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Due to various recent improvements in cellular technology, communication
networks now offer information flows with a wide range of transmission speed
and service quality characteristics. These characteristics are more highly
noticeable in intelligent networks, particularly when loT technology is used.
Regulation and high-quality transmission of such massive volumes of data
present severe issues among virtual operators engaged in the communica-
tions sector and utilizing cellular network infrastructure to provide video sur-
veillance services for its consumers. Unfortunately, no single approach exists
that enables the execution of high-quality incoming traffic flow maintenance
and the allocation of information transmission resources in diverse networks.
One of the methods to address these issues is mathematical modelling, which
takes into consideration the unique characteristics of traffic flows that
emerge and are approved for servicing. Our work addresses this problem by
designing a resource allocation strategy for an isolated LTE network cell with
heterogeneous traffic flows while sharing its radio resources. Traffic sources
considered are operator surveillance system's video cameras that use cellular
network infrastructure to deliver data to analytical centers. A mathematical
model is used to study the process of sharing a resource, which takes into con-
sideration the priority of real-time traffic, the elasticity property during file
transfer, and the access restriction for all threads, based on the quantity of
resource held by each thread. When sharing the resources of an isolated LTE
network cell with heterogeneous traffic flows. Traffic sources are surveillance
system operators' video cameras that use cellular network infrastructure to
deliver data to analysis centers. Algorithms for evaluating the characteristics
of the service of applications are constructed and the dependence of the char-
acteristics on the restriction of access is investigated. Using the developed
model, a scenario of dynamic distribution of the access node resource
between incoming sessions has been developed, which allows creating condi-
tions for differentiated servicing of heterogeneous traffic flows based on
access restrictions and resource loading by each of the considered flows.
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I. Introduction

Our communities have gone through numerous stages of
growth and have seen breakthroughs in several socioeconomic ar-
eas during the last two decades. Although these advancements
have helped to improve our everyday lives, they have also intro-
duced numerous complications into our lives, particularly in terms
of safety and security. Security systems are now an integral part
of daily life and are used in a variety of public and private settings,
including airports, train stations, public parks, offices, and traffic
signals. These security measures not only protect people from harm
but also detect and document criminal activity. Video surveillance,
which successfully enables real-time monitoring and recoding of
actions, is thus a crucial part of modern security systems.

With the advent of IoT, smart video surveillance systems
(VSS) are gaining popularity over traditional surveillance sys-
tems. Human resources are necessary to continually monitor and
watch the numerous actions in these traditional surveillance sys-
tems, which makes them costly and less trustworthy owing to po-
tential human mistakes. Modern automated and smart surveillance
systems, on the other hand, require little human intervention, and
their high-quality cameras are integrated with various types of
smart sensors to provide better applications such as motion detec-
tion, event prediction, real-time tracking, facial recognition, and
so on. Millions of cameras are deployed in various places through-
out the world to enhance these surveillance systems in order to
provide security and aid in society management [1,2].

Cameras in video surveillance systems capture and collect
large volumes of data every day, which is then analyzed to extract
various sorts of information. The majority of the data gathered is
video feeds, which are recorded by several smart cameras to mon-
itor criminal actions in detail and enabling monitoring over a large
region [3]. Hence, security and surveillance are crucial in smart
environments and account for a significant portion of the Internet
of Things, distributed video-based surveillance has a vital role to
play in gathering visual data (videos and images) for monitoring
and surveillance applications linked to IoT network systems.

Smart or intelligent surveillance combines sensing (smart me-
ters, actuators, and sensors) with video processing to deliver pre-
cise and accurate findings based on heterogeneous data streams.
Consider the following scenario: smart meters or sensors installed
on railway lines indicate that a train is speeding, which may be
quickly equated or cross-verified with video information. This
will be a key component of the smart IoT ecosystem, and 5G pro-
vides frameworks for combining two or more heterogeneous large
data streams for accurate decision making [4,5].

