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Abstract 
Introduction. Reliable identification of the probabilistic and temporal features of switching nodes is required for assessing 
the quantitative characteristics of software-defined networks. Widely used queuing theory (QT) methods only 
approximately specify and model the processes in an OpenFlow switch and its buffer memory. This results in understated 
and unrealistic performance estimates for the designed network equipment, causing switch buffer overloading and packet 
loss. A different modeling approach can solve this problem. The objective of this paper is to develop and study an 
analytical model for the buffer memory of an OpenFlow switch in an SDN using advanced techniques.  
Materials and Methods. The discrete Laplace-Stieltjes transform was used. Statistical characteristics of packet flows and 
the throughput of communication channels for a given packet loss probability were taken into account. The OpenFlow 
switch buffer memory model was based on the mathematical apparatus of the QT. It was constructed under the assumption 
of recurrence of input data flows with batch arrivals. The model was based on schematic representations of the switch 
structure, its record set, and a graph description of the transmission of network packets leaving the switch. We started 
with schematic representations of the switch structure, its record set, and a graph description of the transmission of 
network packets exiting the switch. Two model assumptions were taken as acceptable: 
− arbitrary distribution of the relationship between the volume of data flows and their service time; 
− discreteness of the distribution of the information flow structure. 
Results. The developed model integrated the probability of packet flow loss, their statistical characteristics, the throughput 
of computing devices, and the multiphase service procedure. When testing the model performance, we assumed that the 
switch load increased from 0.1 to 0.9, and the loss probability — from 10–3 to 10–6. For these metrics, we determined how 
the switch load affected the buffer memory size and latency. In the first case, the minimum value (memory capacity) was 
0.201, the maximum — 10564. In the second, they were 0 and 470 ms, respectively. For simulation modeling, the 
minimum time was 0 ms, the maximum — 2300 ms. The simulation and analytical modeling indicators were close at 
loads below 50% and increased several times at loads above 50%. The indicators increased sharply with loads up to 70%, 
and then increased exponentially.  
Discussion. At low network loads, queues did not overflow, packets were not lost, and linear dependences were maintained. 
At medium and high loads, packet flow processing was described by nonlinear dependences. The results of analytical and 
simulation modeling diverged due to the explosive nature of self-similar network traffic and its approximate description by 
the Pareto distribution. Switch load determined the feasibility of the proposed approach. The model is suitable for designing 
elements of software-defined networks to analyze their resilience under various information impacts. 
Conclusion. The proposed SDN analytical model determined the values and variances of the switch buffer memory size, 
as well as the memory capacity for constructing address flow tables. The solution performance was tested with switch 
loads ranging from 0.1 to 0.9. It is planned to create a model that takes into account request flows from both the external 
network and the server.  
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Аннотация 
Введение. Достоверное выявление вероятностно-временных особенностей узлов коммутации необходимо для 
оценки количественных характеристик программно конфигурируемых сетей. Широко используемые методы тео-
рии массового обслуживания (ТМО) лишь приближенно определяют и моделируют процессы в коммутаторе 
OpenFlow и его буферной памяти. Это ведет к получению заниженных, не реалистичных характеристик проек-
тируемых сетевых устройств, перегрузке буферной памяти коммутаторов и потере сетевых пакетов. Проблему 
может решить иной подход к моделированию. Цель представленной работы — создание и исследование анали-
тической модели буферной памяти OpenFlow коммутатора программно управляемой сети SDN с использованием 
усовершенствованных методов ТМО.  
Материалы и методы. Задействовали аппарат дискретного преобразования Лапласа-Стилтьеса. Учитывались 
статистические характеристики потоков пакетов и пропускная способность каналов связи при заданной вероят-
ности потерь пакетов. Модель буферной памяти коммутатора OpenFlow базируется на математическом аппарате 
ТМО. Его строили в предположении рекуррентности входных потоков данных с групповым поступлением. Ис-
ходили из схематически представленных структур коммутатора, набора его записей и графового описания пере-
дачи выходящих из коммутатора сетевых пакетов. Приняли как допустимые два ограничения модели: 
− произвольное распределение зависимости между объемом потоков данных и временем их обслуживания; 
− дискретность распределения структуры информационных потоков. 
Результаты исследования. Созданная модель интегрирует вероятность потери потоков пакетов, их статистиче-
ские характеристики, пропускную способность вычислительных устройств и процедуру многофазного обслужи-
вания. При проверке работоспособности модели приняли, что загрузка коммутатора увеличивается от 0,1 до 0,9, 
а вероятность потери — от 10–3 до 10–6. Для этих показателей выяснили, как от загрузки коммутатора зависят 
объем буферной памяти и время ожидания. В первом случае минимальное значение (объем памяти) — 0,201, 
максимальное — 10564. Во втором — 0 и 470 мс соответственно. Для имитационного моделирования минимум 
по времени — 0 мс, максимум — 2300 мс. Показатели имитационного и аналитического моделирования близки 
при загрузке менее 50 % и увеличиваются в несколько раз при загрузке более 50 %. Показатели резко возрастают 
с загрузкой до 70 %, а затем кратно увеличиваются. 
Обсуждение. При невысокой сетевой загрузке очереди не переполняются, пакеты не теряются, сохраняются ли-
нейные зависимости. При средней и высокой загрузке обработка потоков пакетов описывается нелинейными за-
висимостями. Результаты аналитического и имитационного моделирования расходятся из-за взрывообразного 
характера самоподобного сетевого трафика и его приближенного описания распределением Парето. Загружен-
ность коммутатора определяет целесообразность применения предложенного подхода. Модель подойдет при 
проектировании элементов программно конфигурируемых сетей для анализа их устойчивости при различных 
информационных воздействиях. 
Заключение. Предложенная аналитическая модель SDN определяет значения и дисперсии объема буферной па-
мяти коммутатора, а также объемы памяти для построения таблиц потоков адресации. Работоспособность реше-
ния проверили при загрузке коммутатора от 0,1 до 0,9. Планируется создать модель, учитывающую потоки заявок 
как из внешней сети, так и от сервера. 

