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with a finite number of nodes and heterogeneous data traffic types. The proposed method effectively supports
both real-time and non-real-time data transmission over a sample IoT networking scenario. The proposed
dynamic channel allocation method was analytically modeled using a 2-dimensional continuous-time Markov
chain, and its performance was evaluated in a sample IoT network scenario involving a finite number of IoT
nodes. Additionally, a discrete event simulation model of the proposed model was developed. The analytical
model results of the proposed channel allocation method were verified by comparing them with the simulation
model results. In a network scenario with 12 channels, 1000 real-time and non-real-time users, and a total load
of 10, the throughput was obtained as 4.534 for non-real-time nodes and 3.477 for real-time nodes. Furthermore,
under the same load, the channel utilization is 18.892% for non-real-time nodes and 43.474% for real-time
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1. Introduction

The Internet of Things (IoT) is a network system in which physical objects can exchange data with each other and
autonomously operate actuators without the need for human intervention [1-6]. It has expanded rapidly and been applied
extensively across various fields, including smart homes, healthcare monitoring, transportation, smart agriculture,
manufacturing, and smart cities [3]. The fundamental component of these systems is Wireless Sensor Networks (WSNs).
WSNss are essential in [oT applications, as they gather, track, and transmit real-world data, including temperature, humidity,
pressure, light intensity, and motion. Since sensor networks generate various types of data, the data traffic types they transmit
are not homogeneous, requiring different levels of bandwidth and Quality of Service (QoS) support [2]. While real-time
applications, such as ECG (electrocardiogram) data in patient monitoring, demand fast data transmission, other applications,
such as temperature data in a particular environment, are delay-tolerant and can support long data transmission delays. One
of the most crucial challenges in IoT networks is managing heterogeneous data traffic. Heterogeneous data traffic refers to
the transmission of multiple data types with varying QoS requirements over the same network. For example, in a smart city
scenario, real-time video streaming and low-bandwidth sensor data must be transmitted simultaneously [3]. Resources in loT
networks should be allocated to nodes according to their data traffic types. This allocation is carried out at the Medium Access
Control (MAC) layer, ensuring efficient bandwidth distribution and network performance. In IoT networks, multiple nodes
share a common channel to transmit data, so channel access must be efficiently regulated. The dynamic channel access
mechanism in the MAC layer ensures the proper use and sharing of the channel [7]. Network performance depends heavily
on the MAC protocol used, making it crucial to choose an appropriate one for high throughput, low delay, and low energy
consumption [7].

This paper introduces a dynamic channel allocation scheme developed for IoT networks with a finite number of nodes and
heterogeneous data traffic. The proposed method is designed to efficiently manage real-time and non-real-time data
transmissions within the IoT network, ensuring fair and effective resource utilization. A two-dimensional (2D) continuous
time Markov chain model was carried out to analyze the system’s behavior under varying traffic conditions. Furthermore, a
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discrete event simulation model was implemented by using Python to validate the analytical results. The efficiency of the
proposed channel allocation strategy was evaluated by using a sample network scenario featuring 12 communication channels
and 1000 users, evenly divided between real-time and non-real-time traffic types.

1.1. Motivation and Contributions

Heterogeneous IoT networks require real-time channel allocation that respects class-dependent demand under limited
spectrum. Existing Markov-based approaches often rely on homogeneous-load assumptions or fixed contention settings,
which underrepresent mixed RT/NRT behavior and limit performance under varying load. We address this gap with a two-
dimensional CTMC-grounded, model-based online admission and channel-assignment policy that adapts to instantaneous
conditions using closed-form measures derived from the model. We also establish an analysis—simulation consistency bridge
showing that the CTMC steady state predicts the simulator’s steady regime without re-fitting. Taken together, these design
choices aim to reduce blocking probability while preserving throughput in finite-channel deployments.

Our contributions are threefold:

(1) Heterogeneity-aware CTMC. Mixed RT/NRT traffic with class-dependent channel demand is modeled compactly
without per-class decomposition, thereby avoiding the homogeneity and fixed-contention assumptions commonly found
in earlier models.

(2) Model-based admission control. We derive closed-form blocking measures from the CTMC and use them to adapt
admission and channel assignment in real time, rather than relying on fixed heuristics or offline learning.

(3) Analysis—simulation consistency. We provide a bridge showing that the CTMC steady state predicts the discrete-
event simulator’s steady regime without re-fitting, enabling calibrated performance forecasts.