However, while collecting such a large amount of heterogene-
ous big data, resource management and scheduling are the key
challenges [6-9]. Supporting video via wireless networks takes a
substantial amount of resources. Such services are anticipated to
be in high demand and given priority. Research is thus required to
determine how to effectively use the existing radio resources for
the transmission of video content. Therefore, a framework for tak-
ing wireless video transmission into account holistically is needed,
notably in surveillance and monitoring systems.

The problem can be resolved using teletraffic theory models
and methodologies as well as the built-in capabilities of the mech-
anisms for controlling the process of servicing communication
sessions in contemporary wireless multiservice access nodes. Fur-
ther, the network needs to evolve from a physical connecting me-
dium into an intelligent technological object capable of offering
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an infinite number of services. There are many research works
dedicated to address this issue but these works are either partial or
do not consider various essential characteristics required for ser-
vicing of heterogenous traffic. For example, research conducted
by [10], the process of joint servicing in the wireless access node
of the application flow of LTE subscribers and IoT devices was
considered, but the possibilities of joint servicing of several mul-
timedia traffic streams and elastic properties of data traffic were
not considered. In the works of [11] and [12], the process of shar-
ing an access node resource when servicing multiple elastic traffic
flows was investigated, but the possibility of participating in the
servicing of real-time traffic flows was not considered. In other
works, the task of creating conditions for differentiated servicing
of multimedia traffic in a wireless access node was only partially
solved. Thus, it seems relevant to study the possibilities of creating
conditions for differentiated service in a wireless node of hetero-
geneous traffic, which is a mixture of several streams of real-time
priority traffic and elastic data flow, using access restrictions for
all types of communication sessions.

In this context, our work in this paper is dedicated to solve this
issue by establishing an analytical framework for modeling the re-
source sharing process for an operator who intends to design and
implement an observation system. This observation system is a
WMSN (wireless multimedia sensor networks) implementation
that comprises of two types of video cameras. One area is devoted
to the recording and production of high-quality HD videos, which
are utilized for real-time monitoring. While another type of cam-
era produces low-quality (low-rated) movies that are delivered as
files in the system, these videos can be utilized for Videos on De-
mand (VoD) or video analysis.

II. Heterogenous Networks

The paradigm is changing as 5G wireless technology and the
Internet of Things (IoT) are flourishing, and more smarter net-
works are being implemented. These intelligent networks are de-
cision-making systems that emerged from human intervention
systems (for example, communication systems between individu-
als) and now dominate human activity in a variety of industries,
including healthcare, finance, security, and surveillance [13].

However, it is a huge paradigm shift for the operators, who are
exploring new ways to provide differentiated services and handle
massive volumes of data originating from these networks. Hetero-
geneous networks are networks that deal with diverse and complex
data flows "Big data" and operate in a way that provides improved
capacity and coverage over traditional homogeneous networks. Be-
cause of the existence of varied heterogenous data (e.g. Elastic and
Real-time) scheduling in these networks is considered complicated
yet critical as compared to homogenous networks [ 14-20]. Thus, de-
velopment of an ideal scheduler to supervise complex diverse traffic
and efficient resource management is very crucial.

Scheduling scenarios for heterogeneous networks are different
from those for homogeneous networks because they must handle het-
erogeneous traffic. To ensure optimal throughput and QoS provision
for heterogeneous networks, this is a crucial and difficult issue.

This challenge is brought on by the various demands for vari-
ous heterogeneous traffic flows. Although the high-band cellular
systems in use today (3G/4G) can manage heterogencous traffic,
the exponential rise of data over time has made this challenging.
Furthermore, it is proving challenging for these technologies
(LTE, LTE-A) to satisfy both individual expectations and the QoS
requirements of new emerging applications.
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Heterogeneous networks favour the SC-FDMA approach for
uplink transmission since it has a larger PRAP. However, due to
the heterogeneity in traffic created by the latest applications, par-
ticularly with the rise of IoT and smart environments, uplink
scheduling in heterogeneous networks remains a difficult prob-
lem. The two traffic challenges in homogeneous networks (Elastic
traffic and traffic with QoS requirements) have been widely ex-
plored, while heterogeneous traffic (e.g. a combination of Elastic
and Real-time) within heterogeneous networks is currently being
evaluated and researched. Scheduling is challenging in such net-
works for three reasons: fluctuating channel quality over time ow-
ing to stochastic fading effects, "starvation" of poor users (if only
users with excellent channel quality are picked), and dealing with
applications with varying QoS needs [21].

