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Abstract
A classification of existing algorithms for dynamic change of network structures in ad-
hoc 10T networks is provided. The proposed algorithm for dynamic change of information
transmission channels is described, and its position among existing approaches is established.
The algorithm employs Dijkstra’s shortest path method with a composite cost function
integrating five weighted factors: residual node energy, inter-node distance, wireless link
quality, node traffic load, and link congestion. A Python-based discrete-event simulation
framework built on SimPy and NetworkX is developed to evaluate the proposed algorithm
against four established routing protocols: shortest-path (hop-count), AODV, LEACH-C, and
energy-aware routing. The results of conducted research and their comparative analysis are
presented.
Comprehensive experiments across five scenarios involving 30 independent trials with
50 nodes demonstrate that the proposed multi-criteria algorithm achieves the highest packet
delivery ratio of 98.9% in stationary networks and 96.9% in mobile environments, while
maintaining competitive latency and energy fairness. Scalability tests with up to 200 nodes
confirm sustained performance advantages. The advantage of using the proposed algorithm
for network structure change is demonstrated according to various criteria, including packet
delivery ratio, network lifetime, and energy fairness. The commonalities among all tested
algorithms are discussed, and conclusions of the work are presented.

Key words: ad-hoc networks, dynamic topology management, multi-criteria routing, 10T
mesh network simulation, energy-aware routing, Dijkstra algorithm, wireless sensor
networks, discrete-event simulation.


https://doi.org/10.56243/18294898-2026.1-

INFORMATION AND COMMUNICATION TECHNOLOGIES

Bulletin Of High Technology N 1 (37) 2026.-pp.3-18.

H.E. Hayrapetyan, M.V.Markosyan
AN ALGORITHM FOR DYNAMIC CHANGE OF INFORMATION TRANSMISSION CHANNELS IN AD-HOC loT
NETWORKS AND ITS PLACE AMONG EXISTING APPROACHES

Introduction

Relevance of the work. The rapid proliferation of Internet of Things (1oT) devices has
created an urgent need for robust, self-organizing wireless mesh networks capable of
operating in dynamic environments. 10T mesh networks, built on standards such as IEEE
802.15.4 (ZigBee), IEEE 802.11s, and Thread, enable multi-hop communication where sensor
nodes cooperatively forward data packets toward a destination. Unlike centralized star
topologies, mesh networks offer inherent redundancy and extended coverage, making them
particularly suitable for large-scale deployments in smart cities, environmental monitoring,
industrial automation, and precision agriculture [1, 2].

A critical aspect of these networks is the dynamic nature of their topology. Nodes
continuously deplete their limited battery reserves, experience hardware failures, or physically
relocate. When a relay node fails, all routes traversing that node become invalid, potentially
partitioning the network and causing significant packet loss. Existing routing protocols for ad-
hoc networks, such as AODV [5] and OLSR [6], optimize primarily for hop count or link
state without considering the heterogeneous and time-varying nature of 10T node resources.
This creates energy hotspots at central relay nodes, accelerating their failure and reducing
overall network lifetime. The development of routing algorithms that simultaneously account
for multiple dynamic network parameters—energy, distance, link quality, load, and
congestion—remains an open and relevant research problem [3, 4].

Issues under consideration. This work addresses the following research questions: (1)
How can multiple criteria—node energy, physical distance, wireless link quality, traffic load,
and link congestion—be integrated into a single cost function for routing decisions in 10T
mesh networks? (2) How does the proposed multi-criteria algorithm compare against
established routing protocols (shortest-path, AODV, LEACH-C, and energy-aware routing) in
terms of packet delivery ratio, network lifetime, energy fairness, and latency? (3) How does
the algorithm perform under varying conditions, including network scale (12-200 nodes),
node mobility (0-10 m/s), and different traffic patterns? (4) Can adaptive weight tuning
improve performance compared to fixed weight configurations?