2. Related Work

The literature presents a vast number of MAC protocols specifically designed for [oT networks, each aim to address different
challenges such as energy efficiency, scalability, latency, and network congestion.

In [8], the analysis proceeds under the assumption of an infinite user pool to ensure tractability; arrivals are modeled by a
prescribed distribution (e.g., Poisson) and remain independent of the current occupancy, yielding an abstract limiting regime
with an unbounded user population. In contrast, our study adopts a finite-user model tailored to practical system deployments,
directly representing the dynamics of finite-resource and finite-user systems. This approach prioritizes practical relevance
and aims to provide findings that are more applicable to real-world configurations than those derived under infinite-
population assumptions.

In [9], an Energy-Efficient and Group-Priority MAC (EEGP-MAC) protocol for [oT networks, utilizing the hybrid Q-learning
honey badger algorithm (QL-HBA), is proposed—the proposed approach leverages reinforcement learning agents to optimize
network performance by dynamically selecting predefined tasks. The algorithm integrates Q-learning into the Honey Badger
Algorithm (HBA) to improve decision-making in MAC. The access point classifies network nodes into different subgroups
based on factors such as location, energy levels, and the type of traffic they use. A combined metric is then derived using
these parameters to prioritize groups. The QL-HBA algorithm selects the optimal number of contention nodes within each
group, taking into account factors such as neighbor density and total traffic load. Transmission slots are then allocated based
on the assigned group priority. The EEGP-MAC protocol is modeled and simulated in NS3, and simulation results
demonstrate that it reduces delay by 11%, decreases energy consumption by 16%, and increases throughput by 10% compared
to the existing QL-DGMAC protocol for various network sizes.

In [10], the S-MAC protocol is improved by extending the IEEE802.11 data frame and incorporating both data and energy
priorities to tackle the portability challenge of priority data. This enhanced approach allows wireless sensor nodes to transmit
data based on priority and network load during the data exchanging competition window, helping to minimize redundant
conflicts. The enhanced protocol is simulated by using the NS2 simulation tool, with the simulation results demonstrating
that it reduces data transmission delays for varying priority levels, balances network load, and extends network lifetime.

In [11], a hybrid energy harvesting-based energy neutral operation MAC mechanism, named HENO-MAC, is proposed. This
protocol enables the receiver node to produce energy from solar and wind sources, adjusting its duty cycle correspondingly.
The performance of HENO-MAC is assessed by utilizing realistic solar and wind data within the GreenCastalia. Simulation
results show that HENO-MAC’s duty cycle mechanism effectively uses harvested energy to achieve ENO and reduces packet
delay by up to 28.5% for all packets and 27.3% for the highest priority packet compared to existing MAC protocols.

In [12], a new hybrid scheduling-based MAC (MoT) protocol is introduced. The proposed MAC protocol secures the
transmission of all uplink packets within the network and fulfills the essential requirements for mission-critical applications.
MoT increases bandwidth utilization while ensuring deterministic delay and improved throughput compared to conventional
IoT MAC protocols. A simulation software for MoT to facilitate performance comparison with LoRaWAN has also been
developed. This work offers valuable insights into the execution of both protocols and will support future research in this
area.

168



Sedat Atmaca, Feyyaz Okul Sakarya University Journal of Computer and Information Sciences 9 (1) 2026, 167-179

To distinctly position our contribution within the existing body of literature, we present a critical comparative analysis in
Table 1, summarizing the key methodological differences between our proposed framework and highly relevant prior studies
regarding system assumptions and policy design

Table 1. Critical Comparison of Key Modeling Assumptions and Policy Approaches in Related Work

Ref. Traffic User MAC Performance Key difference vs. this
heterogeneity  population adaptation Metrics work
. Utlllzgtlon, Our work targets channel
[8] Heterogeneous Infinite QoS-driven blockmg, allocation with a finite-
QoS at MAC MAC completion, .
user setting.
throughput
Our model utilizes
. Large Delay, energy, dynamic control (without
[] Group-priority (implicit) RL (QL-HBA) throughput RL), CTMC explainability,
and a finite-user regime.
S-MAC Our work adopts an
[10] Data/energy Large arameter Energy & priority  analytical channel-
priorities (implicit) }c)unin effects allocation; 2D-CTMC for
& RT/NRT demand.
Our work emphasizes
) ) capacity (blocking,
[11] gﬁifi}; tﬁfu)tral %i;al:gleici 9 f/ﬁ:rgy aware Delay, energy completion, throughput)
& p with dynamic channel
assignment.
Our work does not target
[12] Mission- Large Deterministic-  Deterministic latency; it models finite-
critical (implicit) latency MAC  latency resource, finite-user
capacity outcomes.
RT/NRT, Dvnamic Utilization,
This  class- Finite ynam blocking,
admission & .
work  dependenton  users assionment completion,
demand & throughput

