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Today, the internet network is in a base to almost any social, educational or economic activity, a true 

value creator that reshapes the economy and society. In the future, the IP based networks will be even more 
essential for society and economy worldwide. The internet network should provide better services and 
greater involvement and participation. It is essential that the next generation internet will be designed for 
humans, so that it can meet its full potential for both the society and the economy. The Future Networks 
(5G, Cloud, Next-Generation Internet and Internet of Things) offer new functionalities to support people’s 
needs and to address global sustainability challenges and fosters vibrant open networks. The random 
processes in the global Internet are complex due to the use of packet switching and the extraordinary 
variety of provided services. They have specific properties such as peakedness, long-term dependence, use 
of large tails, self-similarity, etc. The study of the random processes in the global internet network is a 
complex and unresolved task, despite the large number of studies and publications by various specialists - 
scientists, engineers and mathematicians. 

In this survey, the modern methods for stochastic processes modelling, multimedia traffic measurements 
and quality of service evaluation in heterogeneous network environment is presented. The analysis of class 
of service and quality of service mechanisms in IP-based networks and their influence on the traffic flows 
characteristics and overall system performance is shown. The approaches for measurement, monitoring 
and analysis of traffic in real IP based networks (Internet, mobile networks, cloud communications, 
internet of things and smart networks) are described. The purpose of this survey is to describe the 
stochastic processes and the new teletraffic models in the IP based networks, to provide a better 
understanding of the priority service mechanisms of the peaked traffic flows distribution and of the end-to-
end Internet quality of service and also to point out the importance of the relation between demand, 
capacity and performance in the IP networks. 
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Модели и методи за анализ на стохастичните процеси в IP базирани мрежи – обзор 
(Сеферин Мирчев, Мирчо Мирчев, Георги Георгиев). Днес интернет мрежата е в основата на 
почти всяка социална, образователна или икономическа дейност, създател на истинска стойност, 
която прекроява икономиката и обществото. В бъдеще IP базираните мрежи ще бъдат още по-
важни за обществото и икономиката в световен мащаб. Интернет мрежата също трябва да 
предоставя по-добри услуги и по-голямо включване и участие. От съществено значение е 
следващото поколение интернет да бъде проектиран за хора, така че да може да изпълни пълния 
си потенциал както за обществото, така и за икономиката. Бъдещите мрежи (5G, облачни, 
интернет от следващо поколение и интернет на нещата) предлагат нови функционалности за 
подпомагане на нуждите на хората и за справяне с глобалните предизвикателства за 
устойчивост и насърчават жизнени отворени мрежи. Случайните процеси в глобалния Интернет 
са сложни поради използването на комутация на пакети и изключителното разнообразие от 
предоставяни услуги. Те имат специфични свойства като неравномерност, дълговременна 
зависимост, използване на големи опашки, себеподобие и т.н. Изследването на случайните процеси 
в глобалната Интернет е сложна и нерешена задача, въпреки големия брой изследвания и 
публикации от различни специалисти - учени, инженери и математици. 

В този обзор са представени съвременните методи за моделиране на стохастични процеси, за 
измерване на мултимедиен трафик и за оценка на качеството на обслужване в хетерогенна 
мрежова среда. Показан е анализ на класа на обслужване и на механизмите за качество на об-
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служване в IP-базирани мрежи и тяхното влияние върху характеристиките на трафичните 
потоци и върху общата производителност на системата. Описани са подходите за измерване, 
наблюдение и анализ на трафика в реални IP базирани мрежи (Интернет, мобилни мрежи, облачни 
комуникации, интернет на нещата и интелигентни мрежи). Целта на този обзор е да опише 
стохастичните процеси и новите модели на телетрафик в IP базираните мрежи, да представи 
по-добро разбиране на механизмите за приоритетно обслужване, на разпределението на 
неравномерните трафични потоци и на качеството на обслужване от край до край в Интернет и 
също така да посочи важността на връзката между използваемостта, ресурсите и 
характеристиките в IP мрежите. 

 
“Experts predict the Internet will become ‘like electricity’ - less visible,  

yet more deeply embedded in people’s lives for good and ill” [4]. 

 

Introduction 
The exchange of information in the modern world 

is based on the global Internet and the IP protocol. 
The development of the global Internet is related to 
the application of the Internet of Things, the use of 
cloud services and the provision of mobility to sub-
scribers. The global Internet provides the subscribers 
with an extremely wide variety of services related to 
exchange of data, voice and video information. In the 
future, they are expected to exchange more and more 
data and provide more video services, which will 
greatly increase the amount of information 
transmitted. 