Structure of the article. The remainder of this paper is organized as follows. Section 2
reviews existing routing algorithms for ad-hoc networks and establishes their classification.
Section 3 describes the proposed multi-criteria algorithm, including its cost function and
adaptive weight mechanism. Section 4 presents the discrete-event simulation framework used
for evaluation. Section 5 provides experimental results and comparative analysis across five
scenarios. Section 6 discusses commonalities among the tested algorithms. Section 7
establishes the classification and position of the proposed approach among existing methods,
and Section 8 concludes the paper.

Review and Classification of Existing Routing Algorithms

Routing protocols for wireless ad-hoc and sensor networks can be classified along
several dimensions: proactive versus reactive route discovery, flat versus hierarchical
topology, and single-criterion versus multi-criteria path selection [3, 8]. This section reviews
the four algorithms used as comparison benchmarks in this study.
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Shortest-Path Routing (Hop-Count Dijkstra). The baseline approach uses Dijkstra’s
algorithm to find the path with the minimum number of hops between source and destination.
This method is computationally efficient and produces optimal paths in terms of hop count.
However, it is oblivious to node energy levels, link quality, and traffic load. In dense
networks, shortest-path routing consistently directs traffic through central relay nodes,
creating “bottleneck nodes” that deplete their batteries significantly faster than peripheral
nodes. In our experiments, shortest-path routing achieved a PDR of 96.8% with the worst
energy fairness (Jain’s index 0.856) among all tested algorithms [9].

AODV (Ad-hoc On-Demand Distance Vector). AODV, defined in RFC 3561 [5], is a
reactive protocol that discovers routes only when a data packet needs to be sent. The source
node broadcasts a Route Request (RREQ) message that propagates through the network; the
destination replies with a Route Reply (RREP) along the reverse path. Routes are maintained
with sequence numbers to prevent loops and detect stale entries. The reactive nature of
AODV minimizes control overhead during idle periods but introduces route discovery latency
of 100-500 ms for the first packet on each new route. AODV performs well in mobile
scenarios due to its ability to rapidly discover fresh routes [10].

LEACH-C (Low-Energy Adaptive Clustering Hierarchy — Centralized). LEACH-C [7]
organizes nodes into clusters, each managed by a cluster head selected based on residual
energy. Regular nodes transmit to their nearest cluster head, which aggregates data and
forwards it toward the sink. Cluster heads are re-elected periodically (every 30 seconds in our
implementation) to distribute the energy burden. LEACH-C achieves the best energy fairness
(Jain’s index 0.922) among the tested algorithms but introduces a minimum two-hop latency
(node — cluster head — destination path) and higher average delay [7, 11].

Energy-Aware Routing. This approach selects routes that maximize the minimum
residual energy among all nodes on the path (max-min energy criterion). By protecting the
weakest node on any candidate path, energy-aware routing is effective at delaying the first
node failure. In our stationary experiments, it achieved first-node-death at 86 seconds
compared to 62 seconds for shortest-path routing. However, by considering only energy, this
approach ignores link quality, distance, and congestion, resulting in suboptimal PDR (98.1%)
compared to the multi-criteria approach [12, 13].

Proposed Multi-Criteria Routing Algorithm

The proposed algorithm extends Dijkstra’s shortest path algorithm with a composite
cost function that evaluates each link across five criteria. The cost of traversing a link from
node i to node j is defined as:

C(i,)) = wi/Ej + w2+ (di/ 100) + w3/Qsj + wa-Li2 + ws T, @)

where E; is the residual energy ratio of node j (0 to 1), d;j is the Euclidean distance between
nodes 1 and j, Qj is the link quality (0.3 to 1.0), L; is the traffic load of node j (0 to 1), and I'j;
is the congestion level of the link (0 to 1). The weights w: through ws are configured as shown
in Tab 1.
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Table 1
Default weight configuration for the multi-criteria cost function
Factor Weight Rationale
1/Energy 0.30 Avoids low-battery nodes; cost triples as energy drops from 60% to 20%
Distance/100 0.20 Prefers shorter hops to reduce path loss and energy consumption
1/Quality 0.20 Penalizes unreliable wireless links with high error rates
Load x 2 0.20 Distributes traffic away from overloaded relay nodes
Congestion 0.10 Avoids congested links to reduce queuing delays

The total path cost is the sum of individual link costs along the route. The algorithm
uses Dijkstra’s algorithm with a priority queue to find the minimum-cost path from source to
destination, considering only active nodes. Routes are cached with a time-to-live (TTL) of 10
seconds; expired routes trigger recomputation to adapt to changing network conditions.