3. The Proposed IoT Network Model and Dynamic Channel Allocation Method

An example of an IoT network structure where the proposed channel allocation algorithm is applied is shown in Figure 1.
The example network model features a sensor network with a centralized topology. This sensor network consists of an access
point and a finite number of sensor nodes. It is assumed that these sensor nodes, distributed evenly across the communication
area, are randomly located. The sensor nodes use two different types of data traffic: real-time (RT) and non-real-time (NRT).
The type of data traffic generated by the sensor nodes is distributed homogeneously (with a uniform distribution) across all
nodes in the network.

3.1. The Proposed Channel Allocation Method

The pseudocode for the proposed channel allocation algorithm, utilized in an example network scenario, is shown in
Algorithm 1. According to the algorithm, when a sensor data packet arrives from the physical layer, IoT nodes first use the
control channel to transmit the packet to the access point. Through the control channel, they request the appropriate number
of channels from the access point based on the type of data traffic they intend to transmit. If sufficient channels are available
in the system at that time, the access point allocates the corresponding channels to the sensor node and informs it. The sensor
node then uses the allocated channels to transmit the packet. If there are not enough channels available in the system for the
requesting IoT node, a call block state occurs for that node. In this case, the node will randomly generate a time period based
on an exponential distribution and, after this period, will again request a channel from the access point.
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Figure 1. The Network Model Utilizing the Proposed Channel Allocation Method

Algorithm 1. Pseudocode for the proposed Channel Allocation Method

Proposed Channel Allocation Algorithm

1: begin

2: C=12, Nypr =500, Nip =500, Cppr =1, Cpr =3

3: Arr s Angr > Hnrr =20, pigr =2.0

4: randomly distribute the nodes across the network area with a
uniform distribution.

5: while (true) do

6: wait for new channel requests from the nodes

7: if (new channel request) then

8: determine the type of the requesting loT node and the

number of channels required for this node

9: if (sufficient number of channels are available) then

10: allocate the required number of channels for this node

11: generate a random service time for this node

12: else

13: increase the call block count by 1

14: generate a random arrival time for this node

15: update all performance metrics

16: end if

17: end if

18: else if (@ new service is completed) then

19: release the channels used by the related IoT node

20: generate a new arrival time for the related loT node

21: update all performance metrics

22: end else if

23:  end while

24:end
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3.2. Analytical Model of The Proposed Channel Allocation Method

The proposed channel allocation method is modeled by using a 2-dimensional continuous-time Markov chain. Figure 2
illustrates the Markov Chain model for the proposed system, where NRT users utilize 2 channels, RT users utilize 3 channels,

and the total number of channels is 10.
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Figure 2. Continuous-time Markov chain (CTMC) model of the proposed channel-allocation policy, illustrated for C = 10
total channels with per-request demands CRT = 3 and CNRT = 2.

In the Markov chain model steady-state equations, Cgr represents the number of channels required for RT nodes, Cypr

denotes the number of channels required for NRT nodes, and C indicates the total number of channels in the system. Table
2 presents the symbols and abbreviations used in the Markov Chain model.

Table 2. Symbols and Abbreviations Used in the Markov-Chain Model and the Pseudocode of the Proposed Dynamic

Channel-Allocation Scheme

Symbol

Definition

Total number of channels

Number of channels required per RT request
Number of channels required per NRT request
Number of RT nodes in the system

Number of NRT nodes in the system

The maximum number of RT nodes that can
occupy the channels

The maximum number of NRT nodes that can
occupy the channels

Arrival rate of RT nodes
Arrival rate of NRT nodes

Total arrival rate of nodes in the network
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Table 2 (Continued)

Hpr Service rate of RT nodes

Hypr Service rate of NRT nodes

In the Markov chain model, each state (i, J ) is expressed as an ordered pair. These ordered pairs are used to describe the

system states. The components of the pair represent the number of channels used by NRT and RT nodes, respectively.