Ключевые слова: совершенствование методов теории массового обслуживания, аналитическая модель 
буферной памяти OpenFlow, потеря сетевых пакетов, имитационное моделирование коммутатора 
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Introduction. Programmable SDN networks and the OpenFlow network device management protocol were created 
to improve automation of modern computer network management and support the specified quality of cloud services, that 
is, for tasks solved by dynamically redistributing network resources between users. One of the core elements of software-
defined networks is the OpenFlow flow switch, and its most important component is the buffer memory. Using an internal 
software pipeline, the switch distributes and balances loads between network links. This provides the flexibility of 
centralized network resource management. 

Quantitative performance evaluation of networks involves identifying the probabilistic and temporal characteristics 
of switching nodes. This is done by widely used queuing theory (QT) methods, which only approximately define and 
model processes in an OpenFlow switch and its buffer memory. This results in underestimated, unrealistic performance 
of the designed network devices, overloading the switch buffer memory, and loss of network packets. To address this 
challenge, a different modeling approach is proposed. This work aims to develop and evaluate an analytical model for 
OpenFlow switch buffer memory in SDN using advanced queueing theory approaches. For this, the discrete  
Laplace-Stieltjes transform (DLT) is used, taking into account the statistical characteristics of packet flows and the 
throughput of communication channels for a given packet loss probability. A similar mathematical model based on the 
classical QT is described in [1], but it does not eliminate the problems that arise due to the approximate description of 
network processes. 

Scientific literature offers design solutions for improving data network elements, demonstrating the importance and 
relevance of the scientific and technical problem being solved. OpenFlow models for switches in software-defined 
networks (SDN) are the subject of works by Raghav S.S., Baskakov A.E., Volkov A.S., Filippov I.A., Nikishin K.I., 
Gurin E.I., Tikhonenko O.M., Gorbunov A.V., Lebedev A.V., Samouylov K.E.., Shalimov I.A., and others. In [2], a 
fairly comprehensive review of network solutions based primarily on classical QT is given. Finite-capacity systems with 
a recurrent input flow, a Markovian service process, and infinite-capacity buffers are studied. The modeling methods are 
based on replacing recurrent arrival flows with simpler ones. The dependence of the volume of requests on the service 
time is assumed to be given or neglected. The probability of packet loss is supposed to be negligible. Such models often 
assume packet loss when the buffer is fully occupied, but this assumption is not always accurate. They also assume 
an unlimited total memory capacity and a well-defined relationship between message volume and service time. Most 
publications lack finite expressions for analyzing switch service quality, taking into account the specifics of buffer 
memory allocation, loss indicators, and load. In these cases, the authors use numerical methods from off-the-shelf 
software packages.  

