm

© I. Syvolovskyi, V. Lysechko, 2025

— fast automatic assignment of a new coordinator
in case of failure of the previous one with the help of
backup candidates (substitutes);

— stable operation in conditions of dynamically
changing network topology and partial loss of messages;

—ease of implementation through periodic exchange
of lightweight messages (gossip metrics).

Experimental modeling has confirmed the fast
convergence (4-6 seconds for 50 nodes) and high
stability of the proposed algorithm under the
conditions of typical DTS operation. Comparative
analysis has shown that the proposed improvement of
the Gossip leader detection algorithm scales
effectively for large clusters and provides stability in
unstable networks, unlike traditional algorithms.

Thus, the results of the study confirm the
feasibility and effectiveness of applying the proposed
method and the improved algorithm for selecting a
leader to ensure the reliable functioning of the DTS.
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METO/J BUBOPY I'OJIOBHOI'O BY3JIA TA ®OPMYBAHHSI KOHBEE€PIB ObPOBKH
Y PO3IIOAIVIEHUX TEJJEKOMYHIKAINIMHUX CUCTEMAX

Y emammi 3anpononosano memoo subopy zonosnoco 8ysna ¢ PTC 3 knacmepHow apximexkmyporw ma KOH8EEPHOIO
00pobKoI0 danux. Memoo cnpsamosanuil Ha 3a6e3neyents CmiluKo2o Kepy8aHHs iHopMayiiHuMy NOMoKamu y Kiacmepi
30 YMO8 OUHAMIYHO20 3MIHEHH HABAHMAJICEHHS, HeCcmabitbHOCMI Mepedicesux 3 '€OHaHb 1 0OMedlceHoCcmi
obuucnosaneHux pecypcis. Ha 6iominy 6i0 kaacuynux npoyedyp eubopy nidepa, AKi Oasyromvcsa Ha 2100aTbHil
CUHXPOHI3ayil abo WUPOKOMOBHUX GUOOPHUX ANCOPUMMAX, 3ANPONOHOBAHUI NIOXIO peanizye 0emepMiHO8aHul Gudip
KOOpOUHAMOPA HA OCHOGI JNIOKAIbHO20 PAHIICYBAHHS GY3II6 3 YPAXYBAHHAM MEMPUK 3AMPUMKU, O0OYUCTIOBANbHOL
NOMYAHCHOCMI MA YHIKAIbHUX [0eHMU@IKamopis.

YV meowcax sanpononosanozo memody yoockomaneno aicopumm eubopy nidepa Gossip, 3a paxyHOK OONOGHEHHS
MeXauizmMamu nepioOutHo20 0OMIHy MEMPUKAMU, TOKATbHO20 PAHIICYBAHHS KAHOUOAMIB, NPUSHAYEHHS PE3ePEHUX 8Y3/116
I asmomMamuyno20 NepeMUKanus KepyeawHs y pasi eussieHus 6iomosu. Ancopumm nepeddbauac 36epedicenis
aAKmMyanbHO20 CMAHY 8Y31i8 V 8U2iA0I JOKAAbHUX CNUCKIB, A MAKONC SUKOPUCMAHHSA KOHMPOIbHUX NOGIOOMIEHb MUny
heartbeat 0ns niomeepodceHHs AKMUBHOCMI 207108H020 8Y31d. Po3pobneno mexauizmu 00OMedCeHHS HAOTUUKOB020
nowupenus ingopmayii uepesz egedenna TTL (Time-To-Live) i mapkepie imepayiil, Wo YHEMONCIUBTIOE YUPKVAAYIIO
3acmapinux nogiooMieHb.

Excnepumenmanvre modenosanta nokasano, wjo YOOCKOHANEHUL AN0pumm 3a6e3neuye nosHy 30idcHICmb OaHUX y
Kkaacmepi 3 50 8y31i6 3a 4—6 cexyHO, OeMOHCMPYE BUCOKY cmiliKicmb 00 émpam nogidomnens (<1 %) ma minimanvmi
3AMPUMKU NPU ABMOMAMUYHOMY NepenpusHayeHHi Koopounamopd. Y nopieHAnHI 3i WEUOKUM AN20pUMMOM Xylieand,
3anPONOHOBAHUT NIOXIO 3MEHULYE 3a2albHULL Mepexcesuti mpagik y gasi eionoeienHs kepysakns 00 18 % i nidsuwye
cmabinbuicms pobomu Knacmepy 8 ymMosax uacmux 3mMiH monoaoeii.

Takum 4uHOM, 3aNPONOHOBAHUL MemoO 003807a€ epexkmusno ynpaensmu kracmepuumu PTC 3 xomeeepHoio
00pobKo danux 6e3 nompebdu y 3anycky uOOpHUX npoyedyp, wo pobums 1020 NPUOAMHUM 0N 6NPOBAONCEHHS Y
Macuumabo8ani ma KpUMmu4HoO HABAHMANCEHI MeleKOMYHIKAYIHI cepedosuwya.

KnrouoBi cnoBa: posnogineHi TenekoMyHikauiHi cuctemu (PTC); camoopraHisauis; onTumisadis; Mepexa; By3nu;
TONOMOrid; BiAMOBOCTIVKICTb; 3aTPUMKa; anropuTMu; NOTYXHICTb; KnacTep.
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Syvolovskyi 1., Lysechko V.
METHOD FOR LEADER NODE SELECTION AND PROCESSING PIPELINE FORMATION
IN DISTRIBUTED TELECOMMUNICATION SYSTEMS

The paper proposes a method for selecting the master node (coordinator) in distributed telecommunication systems
(DTS) with a clustered architecture and pipeline-based data processing. The method is aimed at ensuring stable data
flow management within a cluster under conditions of dynamically changing workloads, network instability, and limited
computational resources. Unlike classical leader election procedures that rely on global synchronization or broadcast-
based voting algorithms, the proposed approach implements deterministic coordinator selection based on local node
ranking, taking into account latency metrics, computational capacity, and unique identifiers.

As part of the proposed method, the Gossip-based leader election algorithm has been enhanced by integrating
mechanisms for periodic metric exchange, local candidate ranking, pre-assignment of backup nodes, and automatic
control transfer in case of coordinator failure. The algorithm maintains the current state of nodes as local lists and uses
heartbeat-type control messages to confirm the coordinator’s activity. To prevent redundant message propagation,
mechanisms such as Time-To-Live (TTL) and iteration markers have been introduced, which eliminate the circulation of
outdated data.

Experimental modeling shows that the improved algorithm achieves full data convergence in a 50-node cluster within
4—6 seconds, demonstrates high resilience to message loss (<I %), and ensures minimal delay during automatic
coordinator reassignment. Compared to the fast Bully algorithm, the proposed approach reduces total control recovery
traffic by up to 18% and significantly improves cluster stability under frequent topology changes.

Thus, the proposed method enables effective management of clustered DTS with pipeline processing without initiating
explicit election procedures, making it suitable for deployment in scalable and high-load telecommunication
environments.

Keywords: distributed telecommunication systems (DTS); self-organization; optimization; network; nodes; topology;
fault tolerance; latency; algorithms; computational capacity; cluster.
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