The state space of the 2-dimentional Markov Chain model used in the proposed dynamic channel allocation method is defined
by Equation (1).

Q={(i.j)0<i,j<C,i+j<C} (1)

The steady-state equation for the state (0,0) in the Markov Chain model is given in Equation (2).

P(O»O) = (1/(NNRT/1NRT + Nirdrr ))(P(CNRTaO)ﬂNRT +P(0, CRT)IURT) 2)

The steady-state equation for the i = N NRT MAX ] = 0 state in the proposed Markov Chain model is provided in Equation

Q).

P(NNRT,MAX > 0) = (1/(NRT,MAX / Crr )ﬂNRT )(P(NNRT,MAX —Chrrs 0)((NNRT,MAX = Cygr )/CNRT ) /1NRT) 3)

In Equation (3), NV, rRT.MAx and N NRT,Max Tepresent the maximum number of channels that can be used by RT and NRT

nodes, respectively. They are obtained from Equation (4) given below.

N RT,MAX = LC/ Crr J Crr» N NRT,MAX = LC/ Chrr J Crr 4)

In equation (4), the H operation represents the floor function. The steady-state equation for the state i =0 and

Nyrrax + Cygrr > C in the Markov Chain model is provided in Equation (5).

P(O’ NRT,MAX): (1/(NRT,MAX /CRT)IURT)(P(O’ Nz pax _CRT)(NRT _(NRT,MAX _CRT)/CRT)/IRT) (5)

The steady-state equation for the state N NRT MAX T Cygr £C in the Markov Chain model is given in Equation (6).

P(O, NRT,MAX) = (1/((NRT,MAX /CRT):URT + N gy Angr ))(P(O, Niryax = CRT) ©
(NRT _(NRT,MAX _NRT)/NRT)/q“RT +P(NNRT’NRT,MAX)IUNRT)

The steady-state equations for the states Cygrr <i< Nypr vrax» i+ Cypr € Nyproagay and j =0 in the Markov Chain model

are given in Equation (7).
P(i,O) = (1/((NNRT _i/CNRT)ﬂ’NRT +Nprdgr +(i/CRT )#NRT ))(P(i_ CNRT>0)(NNRT _(i_CNRT)/CNRT)ﬂ’NRT

(7
+P(i+ CNRT,O)((i+ Curr )/CNRT )HNRT)
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The steady-state equation for the states Cygr <i< Nypr yrax s i+ Cyrr > Nygrasax and j =0 in the Markov Chain model

are given in Equation (8).
P(i, O) = (1/((NNRT —i/ Cypr )ANRT * (i/CNRT )ﬂNRT ))(P(’ —Cygrs 0) (NNRT _(i = Nyrr ) ! Crgr )}WRT ®
+P(i +Chprs O)((i +Crr )/CNRT )#NRT )

The steady-state equation for the states i =0 and Cpy < j <N RT.M4x 10 the Markov Chain model is given in Equation (9).

P(Oﬂj):(l/(NNRT/INRT+(NRT_j/CRT)/IRT)+(j/CRT)/‘RT)(P(Oﬂj_CRT)(NRT_(j_CRT)/CRT)/IRT
. ) ) 9
+P(0’J+CRT)((J+CRT)/CRT)IURT+P(CNRT7])/UNRT)

The steady-state equations for the states Cypy SI1<C | Cpp < J<C and C~Cy,, <i+j<C in the Markov Chain model
are given in Equation (10).

P(0,/)= (1/(NNRT/1NRT +(Ngr _j/CRT)/IRT)+(j/CRT)ﬂRT)(P(Oaj—CRT)(NRT _(j_CRT)/CRT)/IRT

(10)
+P(Oaj+CRT)((j+ Crr )/CRT)#RT +P(CNRTJ)#NRT>

The steady-state equations for the states Cypp <1< C, Cpp £ j<C and i+ j<C—Cpp in the Markov Chain model are
given in Equation (11).
P(i,j)= (1/((NNRT ~i/Cyrr ) Anrr +(Nir = 7/ Crr ) Arr +(i/ Curr ) ey +(J/Crr ) gz ))(P(i_CNRTaj)
((NNRT ~(#/Crmr _1)>/1NRT +P(iaj_CRT)(NRT ~(J/Crr _1))/1RT + (11)
P(i, j + Crr )((J +Crr )/CRT )/URT +P(i+ CNRTsj)((i +Cprr )/CNRT )IUNRT )

The steady-state equations for the states Cygp <i<C, Cpp < j<C and C~Cpy <i+j<C~=Cypy in the Markov Chain
model are given in Equation (12).