The scientific novelty of this research lies in the improvement of classical queuing theory methods, which support the 
analysis of systems with arbitrarily distributed arrival and service requests. The practical significance of the results is 
confirmed by two factors. First, an analytical model of the buffer memory of an OpenFlow switch in an SDN network is 
created, allowing for a sufficiently accurate analysis. Second, it opens the possibility of selecting alternative design 
options at the design stage. The efficiency of the proposed model is assessed under simulation. The resulting performance 
metrics provide evaluating the efficiency of an OpenFlow switch in an SDN network. 

Materials and Methods. The incoming SDN network packet flow enters an OpenFlow switch, which extracts 
metadata, checks it against entries in address tables, and determines the forwarding direction. The network operating 
system of the SDN controller distributes the packets into flows configured by the OpenFlow classifier. The OpenFlow 
switch integrates multiple flow tables managed by the central controller through instructions and packet forwarding. The 
SDN controller periodically updates its records of the network structure, load, resources used, and reserves. Accordingly, 
it establishes forwarding rules for all incoming flows, sequentially distributes them to the switch OpenFlow output ports, 
sets new action parameters, and performs distribution or transmission back into the network. This utilizes the switch 
software pipeline, which consists of sequential flow tables. 

Packets not identified in the flow tables are sent to another switch port or forwarded to the controller for field 
modification. The SDN controller generates switch output ports, address tables, and data flow classifiers [3]. 

Much attention is paid to issues of network device management, and ready-made design solutions are available. 
Despite this, new, efficient methods and protocols for network load management are being developed, and network 
management protocols are constantly being refined. The short period of operational experience with SDN networks and 
the lack of systematic testing results for switching equipment on the OpenFlow platform necessitate further research using 
analytical and simulation models. 
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Thus, the switch structural diagram can be represented as a queueing system (QS) with limited memory. Its input 
receives a flow of packets with arbitrary distributions of the number and volume of requests. The operating mode of such 
a system will be stationary if the average number of requests arriving per unit of time does not exceed the maximum 
possible service rate. One of the most challenging tasks is determining the mean values and variances of the switch total 
buffer memory capacity, as well as the memory capacity for constructing flow tables [4]. Assume that there are no packet 
flow queues at the input of a high-performance central control server. In this case, the switch operation in steady-state 
mode can be described by the apparatus of queuing systems with Laplace-Stieltjes transforms. Data distribution and 
processing using a software pipeline is modeled as a multiphase random process [5]. 

The advanced QT method used in this paper allows for the creation of models of numerous real systems, including 
switching ones. It can be reasonably assumed that such systems have stationary characteristics, and that the parameters 
of the input packet flow do not affect the order and time of its processing. We also assume that each flow is characterized 
by a random number of packets, that is, its volume takes only positive discrete values, and this, with a high degree of 
probability, reflects the real situation.  

A switch forwarding pipeline consists of one or more address tables connected in series. Input network traffic, 
described by an arbitrary distribution law, enters the conveyor and is sequentially processed by k address tables. 

It is assumed that the query processing time for each table is random and exponential. The sum of the times of all 
processing stages forms the final service time distribution (the Erlang k distribution). It is known that a k-order Erlang 
flow with parameters (µ, r) can be represented as the sum of r random flows with parameters μi, and the characteristics 
of the system under consideration can be obtained from the characteristics of its constituent elements [6]. Then, the 
stationary probabilities p(i1,…, ir) of the system under consideration: 

 ( ) ( ){ }1
1

.
r

r k k
t

k

p i ,  ,i   lim p i t i
→∞

=

… = =∏   

The structure of the switch record set is shown in Figure 1. 

Flow Table

Header Instructions Counters

Switch
Port

MAC
Src

Eth
type

VLAN
ID

IP
Dst

IP
Port

IP
Src

TCP
Dropt

- forward to port
- forward to controller
- reset
- forward to pipeline

 
Fig. 1. Switch entry set structure 

A simplified structure of an OpenFlow switch is shown in Figure 2. 

Channel 1

Channel 2

Channel m

Message flow 1

Message flow 2

Message flow m

...
Input buffer Processor

Output buffer 
1

Output buffer 
2

Output buffer 
m

...