The smart networks of the future will support the 
service platform for driving the digital transformation 
of our society, acting as the ‘nervous system’ of the 
Next Generation Internet (NGI). Future communica-
tion systems and networks (Smart Networks) will be 
the foundation of the ‘Human Centric Internet’ [31]. 
They will provide the flexible, energy-efficient and 
high-performance critical infrastructure where next 
generation infrastructure and other digital services 
will be developed and deployed.  

The random processes in the global Internet are 
complex due to the use of packet switching and the 
extraordinary variety of services provided. They have 
specific properties such as peakedness, long-term 
dependence, use of large tails, self-similarity, etc. The 
study of random processes in the global Internet is a 
complex and unresolved task, despite the large num-
ber of studies and publications by various specialists - 
scientists, engineers and mathematicians. 

The global Internet network is based on the princi-
ple of "best-effort", which leads to a relatively high 
utilization of network resources and an acceptable 
quality of service in the provision of various services. 
However, in order to ensure and guarantee high utili-
zation of network resources and high quality of ser-

vice, it is necessary to use teletraffic engineering, 
which is based on a good knowledge of random pro-
cesses. The random processes determine the working 
principle of telecommunications networks and sys-
tems. The development of the equipment, the planning 
of the telecommunication networks, their construction 
and maintenance is impossible without thorough 
knowledge of the random processes in them. 

The mathematicians have studied the queuing sys-
tems theoretically for several decades. The engineers 
have studied the teletraffic systems from a practical 
point of view for over a century. The number of publi-
cations, research projects and scientific forums related 
to queuing and teletraffic systems is relatively high. 
This indicates that learning about random processes is 
an up-to-date task. The actuality is determined by the 
widespread use of random processes, their complexi-
ty, their diversity, and the difficulty in studying them. 

The teletraffic engineering, in addition to the 
above, have to study increasingly complex random 
processes with specific characteristics, which is relat-
ed to the continuous growth of the global internet 
network, the provision of new services and the use of 
new technologies. Indicative in this regard is the In-
ternational Teletraffic Congress, which is already held 
annually and is attended by leading scientists, engi-
neers and specialists from almost all countries. 

The mentioned above, the widespread use of in-
formation and communication technologies, their 
intense development and the inability to imagine 
modern life without exchanging vast amounts of in-
formation determine the actuality of this survey. 

The teletraffic engineering presents complicated 
analytical and simulation techniques for the events 
assessment in IP networks. The arrival and service 
processes are usually described with specific type of 
distribution. However, there is no applicable method 
for in-depth evaluation of the random processes in the 
modern telecommunication networks. By reason of 
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the heterogeneous nature the working parameters of 
the routers and switches cannot be accurately speci-
fied. There are publications, which describe the pro-
cess of entering of IP packets in groups. The dynamic 
nature of traffic and their impact on the network con-
gestion process are described in other publications. 
The self-similarity of the traffic in the IP networks, 
the interdependence between the arrival and departure 
processes in the system, the huge inequality of the 
flows, the big queues effect and the different charac-
teristics of the arriving packets are not described in 
depth. The network abnormalities, which are the main 
reason for breakdowns are insufficiently investigated.  

Because of the high diversity, it is hard to collect 
data from real measurements in the network, which 
would respectively result in adequate measures to 
guarantee and manage the service quality.  

The Deep Packet Inspection/ Deep Packet Pro-
cessing is a topical approach for analysis, which many 
operators are used. The Deep Packet Inspection is a 
term for devices or technologies used for studying of 
packet content and more specifically the useful infor-
mation in them rather than the service information and 
initiating the relevant actions. The Deep Packet Pro-
cessing is used broadly and includes the actions, 
which are initiated with the packets – change, locking, 
filtering, redirecting.  

The Deep Packet Inspection is an important net-
work innovation, which is the foundation of many of 
the present and next generation services. In the corpo-
rate networks, it refers to the network equipment, 
providing intelligent communication and routing, 
protection, monitoring with the purpose of observing 
the regulatory norms, traffic management, application 
performance control, and many others. From the point 
of view of the major service suppliers and operators, 
these may be customer-based and/or differentiated 
services, invoicing on content basis, additional possi-
bilities for end-to-end traffic management, advanced 
network security, etc. Owing to Deep Packet Inspec-
tion the network transparency, the control and possi-
bility for giving services and their efficiency and 
productivity can be increased. 