Network slicing (NS) procedure is considered one of the key
solutions to address the issue of RRM in heterogenous networks,
where an underlying physical network is divided in virtual seg-
ments known as slices. Although the NS idea was originally pre-
sented and used in 5G cellular networks, it should be emphasized
that this method is equally applicable in LTE and LTE-A net-
works. In our analysis, which is intended for an observation sur-
veillance system, NS is used to differentiate multiple heterogene-
ous traffic flows and handle these flows separately through seg-
mentation of the underlying physical network. The technique is
performed in such a way that a separate LTE cell with a base sta-
tion in the center handles the operation of resource sharing.

III. Video Survillance Systems

With the emergence of IoT, smart video surveillance systems
(VSS) are overtaking traditional surveillance systems in demand.
To improve these VSS and provide security and aid in society
management, millions upon millions of cameras are deployed
throughout the world's cities [23,23]. Typically, a video surveil-
lance system consists of three primary parts. These include net-
work (analog, digital, or wireless), analytics, and monitoring
(cameras, sensors, etc). (behavior analysis, tracking, motion de-
tection, facial recognition etc.). As an illustration, the acquisition
component (which aids in obtaining pictures from high- or low-
quality cameras), the processing section (or switching part), and
the Pan-Tilt-Zoom or PTZ control (its function is to control the
positions of the deployed cameras via PTZ functionality).

Analog VSS, digital VSS, and network VSS are the three types
of video surveillance systems that may link to analytics (main-
frame) in different ways. In analog VSS, coaxial cables are used
for shorter-distance transmission of captured and recorded data
(images and videos), and optical fibers are utilized for longer-dis-
tance transmission. The use of existing LAN and internet infra-
structures for the transmission and interchange of digital infor-
mation (digital image and video files) between devices and ana-
lytics is made possible by the IP network used to connect video
cameras to a video server in digital VSS [24]. But nowadays wire-
less sensor networks (WSN) are more recognized for their capa-
bilities.

WSNss are consists of numerous nodes, these nodes are outfit-
ted with sensors (for temperature, pressure, noises, motion, etc.)
to monitor their internal operations and collect a variety of infor-
mation. The information is subsequently transmitted to analytics
through BSs. These WANs have been developed further to be-
come WMSNSs (wireless multimedia sensor networks), which in-
corporate a system made up of video cameras and smart sensors

to work together to collect more precise data and also offer real-
time visual monitoring. A large video sensor network called
WMSN is made up of many video nodes that are outfitted with
cameras, sensors, and transceivers to gather both scalar and audi-
ovisual data and transfer it across BSs to analytical centers. As a
result, these systems have applicability in a variety of settings, in-
cluding airports, hospitals, businesses, and public parks etc. to
heighten security and safety against potential threats.

But as discussed earlier, the main challenge is RRM and to
address this we create an analytical framework for modeling the
resource sharing process for an operator aiming to design and use
an Observation surveillance system (OSS). Our OSS, which com-
prises of two different sorts of video cameras, is an implementa-
tion of WMSN. High definition videos are produced and captured
in one category specifically for real-time monitoring.

While some cameras create low-quality (low-rated) movies
that may be utilized for Videos on Demand (VoD) or video anal-
ysis, others produce that are communicated as files in the OSS.
The video footage gathered by the cameras can be either low def-
inition (poor quality) videos that can be used for Video on De-
mand (VoD) and are sent as files over the network, or 720p HD
videos with a resolution of 1280 x 720 pixels (px) that can be used
for real-time surveillance. The HD videos are encoded using a
Main profile encoder at 3.1 Level and run at 30 frames per second
while using the H.264/AVC codec. These videos' bitrates, which
vary from 500 kbps to 1 MB/s, provide the optimal bandwidth and
quality trade-offs. The overall amount of bandwidth needed is equal
to the total amount of data that each equipped camera transmits.