Output 
channel 1

Output 
channel 2

Output 
channel mMessage flow 

for processing

Processed 
messages 

flow 1, 2, …, m

Ready-to-exit 
messages flow 

1, 2, …, m

Output messages 
flow 1, 2, …, m

...

 
Fig. 2. OpenFlow switch structure 
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The time intervals between packets are random. The input flow is Markovian, but its service time does not obey an 
exponential distribution, that is, the analyzed processing of input flows contains a Markovian component. Therefore, this system 
can be studied using the mathematical apparatus of semi-Markovian processes [7], and the distribution function of the time 
intervals of the process in state i will be an arbitrarily distributed random variable [8]. The intervals between the end of service 
and the next arrival of service requests are subject to the same distribution. We also assume that random packet flows, 

determined by the Erlang distribution function, arrive via m channels with intensities ( )1 ,ia i    ,m=  
1

m

i
i

.    a
=

λ=∑  

For M/G/1/n system, the Laplace-Stieltjes transform of the distribution function of the volume of the serviced  
packet R(x): 

 ( )
( )2

11 .i
i

i

a fl s
g f s f

 
 = − −
 + 

  

Here, gi > 0 — packet reception delay time on the i-th channel, f — distribution parameter, s — complex parameter 
of the Laplace-Stieltjes transform. In this expression, it functions as a multiplier in the exponent and allows finding the 
moments of the distribution of a random variable of any degree. 

Mean value and variance: 

 1 22 3 2
2 2ρ 2 6ρ ,i i i i

i i
i i

a al , l
fg f g f f

= = = =   

where ρi — input channel loading, ( ) ( )2
2 1 2

2 3 2i
i i il  – l      –  .

f
ρ

= ρ  

Then the volume of packet flow is DLT: 

 ( )
( )2

1

1δ 1 .
m

i

ii

a fs
g f s f=

    = − + 
 +   

∏   

Mean values and variance: 

 ( ) ( )2
1 2 1 2

1 1

2 2δ ρ ,    δ δ ρ 3 2ρ .
m m

i i i
i i

f f
= =

= − = −∑ ∑   

We consider that the probability of packet flow loss [9]: 
 ( )Πρ 1 ,R V= −   

where ( ) ( ) ( ) ,
V

o

R V     D V  – x dL x=∫  L(x) = 1 – e–fx — distribution function (DF) of the packet flow volume;  

D(x) = p(δ < x) — DF of the total volume of packet flow δ. 
DF moments R(x): 
 1 1 1 2 2 1 1 2δ φ ,    φ 2φ δ δ ,r r= + = + +   

where φ1 = 1/f — mean packet flow volume; δ1, δ2 — moments of the total volume of packet flow. 
Finding the explicit form of the DF D(x) does not seem possible. In [10], it is shown that when performing calculations, 

this function can be approximated quite accurately by the expression: 

 ( ) ( ) ( )
( )0 0

γ , 
1 .

Γ
p gx

D V p p
p

= + −   

Here, ( ) 1

0

gx
p– –tp, gx     t e dtγ = ∫  — incomplete gamma function; p0 — probability of no service requests;  

Γ(p) = γ(p, ∞) — gamma function; p and g — parameters determined from the condition of equality of the corresponding 
moments of the switch memory volume: 

 
2

1 1
2 2

2 1 2 1
.r rp ,   g

r r r r
= =

− −
  

The numerical values of the DF D(x) are obtained through simulation modeling by standard numerical methods, which 
allow the solution to be reduced to a finite number of arithmetic operations. The results of the simulation modeling are 
virtually identical to the results of the analytical modeling described in this article, demonstrating the validity of the 
developed model. 
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When forming network flows, the following actions are performed [11]. 
1. Identification of the traffic packet flow. 
2. Packet-to-flow classification for the flow being formed. 
3. Formation of network packet flows or transmission of an unidentified packet to the management controller. 
The function of allocating the service time for the input packet flow B(t) = p + (1 – p)(1 – ept), and its DLT [12]: 

 ( ) ( ) ( )1 1
β .

p p p q
q p

p g p g
− +

= + =
+ +

  

Mean service time: 

 ( )1
1β β 0 .p

p
′ −

= − =   

If the system load ρ = aβ1 = a(1 – p)/p, then the DLT service waiting time: 

 ( ) ( )( )
( )

( )( )
( )

1 1
.