Stochastic processes modelling 
To simulate heterogeneous processes in various 

subject areas such as the organization of transporta-
tion, the provision of various services, diffusion in the 
chemical industry, and the transmission of information 
in the telecommunications sphere, stochastic systems 
with network topology are used. Such systems are 

complex both in terms of the composition of elements 
and their interaction, and in terms of the presence of a 
large number of uncertainty factors describing objects 
and functioning processes. The network nature of the 
systems is reflected in the presence of communica-
tions located in a certain space, including paths, chan-
nels, lines, special network devices. 

The approach to modelling stochastic processes of 
the boundary layer of complex systems with a net-
work topology, based on the methods of queuing theo-
ry, is proposed in [1]. Based on the developed models, 
algorithms for calculating the estimates of the main 
temporal characteristics of the functioning quality of 
the analysed processes are built. To test the proposed 
models, methods and algorithms, a structure has been 
developed and a computational experiment has been 
conducted to assess the quality of service require-
ments in telecommunications networks of the Next 
Generation Network (NGN) concept, which are a 
typical modern example of complex systems with 
network topology and stochastic processes of 
operation. 

А typical model of the architecture of modern 
complex stochastic systems can be represented as a 
combination of four planes [7]:  

• the plane of providing intellectual services (ad-
ministration, resource management) and the im-
plementation of operational management; 

• the plane of program management (interaction 
algorithms of structural elements of the system);  

• the plane of switching and transportation; 
• the plane of access and data (the relationship of 

the system with the external environment, receiv-
ing and adapting information from the external 
environment). 

As a basic example of a complex system with a 
network topology, the latest telecommunications con-
cept systems (NGN) of the last generation are consid-
ered. The structural representation of the telecommu-
nications systems of the NGN concept is shown  
in fig. 1 [1]. 

Managing complex stochastic systems with a net-
work topology is associated with solving a whole 
range of tasks: regulating the policy of providing in-
formation transmission media, resources, organizing 
communication sessions, providing security, etc. The 
time characteristics of the processes occurring in the 
system are among the most important indicators of the 
efficiency and quality of functioning of the systems 
under consideration.  
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Fig.1. A telecommunications system structure of the next generation network concept [1]. 

Obtaining estimates of the temporal characteristics 
of the functioning of processes requires the 
development of special tools that take into account the 
structure of the systems under study and the stochastic 
nature of the processes. Of interest are tools that allow 
not only to obtain estimates, but also to develop 
feasible, constructive strategies to optimize the 
management of improvements. A well-tested area for 
developing such tools is mathematical modelling. The 
study of methods of mathematical modelling aimed at 
obtaining estimates of the temporal characteristics of 
the functioning of processes in complex stochastic 
systems with network topology. 

A stochastic mathematical model in the form of a 
Markov decision process with hidden information and 
memory that results in the density of a subgraph 
representing the correct routing path from end to end 
in Internet network with big data and voluminous 
information is presented in [5]. 

In [6] the problem of stochastic network 
optimization in the presence of state prediction and 
non-stationarity is investigated. Based on a novel state 
prediction model featured with a distribution-accuracy 
curve, the predictive learning-aided control (PLC) 
algorithm is developed, which jointly utilizes historic 
and predicted network state information for decision-
making. PLC is an online algorithm that consists of 

three key components, namely sequential distribution 
estimation and change detection, dual learning, and 
online queue-based control. 

In [34] the method based on a unified approach to 
modelling dynamical systems that allows for flexible 
formalization of the space of model structures, 
deterministic and stochastic interpretation of model 
dynamics, and automated induction of model structure 
and parameters from data is represented. The method 
is able to reconstruct models of dynamical systems 
from synthetic and real data. Many existing 
approaches integrate methods for simulation and 
parameter estimation of a single model to address 
parameter uncertainty, only few of them address 
structural uncertainty at the same time. The methods 
for handling structure uncertainty often oversimplify 
the problem by allowing the human modeler to 
explicitly enumerate a relatively small number of 
alternative model structures. On the other hand, 
process-based modelling methods provide flexible 
modular formalisms for specifying large classes of 
possible model structures, but their scope is limited to 
deterministic models. It is necessary to extend the 
scope of process-based modelling methods to 
inductively learn stochastic models from knowledge 
and data. 
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Fig.2. A representation of the relationships between analysis, simulation and measurement 

as used in network performance evaluation [25]. 