We assume a single LTE cell with a base station (BS) in the
cell's center point that is in charge of managing the resource shar-
ing procedure in order to implement OSS. For serving traffic
streams produced by HD security cameras and low-quality cam-
eras computed in units of the lowest granularity, network slicing
(NS) provides the number of radio resources of an LTE cell that
are accessible in the uplink (UL) direction [25].

A single common underlying infrastructure may be physically
divided using NS methods to create independent, specialized net-
work components for a variety of services and needs. The traffic
generated by the two types of UEs (Video cameras) is categorized
based on quality, bitrate, QoS requirements, and intended use. The
model also uses an access control mechanism to provide circum-
stances for differential servicing of incoming data. There are two
classes of traffic flows; one is referred as "Light" traffic (video data
from low-quality video camera equipment). while other class of
traffic flows is referred to as "Heavy" traffic (real-time high-quality
video traffic). Figure 1 depicts the basic representation of OSS.

IV. Description Of Mathematical Model

The total available resources for the given cell in uplink (UP)
are given by network slicing (NS) for servicing the real-time traf-
fic arriving from surveillance video cameras and elastic traffic of
telemetric devices. For the convenience of modeling, we introduce
the concept of a virtual resource unit “r.u.”. The information trans-
fer rate provided by one resource unit is assumed to be equal to
the minimum information transfer rate requirement from coming
requests. Then parameter v is used to denote total number of re-
sources expressed in resource units, while transmission speed of-
fered by one unit is denoted by r. Basic structure of the model and
the incoming real-time and elastic traffic flows which are to ser-
viced is shown in Figure 1.
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Figure 1. The functional model of resource sharing between “Heavy”
and “Light” video traffic streams

If we consider real-time traffic originating from the surveil-
lance cameras is varying in quality, then the corresponding real-
time sessions created are varying by volume.

Based on this we consider having n types of sessions, where
real-time sessions of type k arrive according to poissonian flow of
intensity, denoted by A;. In order to get service, each session
needs by resource units and each session occupies assigned re-
source for random amount of time having exponential distribution
with parameter y;, whilek=1,...,n.

The requests for elastic data (e.g. files) transmission arrive ac-
cording to poissonian flow with an intensity of A,. Let’s assume
i denotes the number resource units engaged by real-time traffic
and the number of files that are being serviced in the system is
denoted by d. If a request for file transmission follows i +d <\,
then it’s accepted for servicing. Let’s suppose that volume of file
to be transmitted is exponentially distributed with mean value of
F bits. Then it can be assumed, that servicing time of one request
for data transmission with at least one resource unit has an expo-
nential distribution with parameter uy =r / F. Real-time traffic re-
quests have priority over elastic traffic requests. On the arrival of
this type requests, if there are no available resource units, data
transmission rate is reduced (if possible) to release required num-
ber resource units. The number of resource units required for ser-
vicing a request for data transmission can be reduced only by one
unit.

To create conditions for differentiated servicing access control
for resource sharing is used. For k™ flow of real-time traffic ses-
sions, parameter v, denotes the maximum number of allowed re-
source units for its simultaneous usage. If v, = v, then incoming
sessions of k™ flow can use any free available resource units for
servicing. Similarly, for elastic traffic sessions v, denotes the
maximum number of allowed resource units that can be used by it
at the same time. If v; = v, then incoming sessions of k! flow of
elastic traffic can use any free available resource units for servic-
ing. Further, ¢, represents maximum number of allowed real-time
sessions of k! flow that can be served simultaneously. The math-
ematical model for resource sharing between real-time and elastic
data flows is shown in Figure 2.
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Figure 2. The mathematical model for resource sharing between
real-time and elastic traffic flows