Adaptive Weight Mechanism. The algorithm incorporates an optional adaptive weight-
tuning mechanism that adjusts the five cost weights based on real-time network state. Every
10 seconds, the algorithm evaluates average node energy, average congestion, average load,
and average link quality across the network. When average energy falls below 60%, the
energy weight is scaled up linearly (up to 2.5x at 10% average energy). Similar scaling
applies to congestion (threshold: 30%), load (threshold: 40%), and quality (threshold: 60%).
After scaling, weights are renormalized to sum to 1.0. This mechanism ensures that the
algorithm shifts its optimization priority toward the most critical network resource as
conditions evolve,

Simulation Framework

The simulation environment is implemented in Python using SimPy 4.0 for discrete-
event modeling and NetworkX 3.0 for graph algorithms and topology management. The
framework models a complete 10T mesh network with realistic physical-layer characteristics.
Fig. 1 illustrates the two-step network construction process: random node placement followed
by mesh topology formation based on communication range.

Network Model. Nodes are deployed randomly in a 400x400 m area. Each node is
modeled as a battery-powered 10T sensor with initial energy uniformly distributed between
0.3 and 0.5 Joules, following the energy model conventions established by Heinzelman et al.
[7] for wireless sensor network simulations. Nodes within a mesh range of 150 m (tyFigal
outdoor ZigBee range) form bidirectional wireless links, creating a partial mesh topology. The
network supports node mobility using a random waypoint model with configurable speed and
mobile fraction [14, 15].
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Fig. 1 Network construction: (a) random node placement with 150 m communication range
circles; (b) resulting mesh topology with connectivity indicators
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Energy Model. Energy consumption follows the first-order radio model [7]:
Etx(kad) = Eelea'k + Eamp'k'dn (2)

where Ec.a = 50 nl/bit is the electronics energy, k = 8192 bits (1024-byte packet), and the
amplifier energy E.m, uses the free-space model (10 pJ/bit/m?2) for distances below the
crossover distance do = 87 m and the multi-path model (0.0013 pJ/bit/m*) for longer distances.
Receive energy is Eix = Eea'k. Nodes fail when residual energy drops below 5% of initial
capacity and have a 5% per-second chance of recovery (simulating energy harvesting or
battery replacement) [7, 16].

Wireless Channel Model. The log-distance path loss model is used:
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PL(d) = PL(do) + 10n-logie(d/ds) + Xo, (3)

with reference path loss PL(do) = 40 dB at 1 m, path loss exponent n = 2.5 (tyFigal outdoor),
and Gaussian shadow fading Xo with standard deviation 3 dB. Packet success probability is
computed using a sigmoid function of the signal margin above receiver sensitivity (—100
dBm, tyFigal 802.15.4), multiplied by the current link quality factor [17].

Packet Transmission. Packets are transmitted hop-by-hop along the computed route. At
each hop, the simulator models MAC-layer retransmission with up to 3 retry attempts. A
packet is marked as failed if any hop exhausts its retries or if the next-hop node has failed.
Link congestion increases by 0.1 per packet and decays at 10% per second. Link quality
fluctuates randomly within +0.02 per second, bounded between 0.3 and 1.0 [14].