P(i:j) = (1/((NNRT _i/CNRT)ﬂ’NRT +(j/CRT);uRT +(j/CRT):uRT)(P(i_CNRT7j)

(12)
(NNRT _(i_CNRT )/CNRT)ZNRT +P(i+CNRT’j)((i+CNRT )/CNRT)/uNRT +P(i?j_CRT)<NRT _(j_CRT )/CRT)ZRT)

Since the sum of the probabilities of all states in the Markov Chain model is 1, this condition is expressed by the equation
given in Equation (13).

22 P(ij)=1 (13)

The steady-state probability distribution of a Markov chain model can be readily determined by using the transition rate
matrix and the Gauss-Seidel method [15].

3.3. Simulation Model of The Proposed Channel Allocation Method

The simulation model of the proposed channel allocation method has been implemented by using a Python-based discrete
event simulation framework that enables a precise and detailed analysis of system behavior. The simulation model is utilized
to conduct a comprehensive analysis of the dynamic allocation of spectrum resources and to evaluate quantitatively key
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performance metrics by systematically under varying user arrival rates. In the context of the simulation model, the system
consists of two distinct IoT nodes: real-time and non-real-time. The number of nodes in each category is represented as Ngr
for real-time nodes and Nyzr for non-real-time nodes. In the sample simulation model, the licensed spectrum is divided into
N identical channels. Data transmission is managed by allocating 3 channels to each real-time (RT) node and 1 channel to
each non-real-time (NRT) node. In the simulation model, the total arrival rates of the RT and NRT nodes are evenly
distributed across their respective nodes to balance the load. Therefore, the offered load for each RT and NRT node is
determined by dividing the total network load by the total number of nodes. In the proposed network model, the offered loads
of the RT nodes and NRT nodes are computed by using Equation (14) as follows:

Ar

Ngr + Nygr

(14)

Arr = Angr =

where 4. represents the total offered load of the IoT nodes. The other parameters used in the simulation model are given in
Table 3.

The simulation utilized a fixed set of parameters consistent with the analytical model assumptions for the validation phase.
Specifically:

* Arrival Rate (4): Varied across the x-axis, ranging from 1 to 10.

» Service Rate (u): Held constant at ¢ =2.0 calls/s for both RT and NRT nodes.
*  User Population (N): Set to N = 1000 user for large-scale simulations.

*  Channel (C): Fixed at C =12

It is confirmed that our simulation methodology has been explicitly clarified to ensure full reproducibility. Specifically, each
simulation run processes a minimum of 4x10° call events (arrivals + departures). This high threshold is employed to ensure
that the simulation reliably achieves a stable steady-state and provides a statistically robust horizon for the accurate estimation
of all capacity-centric metrics.

Since the proposed simulation model is based on a standard event-driven simulation methodology, the computational
complexity is primarily determined by the number of events processed and the nature of the event queue.

Complexity: The overall complexity for E events is O(E log E), as each event handling step requires O(log E) time to update
the priority queue (Future Event List).

Execution Time: Using a standard desktop processor (e.g., Intel i7), a typical simulation run for 4x10° events required
approximately 2 minutes to execute. This low complexity ensures the practicality of the simulation approach for larger scale
analyses.

Table 3. Parameters Used in the Simulation Model of the Proposed Channel Allocation Method

Parameter Value
System  Number of channel (C) 12
Number of channel (¢, ) 3
RT Number of RT User () 500
User Mean arrival rate ( Ay ) 0.1—1 call/s
Mean service rate ( 4, ) 1.2 call/s
Number of channel (¢, ) 1
NRT Number of user ( A7, ) 500
User Mean arrival rate ( A, ) 0.1 -1 call/s
Mean service rate ( z,,,, ) 2 call/s
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4. Performance Analysis of The Proposed Channel Allocation Method

In this section, a sample [oT network scenario has been conducted to analyze the performance of the proposed dynamic
channel allocation method, and performance metrics have been obtained. Four key metrics have been adopted for
performance analysis: (1) channel utilization, (2) call blocking probability (CBP), (3) call completion rate (CCR), and (4)
throughput. The performance metrics have been evaluated for increasing offered load values, with the total load being
uniformly and randomly distributed among the IoT nodes in the network.