Let’s denote by i, (t) the number of real-time sessions for k™
flow being on service at time t and by d(t) we denote number of
sessions of elastic traffic being on service at time t. The dynamic
changes in the states of the model are described by Markov pro-

cess r(t)=(i(t),...,i,(t),d(t)), defined on the finite set of
model’s states S. Let’s denote by (ij,...,1,,d) the state of r(t).
The vector (il,..., in,d) belongs to S when iy, k= 1,...,n, d var-
ies as follows: 0<i, <¢, k=L..,n; d<vg; ib +..+i 0 +d<v.
Also, let’s denote by P(i;,...,1,,d) the value of stationary
probability of state  (i,,...,1,,0) € S.
Let’s suppose that the values of P (i,...,1.,d) are known

and define the main performance measures of the model. For k™
flow of real time sessions they are: m, - the ratio of lost sessions,
my, — the mean number of occupied r.u. For elastic sessions they
are: , — the ratio of lost sessions, y,; - the mean number of elastic
sessions that are in service, I; — intensity of the termination of the
elastic data transfer sessions, k; — average number of resource
units used when transmitting elastic data, T; — average service
time of elastic session. Formal definitions of introduced perfor-
mance measures are as follows:

.= >
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To find the introduced performance measures it is necessary to
compose and solve the system of state equations. The analysis of
numerical methods for solving, showed that the most effective
way to solve it is the Gauss-Seidel algorithm.

The numerical data produced by the model shows that when
heterogeneous traffic is served by a shared resource, it is uncon-
trollably redistributed in favor of "Light" traffic (in our model it
has been considered as elastic traffic). If conditions are made for
differentiated servicing of incoming information flows, the nega-
tive effects of this phenomena may be eliminated. Utilizing either
static or dynamic slicing will accomplish this. In a static scenario,
the available resource is partitioned into slices by incoming
streams. The size of the slices is determined by the needs of the
communication sessions in relation to the quality of service pa-
rameters. For a dynamic scenario, the allocation of a resource in
common pool to an incoming request depends on the load of the
resource by the communication sessions of the flow under consid-
eration. If the set limit is exceeded, the incoming application is
refused, even if a free resource is available.

To evaluate the characteristics of real-time session servicing in
a separate slice, it is enough to put A; = 0. The values of charac-
teristics can be calculated by an effective recursive algorithm
based on convolution of vectors of individual distributions of the
probability of resource occupancy [26].

Let us introduce vectors P, with components P, = (P, (0),
P, (1),..., Py(ck by )), where Py (i), is the unnormalized probability
of i resource units being occupied when the resource is individu-
ally used by requests of the k™ flow. Let's put P, (0) = 1.

Then

L _lak
RO=1 7
05

':'kk% i, =0,L..,C,
otherwise

Let us denote by p(i) the stationary probability of occupancy
of i resource units of the node to service incoming requests. From
the multiplicativity property and the definition of p(i) it follows

0(i) = Iil [R®R,®..0R, i

Where N is the normalization constant.

Denoting by PO =p, ® P, ® ... ® P, is the vector result-
ing from the convolution of the first | vectors Py = 1,...,l. When
performing the last convolution, the unnormalized values of the
characteristics of the n" stream are found as 7, = T+ T q, and
my, = a,b, (1 —m,), where

v R
= . _ _) .
= X Pi;  z,=Pch) ¥ P"Vi-ch).
i=v- +1 i-c.by,
The true values of m,,, m, and p(i) are found after calculating

the normalization constant N = Z}’:O P(i) and subsequent normal-

ization. To estimate the characteristics of all n flows, it is neces-
sary to repeat the convolution of the vectors of individual distri-
butions n times. The total number of convolution are n(n-1).

This value can be reduced to 4n — 6 if convolutions are carried
out in a certain sequence and the results of intermediate calcula-
tions are memorized.

To evaluate the service characteristics of elastic traffic trans-
mission sessions in a separate slice, we can use the generalized
access node model, by putting 4; = . . . 4, = 0. It shows that file
servicing indicators are estimated using the characteristics of the
M/ M/ 1+ w model, where 1 +w is the maximum possible num-
ber of files that can be transferred simultaneously in a slice.