Analysis, simulation and measurement 
techniques 
The three fundamental methods for performance 

evaluation in large-scale packet networks - analysis, 
simulation and measurement techniques are reviewed 
in [25]. The authors are concentrated on relatively 
new or possibly less generally well-appreciated areas. 
Therefore, under analysis, the focus is on models for 
network topologies and connectivity, and on wireless 
access. In the simulation section, the focus is on 
techniques for scalable simulation for large-scale 
packet networks. Compared to the other two areas 
measurement is relatively new anyway, and more time 
is spent on motivation, techniques and some recently 
discovered limitations. 

It is important to see how the three methods may 
fit together to fully enable network performance 

evaluation. It is shown the circle of mutual support in 
fig. 2 [25]. 

Different approaches to network traffic 
management applicable to the IP and packet switching 
mobile technologies are presented in [19]. The 
proposed technology for analysis is flexible enough to 
different types of traffic in opportunistic networks. It 
is started with traffic measurements and obtains 
accurate data for detail network simulations and 
precise analysis. Then, it is highlighted the self-similar 
nature of the incoming traffic at network nodes. In the 
next analysis, it is a good idea to map the measured 
data with the Polya arrival process by Pareto and 
gamma distributed inter-arrival times. The Polya, 
Pareto and gamma distributions have the capability to 
change shape and scale in a way to simulate different 
types of observed traffic. A proper analytical 
description of the end-recipient traffic flows and point 
process of self-similarity inputs are applied for a 
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better user behaviour specification. Complex queuing 
models with priorities for an end-to-end simulation are 
proposed. The behaviour of the system at its bounds is 
shown. It is mapped the data from measurements and 
simulations with the application layer requirements, 
cross-layer Quality of Service (QoS) and Quality of 
Experience (QoE) parameters. This is done by traffic 
fractality analyses, codec-dependent resource 
reallocation and Fibonacci backward difference traffic 
moments analyses. All of them demonstrate special 
moments in the breakdown of the shaping effect. 
Finally, it is expressed views on open research issues 
for offering optimization in the Internet traffic 
analyses. 

Priority system studying 
Applications of priority teletraffic system are used 

in many practical solutions in computer and 
communication networks. It is an important issue to 
define the strategy for sharing communication 
resources by a variety of traffic with different service 
requirements [8, 26]. In current networks, priority 
queueing system is applied to improve the quality of 
service and to satisfy the requirements of the delay-
sensitive traffic [33]. Priority single-server queues 
have been thoroughly studied by Kleinrock for the 
first time [11]. Kleinrock is also analysed teletraffic 
systems with time-dependent priorities. The 
accumulating priority queue is analysed in [32]. 

Resource utilization in the cloud is a challenging 
task because of its dynamic nature especially with 
heterogeneous applications. In [12], a data centre 
resource allocation with a priority queue-scheduling 
algorithm is presented. In [9], a scheduling algorithm 
with preemptive priority in cloud computing, reducing 
the power cost is studied. The design and 
implementation of a fragmentation scheme for media 
access control sublayer in wireless sensor networks 
for heterogeneous traffic is presented in [10]. 

There are many generalizations of the Pollaczek-
Khinchin formula (PKF), e.g. for peer-to-peer 
networks [36], when the arrival flows are peaked [15], 
etc. The optimal balking strategies for higher priority 
customers in a M/G/1 teletraffic system is studied in 
[35].  

The evolution to packet-based networks, combined 
with the rapid innovation in communications 
technology to which priority services users have 
grown accustomed over the past decade, creates both 
challenges and opportunities with respect to the long-
term provision and planning of priority services. It is 
reported that growth in national security and 
emergency preparedness priority services users have 

grown consistently at 3-5% per year since 2010 [28]. 
However, a number of factors, including future 
changes in policy, expansion of the programs to 
incorporate non-human / proxy devices, or the 
occurrence of a major event / disaster which expands 
the need for extended priority communications, could 
augur a significant and transformative increase in both 
users and priority traffic. 