Evaluation Metrics. To assess energy distribution fairness across the network, we use
Jain’s fairness index [7], defined as:

J(x1, Xz, ..., Xo) = (Zxi)? / (n - Ix2), (4)

where x; represents the energy ratio (residual/initial) of node i and n is the total number of
active nodes. The index ranges from 1/n (maximally unfair, all energy consumed by one
node) to 1.0 (perfectly fair, all nodes have equal energy). A higher value indicates more
equitable energy consumption across the network. This metric, originally proposed by Jain et
al. (1984) for measuring resource allocation fairness in computer networks, is widely used in
wireless sensor network research to evaluate how evenly routing algorithms distribute the
communication burden.

Experimental Results and Comparative Analysis

Five experiments were conducted to evaluate the proposed algorithm from different
perspectives. Each experiment consists of 30 independent trials with different random seeds to
ensure statistical robustness. The default configuration uses 50 nodes deployed in a 400x400
m area with 150 m mesh range. The five algorithms compared are: Multi-Criteria (MC),
Shortest Path (SP), AODV, LEACH-C (LC), and Energy-Aware (EA).

Experiment 1: Algorithm Comparison. Table 2 presents the performance of all five
algorithms under stationary and mobile (5 m/s) conditions.

The multi-criteria algorithm achieves the highest PDR (98.88%) in stationary
conditions, outperforming shortest-path routing by 2.04 percentage points. In mobile
environments at 5 m/s, AODV’s reactive nature provides a slight advantage (97.83% vs.
96.89%), as on-demand route discovery naturally adapts to topology changes caused by node
movement. LEACH-C achieves the best energy fairness (0.922) in stationary conditions due
to its cluster-head rotation mechanism.
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Algorithm comparison results (50 nodes, 30 trials)

Table 2

Algorithm PDR (%) Stat. PDR (%) Latency (ms) Stat. | Fairness Stat. Fairness Mobile
Mobile
Multi-Criteria 98.88 96.89 45.3 0.896 0.968
Energy-Aware 98.12 96.87 46.6 0.891 0.967
AODV 97.63 97.83 45.1 0.883 0.929
LEACH-C 97.66 97.24 53.0 0.922 0.967
Shortest Path 96.84 96.62 45.9 0.856 0.893
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Experiment 2: Scalability (12 to 200 nodes). Network size was varied from 12 to 200
nodes to assess scalability. At 200 nodes in stationary conditions, the multi-criteria algorithm
maintains 99.0% PDR with 86 ms average latency, compared to 98.0% PDR for shortest-path
and 96.4% for energy-aware routing. Under mobility, all algorithms experience significant
degradation at scale, but the multi-criteria algorithm retains the highest PDR at 87.9% versus
83.0% for both shortest-path and energy-aware alternatives. These results confirm that the
multi-criteria cost function scales effectively to larger networks.
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Fig. 4 Scalability analysis: PDR and latency as a function of network size (12-200 nodes)

Experiment 3: Network Lifetime. Network lifetime is measured by two thresholds: time
to first node death and time until 25% of nodes have failed. Tab. 3 summarizes the results.

Network lifetime comparison (seconds)

Table 3

Algorithm 1st Death (Stat.) 25% Dead (Stat.) = 1st Death (Mobile) 25% Dead (Mobile)
Multi-Criteria ~107 ~175 ~94 ~184
Energy-Aware ~86 ~170 ~101 ~184

LEACH-C ~60 ~200 ~80 ~237
Shortest Path ~62 ~180 ~63 ~206

Network lifetime is evaluated using first node death and the 25% failure threshold rather
than complete network death, because in multi-hop wireless sensor networks the loss of
critical relay nodes causes network partitioning and connectivity collapse long before all
nodes exhaust their batteries. Consequently, the network becomes functionally inoperable
well before 100% node failure, making partial failure thresholds more practical and widely
adopted metrics in WSN literature [3, 16]. The multi-criteria algorithm delays first node death
the longest in stationary conditions (107 s), exceeding energy-aware routing by 24% and

10
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shortest-path by 73%. This is because the multi-criteria cost function penalizes low-energy
nodes, distributing traffic more evenly. LEACH-C achieves the best long-term survival (25%
threshold at 200-237 s) due to its periodic cluster-head rotation, which fundamentally
redistributes the energy burden [7].