V. Access Node Information Transmission Resource
Planning

The model of a node with limited access and algorithms for eval-
uating the service indicators of incoming applications obtained in
the earlier section can be used to analyze the dependence of the
characteristics of the quality of service of incoming applications on
the parameters of emerging information flows and conditions of ac-
cess of applications to the occupation of the resource and to select
the access level in order to create an advantage in the quality of ser-
vice for individual information flows. Here is an example of the de-
pendence of the service characteristics of incoming requests for es-
tablishing communication sessions on access conditions.

Figure 3, shows the values of the percentage of lost requests
depending on the access value found for the node model with the
following input parameter values: V=200 r.u.; N =4; b, =k r.u.;

vp
ap= b, Erl: P =1,v,=d, k=1,2,3,4; d=50...100r.

The value of P - loading a resource unit with potential traffic

ro=(aq by +a; b, +az b; +a, b, )/ V. The values of the char-
acteristics are calculated using the convolution algorithm.

0.25

02_\

T,
0.15 \—\—\/\/\_,-“\—:—\.__._
_\_\_\ 3
0.1
T
T
0.05

50 56 60 66 70 75 80 85 a0 495 100

Loss of requests

Access restriction, d

Figure 3. Dependence of real-time traffic session losses
on access conditions

The findings of the computations shown in Figure 4 reveal that
for small d, the values of 7 depend non-linearly on the change in
d (because of the integer character by). It can be seen, as value of
d increases, there is decrease in the request losses and quickly con-
verge to the limit values obtained at d = v. Simultaneously, the
difference in the values of losses in the presence of an access re-
striction and without the use of an access restriction can reach sev-
eral times. Thus, by reducing or increasing the access of applica-
tions to the resource, it is possible to reduce or increase their ser-
vice advantage. The marked property will be further used to create
a service advantage for real-time traffic.
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Here is another example of using access restrictions to create
conditions for differentiated servicing of incoming flows of heter-
ogeneous traffic. Let’s consider the access node model with fol-
lowing parameters:

v=200ru;n=3;b;=1ru;b,=10ru.; b;=20r.u,;

A= Vp Erl; p=1; w=vru;k=1,2,3.
nb,

The value of p —is loading a unit of resource.

Depending on the requirements for individual flow transfer rates
and the amount of resource utilized to serve incoming requests, Fig-
ure 4 depicts the percentage of lost requests. The given data shows
that in the absence of access restriction, the loss values are strongly
influenced by bx. It shows higher the by value, the higher the 7
losses. It is concluded that 282 r.u. is required to provide QoS with
loss not exceeding 0.05. By varying the access value, it is possible
to equalize the losses zx. We choose access restrictions based on the

following expressions: V,=|vx 027, v,=|vx047], V,=V

The rest of the model parameters remained unchanged. Figure 5,
depicts the percentage of requests that are lost based on the require-
ments for particular flow transfer rates and the amount of resource
utilized to handle incoming requests.

From the presented data, we can witness that the presence of
access restrictions equalizes the values of 7 losses, thereby creat-
ing the same conditions for servicing incoming orders. We also
note the non-linear character of the dependence of 7k on v. This
attribute is associated with the usage of the access restriction and
the value by. To ensure QoS with losses not exceeding 0.05,
smaller number of channels i.e. 278 r.u. is required.

The numerical study revealed that when servicing data in real-
time sessions, the use of dynamic slicing reduces losses by 1-2%
in differentiated services aimed at equalizing session losses on a
fixed amount of resource, and by 2-5% in the amount of resource
required to provide the required level of session losses, when com-
pared to static slicing for the same purposes. The efficiency of dy-
namic slicing is substantially higher when providing data on the
basis of elastic traffic sessions, i.e. when employing the Processor
Sharing discipline. Its use can reduce losses by up to two times in
the case of differentiated services aimed at leveling session losses
on a fixed amount of resource, and it can reduce the requirement
for the volume of a resource that provides the required level of
session losses by 10-15% when compared to static slicing.