Channel utilization indicates how efficiently network resources are used and represents the portion of the total channel or
network capacity allocated for data transmission. In other words, it can be defined as the ratio of the number of utilized
channels to the total number of channels in the network [13]. In the proposed network model, the channel utilization for real-
time and non-real-time nodes is given in Equations (15) and (16), respectively.

C C ]
Urr=2, 2 P(i’f)g (15)
i ji+j<C
C C :
Unir =%, X P(ii) g (16)
i ji+j<C

Call Blocking Probability can be defined as the ratio of connection requests that cannot be served and are blocked due to
insufficient network resources to the total number of connection requests [13]. In the proposed network model, the call
blocking probabilities for real-time and non-real-time nodes are given in Equations (17) and (18), respectively.

ZC: i P(iﬂj)(NRT_j/CRT)ﬂ‘RT

i j,C—Cpyp<i+j<C

Py rr = c C a7n
Z Z P(i,j)(Npr =i/ Crr ) Agr
i ji+j<C
c C

Z Z P(i’j)(NNRT_i/CNRT)ﬂ’NRT

i j,C—Cypp<i+j<C

C C
Z Z P(i’j)(NNRT_i/CNRT)ANRT

i ji+j<C

(18)

PB,NRT =

Throughput refers to the total number of connections completed in the network per unit time [14]. In the proposed network
model, the throughputs of real-time and non-real-time nodes are represented by Equation (19) and Equation (20), respectively.

C C
Mer =2, 2, P(i.j)(j/ Cr) tar (19)
i jitj<C
c c
vgr =2, 2, P(i,J)(i/ Cnrr ) tingr (20)
T Jitj<C

The call completion rate can be defined as the ratio of the total number of connections successfully served in the network to
the total number of connection requests [13]. In the proposed network model, the equations for the call completion rates of
real-time and non-real-time nodes are presented in Equations (21) and (22), respectively.

175



Sedat Atmaca, Feyyaz Okul Sakarya University Journal of Computer and Information Sciences 9 (1) 2026, 167-179

C C
_ Z P(iaj)(j/CRT)/uRT
CCRRT _ = IC{,H—jSC (21)
Z Z P(iﬂj)(NRT_j/CRT)ART
i ji+j<C

c cC
Z _ Z P(i’j)(i/CNRT):uNRT
CCRNRT _ . i ji+j<C

C
Z Z P(i’j)(NNRT_i/CNRT)]’NRT
Ji+j<C

i it

(22)

5. Results and Discussion

This section analyzes the performance of the developed dynamic channel allocation method in a proposed IoT network
scenario. Analytical modeling and simulations have been conducted to evaluate the system's performance based on four key
metrics: channel utilization, call blocking probability, call completion rate, and throughput.

The relationship between the call blocking probabilities of RT and NRT nodes and the total offered load is shown in Figure
3, using both analytical and simulation results. As seen from the graphs, the call blocking probabilities increase for both types
of users as the total network load increases. However, the call blocking probabilities of NRT nodes are lower than those of
RT nodes under the same load conditions. This is because RT time nodes require more resources than NRT nodes, making it
more difficult to meet their resource demands within the system. For example, for NRT nodes, the call blocking probability
is 0.0011 when the total load is 2, 0.0178 when the total load is 5, and 0.0889 when the total load is 10. For RT nodes, the
call blocking probability is 0.0060 when the total load is 2, 0.0818 when the total load is 5, and 0.3019 when the total load is
10. It is also seen from the figure that the call blocking probabilities for RT nodes increase more rapidly as the total load
increases.

0.30 4 —— NRT user (Analytical)
—— RT user (Analytical)
O  NRT user (Simulation)
0.254 & RTuser (Simulation)
>
£
B 0.20
Q
e
o
g‘ 0.15 1
~
9}
o
0_3 0.10 A
©
O
0.05 4
0.00

2 4 6 8 10
Total Offered Load (A7, calls/s)

Figure 3. The Call Blocking Probabilities of the RT And NRT Users in the Proposed Network Model