A new single-server priority queueing system with 
a peaked arrival process and generally distributed 
service time is analysed by using the Polya 
distribution to describe the peaked traffic flows [13], 
[14]. New models and study methods of single-server 
queueing systems with priorities and peaked traffic 
flows are developed thanks to the accurate assessment 
of the quality of service of packet-switched networks. 
The mean waiting time in the case of infinite number 
of waiting places is obtained using a generalized 
Pollaczek-Khinchin formula. It is shown that the 
performance of such delay systems varies vastly 
depending on the peakedness of the input flow. 

Demand, capacity and performance in IP 
networks 
The internet traffic is the result of interaction 

among millions of users, hundreds of heterogeneous 
applications, and dozens of sophisticated protocols. 
The internet traffic is much more complex than the 
telephone traffic and the mix of applications that 
produce it continues to vary widely over time. It is 
well established that telephone calls arrive as a 
Poisson process, the arrival process of IP datagrams 
has been shown to exhibit much more complex, self-
similar or fractal-like behaviour. Selecting the 
appropriate traffic model can lead to successful design 
of computer networks and accurate capacity planning. 
In the last years, increasing interest in developing 
models and methods of classical queuing systems 
(especially Erlang formulae) for studying Internet 
network has led to many extensions of previously 
existing results. For this new models and methods, it 
is used phrase “Internet Erlang Formula”. A survey of 
relation between demand, capacity and performance in 
the Internet network by the Erlang formulae is 
presented in [23]. It is shown that Erlang C formula 
has in fact applications in the Internet that is much 
more general. 

The assuring of quality of service relies on 
understanding the traffic performance relationship. 
The essential demand – capacity - performance 
relation in IP network turns out to be none other than 
the so called Erlang delay formula (Fig.3) [29].  
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Fig.3. Three-way relation between demand, capacity and performance in the IP network: 
the Erlang delay formula [29]. 

 
This is clearly a surprising result since it is 

commonly believed that Internet traffic is so complex 
that it is practically impossible to characterize 
performance in a simple way. A very large number of 
different applications use the Internet and its traffic 
characteristics change continually as new applications 
gain popularity. 

Self-driving networks 
The complexity of current IP networks, together 

with ever-changing requirements, clients and 
topologies, paved the way for the concept of Self-
Driving Networks (SelfDN). SelfDN is defined as an 
autonomous network that is able to make predictive 
and adaptive responses to its environment. Similar to a 
self-driving car, it aims to eliminate manual 
operations from humans while keeping the network 
running with self-discovery, self-configuration, and 
self-correction features [37]. This implies using 
machine learning algorithms - both supervised and 
non-supervised - in order for the network to adapt 
itself to changing conditions. 

A SelfDN first of all needs to be aware of its state. 
In current IP networks, this is achieved via telemetry. 
Currently telemetry has a vast number of parameters 
that can be monitored. Recent developments of 
standard protocols for telemetry, like gRPC, IPFIX, 
etc., give the opportunity to have near real-time data 
of the network status, utilization and traffic. 

The next phase is possibility to analyse the data, 
which usually feed machine-learning algorithms. This 
data, together with the topology and traffic models - 

derived both theoretically and via the machine 
learning process - are the input to the decision 
process. 

The human intervention is kept to a minimum level 
and is in the decision process, via so called “intents”, 
which actually bias the decision process. 

The result of this process are actions that are 
pushed back to the network via automated transactions 
to the network elements. 

This concept is the way to handle the scale and 
complexity of current IP networks and leads to an AI 
driven network. The human intervention is moved 
from direct operations to modelling, tuning the 
machine-learning and supervising the AI operations. 

Link capacity evaluation in IP networks 
Over the last decade, there is tremendous growth 

of the Internet traffic. The new applications can easily 
overload inter-domain links, disrupting the 
performance of other applications using the same 
network resources. This forces Internet Service 
Providers (ISP) either to invest continuously in 
infrastructure upgrades in order to support the quality 
of service expected by customers or use special 
techniques when handling Internet traffic. In [24] is 
presented a survey of network traffic. It is begun with 
the description of Internet evolution. Then it is 
described teletraffic engineering and quality of service 
in IP networks. It is discussed the best practices and 
approaches developed so far to deal with management 
of IP traffic, identifying those that may provide long-
term benefits for both Internet service providers and 
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users. With the emergence of new network 
technologies, researchers have to decide how to 
implement them and to ensure that the internet 
network provide quality services. It is shown that in 
this area, there are many improvements, but much 
remains to be done. The article shows the great effort 
which has been undertaken by the research 
community in order to address the topic. There is an 
enormous pressure on ISPs to make available 
adequate services for the traffics like VoIP and Video 
on demand. Since the resources like computing power, 
bandwidth etc. are limited, the teletraffic engineering 
is needed to evaluate the quality of service. 