0.4 4
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Figure 4. Dependence of the loss of real-time traffic transmission
sessions on the transmission speed requirements
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Comparison of static and dynamic scenarios is considered for
the model of serving two streams of "heavy" and "light" traffic
sessions with the following parameters: v = 200 r.u.; transmission
rate that is provided by one resource unit is 1 r.u. = r = 100 kbit/s;
b, = 10 ru.; F = 100 kbit; /gy = 10 s; Vpg=1s;v; =V;
A1 =200u, / 2b, requests per unit of time; A; = 2001,/ 2 requests
per unit of time. Thus, one session of "heavy" traffic requires a
transmission rate of 1 Mbit/s, and one session of "heavy" traffic is
served at a rate of 1 r.u =r = 100 kbit/s. The unit of time is the
average time of file transfer using the capabilities of one unit of
the resource.

So, if we even out the losses at the 0.03 level using dynamic
slicing, we may determine how much resource is required by uti-
lizing elaborated in model and derived methods of its performance
measures estimate. Figure 6, shows the results of the loss calcula-
tion. When access is limited to sessions of "light" traffic at the
level of v d = 61 r.u. on the shared resource of size v =218 r.u.,
the losses become equivalent to around 0.03. Using the static sit-
uation, serving real-time traffic costs 160 r.u. while serving elastic
traffic requires 97 r.u. Thus, using access restriction leads in a sav-
ings of 39 r.u., or 15%.

0.2

Losses are equalized by access
T restriction at the level of 0.03 on
1 the share v =218 r.u.
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Figure 6. Using dynamic slicing to equalize the losses of sessions
of “heavy” and “light” traffic at the level of 0.03
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VI. Conclusion

In contrast to previously developed models, a generalized
model of the establishment and maintenance of communication
session flows of a wireless access node has been created with re-
spect to an observation surveillance system. This model allows for
the joint influence of the primary significant factors determining
the joint transmission of traffic of modern communication appli-
cations. There are several of them, including: the presence of pri-
ority for real-time traffic; using the Processor Sharing discipline
when transmitting elastic traffic; access restrictions for all types
of communication sessions depending on the resource loading by
the communication sessions of the stream in question.

A scenario for the dynamic distribution of the access node re-
source between incoming sessions has been developed using the
designed model, allowing for the creation of conditions for differ-
entiated maintenance of heterogeneous traffic flows based on ac-
cess restrictions based on the resource loading by the communica-
tion sessions of the concerned stream.

The conducted numerical study shows that the service of het-
erogeneous traffic by a common resource leads to its uncontrolled
redistribution in favor of “light” traffic. It is possible to eliminate
the negative consequences of this phenomenon if conditions are
created for differentiated servicing of incoming information flows.
This may be accomplished by either the static or dynamic slicing
options. In the first case, the available resource is divided between
the incoming flows in a certain proportion, depending on the re-
quirements of the communication sessions to the QoS indicators.
While in the case second, the allocation of the resource is carried
out on a dynamic basis and depends on its load by each of the
served threads.
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NMIAHNPOBAHUE PECYPCA CUCTEM TEJIEHABJIIOOAEHWA NMPU HAJIMYUN KOHTPOJIA AOCTYIA,
OCHOBAHHOIO HA OBbEME PECYPCA 3AHLTOIOo NOTOKAMU TPADUKA

AHOpabu Ymap Mykxmap, Mockosckuli pusuko-mexHuyeckuti uHcmumym (2ocydapcmeerHsiti yHueepcumem), Mocksa, Poccus.
KaHuw,eea Mapzapuma, Mockosckuti TexHuueckuli YHueepcumem Cessu u MHgpopmamuku (MTYCU), Mockea, Poccus.
CmenaHoe Cepzeii Hukonaesuy4, Mockosckuii TexHuueckut YHusepcumem Cessu u MHgpopmamuku (MTYCH), Mocksa, Poccus