Network Lifetime Analysis
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Fig. 5 Network lifetime: cumulative node failures over time for each algorithm

Experiment 4: Mobility Impact. Node speed was varied from 0 to 10 m/s to assess
mobility resilience. At 10 m/s, AODV achieves the highest PDR (96.57%) owing to its
reactive route discovery, followed by energy-aware (95.67%) and multi-criteria (94.83%).
The multi-criteria algorithm degrades approximately 4% from stationary to 10 m/s mobility,
while shortest-path degrades most severely. The 10-second route cache TTL becomes a
limiting factor at high speeds, as cached routes may reference nodes that have moved out of
range [10].

Experiment 5: Adaptive vs. Fixed Weights. The adaptive weight mechanism provides
marginal improvement (1-2% in energy fairness) over the fixed default weights in most
scenarios. Over a 600-second simulation, the energy weight increases from 0.300 to 0.418
(stationary) and 0.425 (mobile) as batteries deplete, while distance and quality weights
decrease correspondingly. The adaptation is more pronounced in mobile networks where
conditions change more rapidly.

The results confirm that the default weight configuration is near-optimal for tyFigal
deployments, while the adaptive mechanism provides a safety margin for extended operation
[18].

11
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Impact of Node Mobility on Routing Performance
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Commonalities of the Algorithms

Despite their differing strategies, all five routing algorithms share several fundamental
properties that arise from the common problem domain of multi-hop wireless communication
in resource-constrained networks.

12
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First, all algorithms rely on a graph-based representation of the network topology,
where nodes correspond to 10T devices and edges correspond to wireless links within
communication range. The routing decision in every case reduces to a path selection problem
on this graph. Dijkstra’s algorithm or its variants (breadth-first search for unweighted graphs)
serves as the computational backbone for four of the five algorithms; only LEACH-C departs
from pure shortest-path computation by introducing a hierarchical cluster structure [3, 7].

Second, all algorithms exhibit sensitivity to network density. In sparse networks (fewer
than 20 nodes in a 400x400 m area), all algorithms converge toward similar performance
because routing options are limited—often only one or two paths exist between any source-
destination pair. The differentiation between algorithms becomes meaningful only when the
network provides sufficient path diversity, tyFigally above 30-40 nodes in the tested
deployment area [8].

Third, all algorithms benefit from mobility in terms of energy fairness. When nodes
move, the set of relay nodes changes over time, naturally distributing the forwarding burden
across a larger subset of the network. This was observed consistently across all experiments:
energy fairness (Jain’s index) improved under mobility for every algorithm, from 0.856-0.922
(stationary) to 0.893-0.968 (mobile at 5 m/s). This suggests that mobility, while challenging
for route stability, has an inherent load-balancing effect that complements algorithmic
optimization [10].

Fourth, all algorithms share the fundamental trade-off between route optimality and
route freshness. Proactive algorithms (multi-criteria, shortest-path, energy-aware) maintain
continuously updated routing tables but may use stale information between updates. The
multi-criteria algorithm addresses this with a 10-second cache TTL. Reactive algorithms
(AODV) guarantee fresh routes but incur discovery latency. LEACH-C occupies a middle
ground with periodic re-clustering every 30 seconds. No algorithm entirely resolves this trade-
off; rather, each makes a different design choice along the optimality—freshness spectrum [5,
6].

Fifth, packet delivery ratio for all algorithms exceeds 96% under stationary conditions
with 50 nodes, confirming that the underlying mesh topology with 150 m range and 400x400
m deployment provides sufficient connectivity for reliable communication regardless of the
routing strategy.

The algorithms differentiate themselves primarily in their secondary effects: energy
distribution, lifetime extension, and adaptation to dynamic conditions [9].

Classification and Position of the Proposed Algorithm

The proposed multi-criteria routing algorithm occupies a distinct position in the
taxonomy of ad-hoc routing protocols. Table 4 classifies the tested algorithms across key
dimensions.