In recent times, with many applications, the IP 
networks have become the most powerful tool for 
sharing information. Best-effort IP interconnected 
networks deliver data according to the available 
resources, without any assurance of throughput, delay 
bounds, or reliability requirements. As a result, their 
performance is highly variable and cannot be 
guaranteed. In IP networks, ensuring proper link 
capacity at the packet level is a challenging problem.  

A method to evaluate the link capacity of IP 
networks at the packet level based on a single server 
delay system with state-dependent arrival and 
departure processes is suggested in [16]. The 
dependence of the traffic being carried on the queue 
length and on the defined waiting time is shown. 
Presented graphic dependencies allow to define 
quality of service, namely the probability of packet 
loss and admissible delays, to determine the carried 
traffic of the links. 

A real time trace simulation model for estimating 
the link capacity at the packet level in IP networks 
based on the Pareto/BM/1/k queueing system using a 
generalized Pareto distribution for simulation the 
arrival process and a bimodal distribution for describe 
the size of the packets is presented in [17]. 

New teletraffic models 

The development of telecommunications networks 
is related to ensuring quality of the provided services. 
A number of authors based on measured traffic 
indicate that there are no suitable methods for the 
analysis of modern packet switching networks. Traffic 
flows in modern broadband networks have the 
following characteristics [24]: self-similarity, long 
term dependency, uniformity, presence of long 
intervals between moments of packets arrivals and 
very large packets. There are many articles analysing 
traffic in the IP networks that show its peakedness at 
different scales of time. 

A full-access waiting multi-server queue with a 
state-dependent arrival and departure processes is 
investigated and suggested in [18] for use as a generic 
traffic model of the novel concept of the Enhanced 
Living Environment as a Service (ELEaaS). The 
generalized arrival and service flows with nonlinear 
state dependence intensities are used. The idea is 
based on the analytical continuation of the Poisson 
arrival process and Bernoulli service process, and the 
classic M/M/n queuing system. Birth and death 
processes and state-dependent rates are applied. The 
suggested new queuing system is of a M(g)/M(g)/n/k 
type (in Kendal notation) with a generalized arrival 
and departure processes M(g). The input and output 
intensities depend nonlinearly on the system state with 
defined parameters – the so called “peaked factors”. 
The state probabilities of the system are obtained 
using the general solution of the birth and death 
processes. The influence of the peaked factors on the 
queuing behaviour is evaluated showing that state-
dependent arrival and service rates may change 
significantly the characteristics of the queuing system. 
The simplicity and uniformity in representing both 
peaked and smooth behaviour make this queuing 
model also attractive for future networks’ analysis and 
synthesis.  

Some limited analytical derivations of queue 
models have been proposed in literature but their 
solutions are often a great mathematical challenge. To 
overcome such limitations is proposed to use the 
Polya distribution and the buffer queueing behaviour 
in high-speed networks is studied in [20, 21]. The 
specific behaviour of an IP interface with bursty 
traffic and long-range dependence is investigated by a 
version of the ‘‘classical’’ M/D/1/k queueing model 
called Polya/D/1/k - a queue with Polya distributed 
number of arrivals in a fixed time interval, constant 
service time, single server and finite waiting places 
[20] and a queue Polya/D/n [21]. This is queueing 
system with a Polya input stream (a negative binomial 
distributed number of arrivals in a fixed time interval), 
a constant service time, multiple servers, and infinite 
waiting rooms. The model is considered as a renewal 
process because of its quasi-random input stream and 
constant service time. It is developed balance 
equations for the state of the system and obtained 
results for the packet losses and delays. The finding 
that the Polya distribution is adequate to model bursty 
input streams in IP network interfaces has motivated 
the proposal to evaluate the Polya/D/1/k system. It is 
shown that the variance in the input stream 
significantly changes the characteristics of the waiting 
system. The suggested model is new and allows 
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defining different bursty traffic and evaluating losses 
and delays relatively easily. 