The throughput of real-time and non-real-time IoT nodes in the proposed network model is shown in Figure 4 for increasing
network loads. As seen from the figure, the throughput increases for both real-time and non-real-time nodes as the total
network load increases. According to the results presented in the graphs, there is no significant difference in throughput rates
between real-time and non-real-time nodes until the total load reaches 5. However, when the total load exceeds 5, this
difference becomes more apparent. The reason for this is that as the load increases, the available system resources become
more limited, making it more difficult to allocate sufficient resources to real-time nodes, which have higher resource
demands. Consequently, non-real-time nodes achieve a higher throughput. According to the results, for non-real-time nodes,
the throughput rate is 0.9978 when the total load is 2, 2.4494 when the total load is 5, and 4.5341 when the total load is 10.
For real-time nodes, the throughput is 0.9930 when the total load is 2, 2.2900 when the total load is 5, and 3.4779 when the
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total load is 10. These results indicate that as the load increases, the throughput rate of real-time nodes remains lower than
that of non-real-time nodes.
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Figure 4. The Throughput of the RT And NRT Users in the Proposed Network Model

Figure 5 illustrates the variation in call completion rates of RT and NRT nodes in the sample network scenario with the total
offered load. The graphs in the Figure indicate that as the total load in the system increases, the call completion rate decreases
for both RT and NRT nodes. This demonstrates that as the total load increases, the limited system resources become
insufficient, preventing the network from serving an increasing number of users. Additionally, the call completion rate of
NRT nodes is higher than that of RT nodes. This is because NRT nodes require fewer system resources, making it easier for
them to complete their services. Since RT nodes have higher resource demands and a lower probability of utilizing available
system resources, their call completion rates are lower. According to the results shown in the graphs, for NRT nodes, the call
completion rate is 99.8893% when the total load is 2, 98.2195% when the total load is 5, and 91.0970% when the total load
is 10. For RT nodes, the call completion rate is 99.4029% when the total load is 2, 91.8119% when the total load is 5, and
69.8019% when the total load is 10. These results indicate that the call completion rate for RT nodes decreases more rapidly
than that of NRT nodes as the network's offered load increases.

100 -
95 A
=
o
= 90 A
©
o
S
‘S 85
Qo
Q
§
O 801
©
@)
75 4 —— NRT user (Analytical)
—— RT user (Analytical)
O NRT user (Simulation)
704 & RTuser (Simulation)

2 a 6 8 10
Total Offered Load (A, calls/s)

Figure 5. The Call Completion Rate of the RT And NRT Users in the Proposed Network Model

Figure 6 presents the utilization of RT and NRT nodes in relation to the total offered load, based on both analytical and
simulation results. As shown in the figure, the utilization of NRT nodes is lower than that of RT nodes for all load values.
This is because RT nodes require more channels due to the nature of their data traffic. Additionally, the increase in utilization
for NRT nodes is slower than that for RT nodes as the load increases. For NRT nodes, the utilization rates are 4.1579% at a
total offered load of 2, 10.2061% at a total offered load of 5, and 18.8925% at a total offered load of 10. In contrast, for RT
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nodes, the utilization is 12.41302386% at a total offered load of 2, 28.6255% at a total offered load of 5, and 43.4745% at a
total offered load of 10. These results indicate that RT nodes utilize system resources at a higher rate and take up a larger
portion of the total network capacity.
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Figure 6. Channel Utilization of the RT and NRT Users in the Proposed Network Model
6. Conclusion

This paper introduces the design, modeling, and performance evaluation of a dynamic channel allocation method developed
for IoT systems operating with a finite number of users and heterogencous data traffic. The proposed method is designed to
efficiently manage both real-time and non-real-time data transmissions within an IoT network, ensuring optimal resource
utilization. A 2-dimentional continuous-time Markov chain model was developed to analytically represent the system's
behavior, under varying traffic conditions. Additionally, a discrete event simulation model was implemented by using Python
to further assess the proposed method’s effectiveness in a sample IoT networking environment. The results of the analytical
model were validated by comparing them with those obtained from the simulation model, revealing a significant match in
their outcomes. The performance analysis of the proposed channel allocation method was conducted under a sample network
scenario, where 12 communication channels were available, and a total of 10 users were distributed equally between real-
time and non-real-time traffic types. Under this configuration, the measured throughput values were 3.63 for non-real-time
users and 2.55 for real-time users. Furthermore, at the same network load, the channel utilization rates were observed as
15.16% for non-real-time users and 53.31% for real-time users. These results indicate that the proposed dynamic channel
allocation method significantly enhances performance in IoT applications, particularly by improving the efficient
transmission of heterogeneous data traffic while optimizing network resource usage.
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