The multi-criteria algorithm is the only approach that simultaneously considers energy
conservation, path quality, load balancing, and congestion avoidance within a single unified
framework. While each single-criterion algorithm excels in its specific dimension (energy-
aware for lifetime,

13
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Table 4
Classification of routing algorithms

Property MC SP AODV LEACH-C EA
Discovery Proactive Proactive Reactive Hierarchical Proactive
Criteria 5 factors Hop count Distance Cluster dist. Energy
Adaptive Yes No No Periodic No
Best PDR 98.9% 96.8% 97.6% 97.7% 98.1%
1st Death (s) 107 62 N/A 60 86

AODV for mobility, LEACH-C for fairness), the multi-criteria approach provides the
best overall balance across all metrics. The adaptive weight mechanism further distinguishes
the proposed algorithm by enabling dynamic rebalancing of optimization priorities without
manual intervention [3, 8].

The weight sensitivity analysis (varying all five weights across multiple configurations)
demonstrates that the algorithm is robust to weight selection: PDR remains within a 0.4
percentage point range (98.7-99.1%) across all tested weight configurations in stationary
conditions. This robustness suggests that the multi-criteria approach provides stable
performance even without precise a priori knowledge of optimal weights.

Conclusion

This paper presented a multi-criteria routing algorithm for dynamic 10T mesh
networks that integrates five weighted cost factors—residual energy, distance, link quality,
traffic load, and congestion—into a Dijkstra-based path selection framework. A
comprehensive discrete-event simulation environment was developed using SimPy and
NetworkX to evaluate the algorithm against four established routing protocols across five
experimental scenarios.

The experimental results lead to the following conclusions:

1. The multi-criteria algorithm achieves the highest packet delivery ratio (98.9%) in
stationary networks, outperforming shortest-path routing by over 2 percentage points
and energy-aware routing by 0.8 percentage points.

2. First node death is delayed to 107 seconds (stationary), representing a 73%
improvement over shortest-path and 24% improvement over energy-aware routing,
demonstrating effective bottleneck mitigation.

3. The algorithm scales well from 12 to 200 nodes, maintaining superior PDR at all
tested network sizes in both stationary and mobile conditions.

4. The adaptive weight mechanism provides a self-tuning capability that increases the
energy weight from 0.30 to 0.42 as batteries deplete, offering marginal but consistent
improvements in energy fairness.

14
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5. In high-mobility scenarios (10 m/s), reactive protocols such as AODV outperform the
proposed approach, suggesting that future work should explore hybrid proactive-
reactive strategies or reduced cache TTL values.

Future research directions include extending the algorithm with multipath routing for
critical packets, integrating machine learning for weight prediction, and validating the
simulation results on real hardware platforms such as ESP32 or nRF52 with ZigBee
communication modules.
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AD-HOC IO0T SUuLS8tMNhU SE16LUSUYNRE3UL PNULSUUL LULULLENMh
HhLuUbhy PNeNtuNhfe-3uL ULSNCPERU B4 U St
AN3NKE3NKL NRLESNT UNSESNRULEMh TUr2NhU

LE Cwjpuybnjut’, U.4. Vwpynuyjut’
Wuwywuynuiih wqquighti wnihipbuthwwl hwdwuwpwt
2Gpluutih uwh dhongtiinh 3<h

Unwownlynd L ad-hoc loT gwugbpnid guugwjht  Ywnnigwdpubiph nhuwdhy
thnihnfudwt wnlw wignphpdubph nwuwlwpgnw: L{wpwgpyws £ nbnElunyniejwu
thnfuwugdwt Ywuwubiph nhuwdhy thnihnfudwu wnwowpyynn wignppedp b gunujwsd L
upw wnbinp wnlw dninbtignwdubph swppnid:

UWignphedp oguwgnpdnd £ Hhuwpwih  wdbbwlwpé  twuwwwphh  dbennp
pwqdwyh quwhwwndwtu  Yonwjuwgwsd  Pniuhghwind, npp  punbgpnd £ hhug
Yonwjuwgywd gnpdnuubpp’ hwugnygh Jduwgnpnuihtu Eubpghwt, hwugnygubph dholt
htinwynpnieniup, wujwp Yuwwh npwyp, hwugnygh npwphyh pbnudwsdnieniup b Yuwh
fugwunwip: SimPy U NetworkX hpdwu yJpw Python |tgynd dowlydwd £ nhuypbin
hpwnwpaniegniuubph dnnbjwynpdwu opowuwy’ wnwewnlynn wignphedp guwhwunbint
hwdwp snpu hwunwndwsd bBpeninuynpdwt wpdwuwgpniegniuubph nbd' wdbuwlwpé
dwuwwwnph (hop-count), AODV, LEACH-C L Lubipghwjh dpw hpdujwsd bppninuygnpnid:
Lbpywjwgynwd  Gu hpwlwiwgwsd  hbunwgnunyejwu  wpryniupubpp b npwtg
hwdbdwwnwlwu Jbpnwdnyeniup:

Lwdwwwpthwy thnpdbpp hhug ugbuwpubpnd, npnup Ubpwnnd Gu 30 wulwfu
thnpdwpynwd 50 hwugnygny, gnyg Gu wwihu, np wnwowplynn pwqdwgnpdnuwihu
wignphedp hwuun £ hwpbpubph wnwpdwt wdbtwpwpdp hwpwpbpwlygniejwu' 98.9%
wuowpd guwugbpnd b 96.9% swpdwlywu dhowwipbpnud’ dhwdwdwuwl wwhwywubing
dpgnitwl wpwpdwt npwgnud b Eubpghwh Yuyns uwwnnud:  Uwuaunwpwjuniejw
thnpodwpynuiubipp dhusle 200 hwugnygny hwuwwuinnid Gu wpunwnpnnuijuwuntegjwt Yuyniu
wnwybnyeyniutiipp: - Snyg £ wpdnd  wnwowplyynn - wignpphpdh  oguwgnpddwu
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wnwybinyejniup guwugwjht Yunnigwdph thnthnfudwt hwdwp wnwppbp swhwuphoubipp
hwdwdwju, UbGpwnyw| hwpbplubph wnwpdwlt hwpwpbpwygnyeniup, gwugh Yjwuph
nlnnneiniup - L Eubpghwh - uwywndwtu  dwlwpnwyubpp:  Lutwpyynid  Gu - pnpnp
thnpdwplyws wignpphpedubph punhwupnueniuutipp W ubpluwjwgynd Gu - wotuwwnwuph
bgpwlywgnyeniutibpp:

Pwuwih pwnbp: ad-hoc guugbp, nhuwdhy wnwninghwjh Yunwdwpnd, pwqdwlyh
swithwuhoubipnh Gpeniqwynpnd, 10T mesh gwugh dnnbjuwdnpnud, tubpghwih ypw hhdugwsd
Gpeninwynpnd,  Hluwnpwih  wignppped,  wujwp  ubbunpwiht gwugbp, nhuypbin
hpwnwpanieniuubiph dnnbjuwynpnid

AJTOPUTM JUHAMMYECKOI'O U3BMEHEHHUSI KAHAJIOB IEPEJIAUYU
WUH®OPMAIINHU B AD-HOC 10T CETSIX 1 ETO MECTO CPEIHA
CYIECTBYIOIMX MMOJIXOJA0B

A.D. Aiipanersin’, M.B. Mapkocsin®
Hayuonanvuwtii nonumexnuveckuti ynusepcumem Apmenuu
2Epeeanckuii HUU Cpeocme Ceasu

[lpencraBiena kinaccuuKalus  CyIHIECTBYIOIIMX — QITOPUTMOB  JAWHAMHUYECKOTO
U3MEHEeHUs ceTeBbIX CTpyKTyp B ad-hoc IoT cersx. Ommcan mnpeiaraeMblii alrOpuT™M
JUHAMHYECKOr0 U3MEHEHHUs KaHaJIOB NepeJaud MHPOpPMAaIKi U YCTaHOBJIEHO €T0 MOJI0KEHUE
Cpely CYHIECTBYIOIUX ITOAXOIO0B.