1 1
p q p p q

W q
p q a p q p

−ρ + − +
= =

+ − − + −ρ
  

Then the mean value of the waiting time is: ( ) ( )1 0 .
1
pW W

p
′= − =

−ρ
 

The image has the form of rational fraction (An(p))/(Bn(p)). P1, P2,…, Pn — roots of multiplicity r1, r2,…, rn, where 

r1 + r2 + ⋯ + rn = m и ( ) ( ) ( ) ( )1 2
0 21

nr r r
m nB p p – P p – P p – P= β … .This means that the original can be found from 

formula [13]: 

 ( ) ( )
( )

.
pt

n

m

A p e
f t Re s

B p
 

= ∑  
  

  

For simple roots of the denominator P1, P2,…, Pn: 

 ( ) ( )
( )

.n k p t

m k

A P
f t e k

B P
= ∑   

The inversion of the DLT function W(q) is determined by the relation:  

 ( ) ( )( )
( )( )

1
.

1
qtq

W t Re s e
q q p

 −ρ ρ+
= ∑  

+ −ρ  
  

The distribution function of random variable V has the form: 

 ( ) { } ( ) ( )1 μ

0

1 .
t

tV t p V t W t u dU e− −ρ= < = − = −∫   

For the case { } ( ) ( )
( )

00 1 0
1

nn p
p W W

n! –
ρ

> = − =
ρ

, mean value of stationary waiting time: 

 ( )
( ) ( )

2
0

1 2
0

.
μ 1 1 !

n nn pW EW dW t
n

∞ − ρ
= = =

−ρ −∫   

Mean value of stationary service time: 

 ( )
( ) ( )

2
0

1 1 1 2
0

1β .
μ μ 1 ρ 1 !

n nn pV EV tdV t T
n

∞ − ρ
= = = + = +

− −∫   

These random variables are approximated by the DF ( ) ( ) ( )
( )0 01
p,gx

Z x    p      – p
p

γ
= +

Γ
. Here, ( ) 1
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Obviously, the phases of transmission of network packets leaving the switch can be described by the graph (Fig. 3) [14]. 

0 1 2 ... m–1 m ... m+n–1 m+n

λ λ λ λ 

mμ μ 2μ mμ 
 

Fig. 3. QS state and transition graph M/M/m/n 

From [15], the probability of system M/M/m/n being in the state pk is known: 
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Here, ρ = λ/μ — load. 
Accordingly, the probability of the state pm+s is: 

 

1

0

ρ ρ

,  0 ρ .
ρ1

ρ ρ
ρ! ! 1

sm

m s n

k mm

k

m! mp n

m
k mm

m

+

+

=

 
 
 = ≤ ≤

 −  
 + −
−

∑

  

Then the intensity of the output flow is: y = λ – λpm+n = λ∑ pi
m+–1
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According to [16], taking into account lost packets, the output flow intensity: 
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Time spent by packets in the system: 
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Waiting time for packets in the queue: 

 
( )

( )
( )

0 1

0 0
.

μ 1 μ 1

m n
k

k m
k m pNW

m p m p

+

= +
−

= =
− −

∑   

  



Slyusarev GV, et al. Analytical Model of the Buffer Memory of an OpenFlow Switch … 
 

 

ht
tp

s:
//v

es
tn

ik
-d

on
st

u.
ru

  
 

 

Service time: 
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The presented expressions allow deriving the basic characteristics of an OpenFlow switch. In this case, packet flow 
processing and management, as well as interaction with the central network controller are taken into account. Buffer 
memory is considered a shared, dynamically allocated resource and is determined by constraints on the percentage of lost 
packets for a given loss probability. Acceptable model constraints: 

– arbitrary distribution of the relationship between the volume of data flows and their service time; 
– assumed discreteness of the distribution of the structure of information flows. 
Research Results. Thus, as part of this study, a model of an OpenFlow switch is developed to calculate and evaluate 

its buffer memory. Using the mathematical apparatus of semi-Markovian processes and Laplace-Stieltjes transforms, the 
following parameters are defined: 

– packet flow loss probability; 
– their statistical characteristics; 
– computing device throughput. 
Packet flow processing consists of multiple independent sequential phases, and the service time across them is 

exponentially distributed. Therefore, the proposed model is based on a multiphase servicing procedure, in which the 
service time is determined by the n-th order Erlang distribution, and the moments of the distribution functions are found 
using the Laplace-Stieltjes transform. 