AHHOTauuA

Brnaropaps HeflaBHUM JOCTWXKEHUAM B OGNIACTU COTOBbIX TEXHOJNIOMUM B CETAX CBA3M OBCAY»KMBAtOTCA MHGOPMALMOHHbIE MOTOKU C CaMbIMM
pasHoobpasHbiMM TpebGOBaHUAMM K CKOPOCTU Nepedadn U nokasateniaM kavecta obcnyxmBaHua. OcobeHHO APKO NepeyncrieHHble CBOMCT-
Ba MPOABNAIOT CeBA B MHTENNEKTYasbHbIX CETAX, B YaCTHOCTU MPU MUCMOMb30BaHWUK TexHonorun loT. PerynupoBaHue v KadecTBeHHas nepe-
Jaya TaKMX OrpOMHbIX OGBEMOB [aHHbIX BbI3bIBAET CEPbE3HbIE OMACEHUs Y BUPTYaslbHbIX OMEPaTOPOB, MPEACTaBEHHbIX HA PbIHKE CBA3U, U
UCMOSb3YHOLLMX UHPPACTPYKTYPY COTOBBIX CETE AJ11 OpraHM3aLumnM CEpBUCOB BUAEOHAONOAEHWM Ans cBoux knneHToB. K coxaneHuto, He
CyLLIECTBYET eAMHON METOAOIONMU, MO3BOJAOLLIEN PeasI30BaTh KAHECTBEHHOE OBCTY>KMBAHNUA MOCTYNAOLLMX NOTOKOB TpaduKa 1 pacnpese-
neHue pecypca nepefain HdopMaLumn B reteporeHHbix cetax. OgHUM 13 cnocoboB pelleHUs NepevncsieHHbIX 3ajad ABMAETCA MaTeMaTty-
Yyeckoe MOZENIMPOBaHME, YHUTbIBatOLLIEE OCOBEHHOCTN TPAHCMOPTHbIX MOTOKOB, BO3HUKAIOLLMX U MPUHUMAEMbIX A O6Cy>XMUBaHUA. HTO6bI
pelunTb 3Ty npobneMy, B paboTe NOCTpOEHa CTpaTerus pacripefenieHns pecypca npyu COBMECTHOM UCMOsb30BaHUM peCypca U30NMPOBaHHOM
cotbl cet LTE notokamu reteporeHHoro Tpaduka. MctouHmkamm tpaduka ABRAOTCA BUAEOKaMEpbl OnepaTopa CUMCTEM HabMOAeHUM, mc-
Nosb3yHOLLEro UHPPACTPYKTYPY CETU COTOBOM CBA3W ANA NEPEAaym MomyyeHHbIX AaHHbIX B aHanUTMYeckue LeHTpbl. Mpouecc coBMecTHOro
MCMOJb30BaHUA PECypca aHaNM3UPYETCA C MOMOLLIO MAaTEMATUHECKOW MOZENU, B KOTOPOM YYUTBLIBAETCA HaNM4Me NpUopuTeTa y Tpaduka pe-
a/IbHOro BpeMeHW, CBOWCTBO 3MaCTUHHOCTM NpU nepeaade hainos u orpaHNYeHne AOCTYNa AA BCEX NMOTOKOB, 3aBUCALLEe OT obbeMa pe-
CYpCa, 3aHATOro KaXKAbIM NOTOKOM. [OCTPOEHbI aNropUTMbl OLIEHKU XapaKTEPUCTUK OBCY>KMBAHWA 3aABOK U UCCIeOBaHa 3aBUCMMOCTb Xa-
PaKTEpUCTUK OT orpaHuyeHus goctynas. C ucnosb3oBaHMeM paspaboTaHHOM Mofenu paspaboTaH CLieHapuii AMHAMUYECKOro pacnpeaeneHus
pecypca y3na AOoCTyna MeXzy BXOAALLMMU CeaHCaMu, MO3BONAOLLMI co3aBaTh ycnoBua ana AuddepeHLMpOBaHHOrO O0BCyKMBaHUA pas-
HOPOZAHbIX MOTOKOB Tpadvka Ha OCHOBE OFPaHUYEHUI JOCTYMNa, OCHOBAHHbIX Ha 3arpy3Ke pecypca KaXAbIM U3 pacCMaTpUMBAEMbIX MOTOKOB.

Knro4deenie cnoea: ynpasneHune paguopecypcamu (RRM), notoku Buaeotpadmka, IoT, cermeHTupoBaHne cetu (NS),
orneparop cuctemM HabJito[eHU, KOHTPO/Ib AOCTYIa.
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