ANTOpUTM HCIIONIB3YeT METOJ Kparyailmero mnyTH JleHkcTpsl ¢ KOMIO3UTHOMN
B3BEIIEHHON (QYHKIUEH CTOMMOCTH, WHTErpUpPYIOLIEH NATh B3BEIICHHBIX (PAKTOPOB:
OCTaTOYHYIO SHEPrHIO y371a, PacCTOSIHUE MEXAy Yy3J1aMH, KauyecTBO OECIpPOBOIHOM CBS3H,
3arpy>KeHHOCTh y3/1a TpauKOM U neperpykeHHocTh kaHana. Ha ocnoBe SimPy u NetworkX
pa3paboTaHa miIaTGopma JAUCKPETHO-COOBITUHHOTO MojaearpoBaHus Ha Python ans oneHku
IpeIaraéMoro ajiropuTMa IO CPAaBHEHUIO C YETBHIPbMS YCTAaHOBJIEHHBIMHU IPOTOKOJIAMH
MapinpyTusanun: kpardaiimuit nyth (hop-count), AODV, LEACH-C u sHeprosddexTrBHas
Mapupytuszauus. IlpeacraBieHbl  pe3yibTaThl MPOBEIEHHOTO HCCIENOBAaHHMS U UX
CpPaBHUTEIBHBIN aHAIIN3.

KommuiekcHble 3KCIepUMEHTHI MO IMSATH CLEeHapusM, BKIodaromue 30 He3aBHCHMBIX
ucnelTaHuil ¢ 50 y3/maMu, JEMOHCTPUPYIOT, UYTO IpeaIaraéMblii MHOTOKPUTEpPUAIbHBIN
QITOPUTM  JIOCTUTAeT HAWBBICIIEro Kod(pQHIMeHTa JOCTaBKM MaketoB 98,9% B
CTallMOHapHBIX ceTax U 96,9% B MOOWIBHBIX cpemax, MNpU ITOM COXpaHssA
KOHKYPEHTOCIIOCOOHYIO 3aJepXKKy M CIPaBeUIMBOCTb paclpeneieHusi »Hepruu. TecTsl
MaclTabupyeMOCTH € KOJu4ecTBOM y310B 10 200 MOATBEP)KIAIOT  yCTOHUYMBBIC
IIPEUMYIIIECTBA IIPOU3BOUTEIIBHOCTH. [TponemMoHCTpUPOBaHO IIPEUMYLIECTBO
WCIIOJIb30BaHUs IIPEUIaracMoro ajaropuTMa il U3MEHEHHs CTPYKTYPBI CETH IO Pa3IU4HBIM
KPUTEPHSIM, BKIIOYasg KOXPQPHUIMEHT JOCTaBKM IAKeTOB, BpeMs JKU3HM CETH U
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CIpaBeUIMBOCTh  pacmpereneHuss sHepruu. OOcyxnaiorcs  oOmme  4YepThl  BCex
MIPOTECTUPOBAHHBIX AIITOPUTMOB U MIPEJICTABICHBI BBIBOABI PAOOTHI.

KawueBbie cioBa: ad-hoc ceru, ympaBieHHe JIMHAMHYCCKOH  TOIMOJIOTHEH,
MHOTI'OKPUTEpUAIIbHAS MapIIpyTH3aLHKs, MOJCIINPOBAHUE IoT mesh ceren,
sHeprodhPeKTUBHAS MapIIpyTU3alus, anropuT™ JlefikcTpbl, OecrpoBOAHBIE CEHCOPHBIE
CETH, TUCKPETHO-COOBITUHHOE MOICTUPOBAHUE.
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