Tables 1 and 2 show the results of analytical modeling of the switch buffer memory volume and the dependence of 
the mean service waiting time on the load. In this case, it increases from 0.1 to 0.9. Switch memory capacity is measured 
by the number of mean input packet flows. 

Table 1 
Dependence of Buffer Memory Size on Switch Load 

Probability 
of loss, pп 

Loading switch buffer memory, ρ 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

10–3 0.201 0.307 0.412 0.478 0.617 37.05 69.07 94.36 178.87 

10–4 0.403 0.481 0.521 0.680 2.15 4.31 21.05 232.7 831.3 

10–5 0.762 0.790 0.840 0.932 3.76 7.83 16.07 476.5 983.2 

10–6 0.937 0.951 1.511 1.79 5.07 16.08 87.13 748.1 10564 

Table 2 
Dependence of Mean Waiting Time on Switch Load, ms 

Probability 
of loss, pп 

Loading switch buffer memory, ρ 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

10–4 0.00 0.00 0.00 0.02 0.07 0.17 30 120 470 

10–4 0.00* 0.00* 0.01* 0.04* 0.12* 0.53* 90* 510* 2300* 

Note: * Results of switch simulation are marked. 

The simulation results were obtained using self-similar network traffic described by a Pareto distribution with a 
parameter of 1.5. If the system load is less than 50%, the simulation-based characteristics for the P/G/1 system deviate 
slightly from the mean values obtained in the analytical modeling. At loads exceeding 50%, the values increase several-
fold. The indicators increase sharply as the switch load reaches 70% and increase exponentially if this level is exceeded. 
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Discussion. The results of this scientific work were obtained under the condition that the distribution function of the 
intensity of the packet flow was independent of the phase that processed them, as well as the constant nature of the volume 
of the packet flow. Only in this case the result of the Laplace–Stieltjes transformation was valid for the memory size of 
the switch. 

The main drawback of the results is that the obtained estimates are only reliable at the level of partial distributions. 
The OpenFlow network switch model is built on the assumption of using shared dynamically allocated buffer memory, 
and the considered phases of request flow processing are assumed to be independent. Therefore, the results of the study 
can only be used if the time is equal to: 

– input of a packet flow into the switch memory; 
– its output to the communication channel. 
Such conditions should be considered acceptable, taking into account the capabilities of modern data processing and 

transmission tools. 
The simulation results presented in Tables 1 and 2 are obtained taking into account the specified loss characteristics 

and current network load. At low loads, queues do not overflow, packets are not lost, and linear dependences are 
maintained. At moderate, and specifically high loads, network packet flow processing is described by nonlinear 
dependences. The discrepancy between the analytical and simulation results is due to the explosive nature of self-similar 
network traffic and the rather approximate nature of its description by the Pareto distribution. 

Obviously, the feasibility of using the proposed model is determined by the current switch load. This model can be 
used in the design of network elements of software-defined networks to analyze their resilience to various  
information impacts. 

The results of the presented research for a load of up to 50% are practically identical to the results obtained within the 
framework of classical methods of queuing theory [5]. Critical losses of input packet flows start at a switch load of 50%. 
A further increase in load is not considered; therefore, neither the behavior nor the stability of the system under higher 
loads are assessed. 

The performance level of the proposed model corresponds to the known results of simulation modeling using self-
similar network traffic described by the Pareto distribution. 

Conclusion 
1. An analytical model of the OpenFlow buffer memory of a software-defined network (SDN) switch was developed 

to determine: 
– mean values and variance of the switch total buffer memory; 
– memory volumes for constructing address flow tables.  
2. Analytical expressions were obtained to determine the following characteristics of the quality of service of a 

software-defined network switch: 
– output packet flow rate, taking into account losses; 
– packet sojourn time in the system; 
– packet waiting time in the queue; 
– service time; 
– dependence of the buffer memory size and the average service waiting time on the load. 
3. The model performance was confirmed by a comparison of the results of analytical and simulation modeling when 

the switch load varied from 0.1 to 0.9. 
4. The model allows testing SDN networks without using physical equipment to justify switch parameters taking into 

account its environment. 
It is expected that the next article, devoted to the development of a model for the functioning of an SDN switch, will 

take into account the flow of requests both from the external network and from the management controller (server). 
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