Stochastic processes in cloud communications 

The cloud communications are fibre channel 
technology or Internet-accessed voice, data and video 
communications where storage, switching and 
telecommunications applications are hosted by a third 
party outside of the end-user devices [22]. The 
applications are accessed via the Web or other type of 
interface instead of user’s local storage, independently 
of time and place as well as the type of user 
equipment. In cloud computing, the services are 
delivered and used over the Internet or other 
technology and are paid for by cloud customer on an 
"as-needed, pay-per-use" business model. The cloud 
infrastructures are maintained by the cloud provider. 
The cloud computing networks are large groups of 
server farms and data centres with specialized 
connections to distribute data storage and processing. 
The cloud service providers take advantage of low-
cost computing technology. This shared IT 
infrastructure contains large pools of systems that are 
linked together. The virtualization techniques are used 
to maximize the power of cloud computing. It isolates 
software from hardware and so provides a mechanism 
to quickly reallocate applications across servers based 
on computational demands. The virtualization also 
isolates the end-user from the cloud infrastructure 
allowing the access to the services regardless of time 
and place. The cloud computing has been widely 
recognized as the next generation computing 
infrastructure. It offers certain advantages by allowing 
users elastically to utilize resources at low cost in an 
on-demand fashion for provided infrastructure (e.g., 
servers, networks, and storages), platforms (e.g., 
middleware services and operating systems), and 
software (e.g., application programs). The cloud 
computing is powerful network architecture to offer 
large-scale and complex applications. 

Fabrication as a Service (FaaS) is a new concept 
developed within the framework of the NEWTON 
Horizon 2020 project. FaaS leverages cloud and IoT 
technologies to enable a wide learning community to 
have remote access to lab computer-controlled tools 
and equipment over the Internet. In such context, the 
fabrication machines can be seen as networked 
resources distributed over a wide geographical area. 
These resources can communicate through machine-
to-machine protocols and a centralized cloud 
infrastructure and can be digitally monitored and 
controlled through programmatic interfaces relying on 
REST APIs. 

FaaS is introduced and described within NEWTON 
Fab Labs, part of the NEWTON European Horizon 
2020 project on technology-enhanced learning [3]. 
The NEWTON Fab Labs architecture is described in 
detail targeting software, hardware and network 
architecture. The system has been extensively load-
tested simulating real use-case scenarios and it is 
presently in production. In particular, in the article is 
shown how the measured data has been used to build a 
simulation model to estimate system performance and 
identify possible bottlenecks. The measurements 
performed show that the platform delays exhibit a tail 
distribution with Pareto-like behaviour; this finding 
has been used to build a simple mathematical model 
and a simulator on top of CloudSim to estimate the 
latencies of the critical paths of the NEWTON Fab 
Lab platform under several load conditions. 

A priority based time distribution method using 
Erlang distribution for K-phases is proposed in [2]. 
The process of entering into the cloud is typically 
based on the priority of the service and form a queue. 
Each user needs to wait until the current user is being 
served if priority of the service is the same, as per the 
First Come First Served policy. If the server is busy, 
then the user request has to wait in the queue until the 
current user receives the result of the prescribed tasks. 
It is considered that a priority class refers to a 
collection of all customers having the same priority. 
The M/EK/1 model for a priority based on a single 
server and the M/EK/2 model for priority based on 
two servers in each class in cloud computing scenario 
to reduce overall mean queue length and waiting time 
are introduced in [2]. It is considered a single server 
and two server retrial queueing systems with three 
classes of customers. 

The M/G/m/m+r queue is introduced as an 
optimized and proper model for various requests in 
random environments such as cloud computing [30]. 
The maximization of cloud server utilization using 
M/M/c queuing system is  presented in [27]. 

Conclusion 
The world needs to build on the excellent work 

started with the 5G mobile communications and 
develop new opportunities across the value chains 
from cloud-based service provisioning to Internet of 
things and new opportunities for smart devices. The 
Smart Networks is the essential digital infrastructure 
that will ensure the future development of the 
economy and society. A good knowledge of the 
random processes in modern telecommunications 
networks based on this survey will help to build smart 
networks. 
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The description of new methods and models 
describing random processes in modern IP-based 
networks, based on scientific advances, makes it 
possible to design and build future networks and will 
help to create models for management of network 
services and new mechanisms for managing and 
ensuring quality of service. 

The Next Generation Internet (NGI) aims to shape 
the development of the Internet of tomorrow into an 
Internet of humans that responds to people’s 
fundamental needs, including trust, security and 
inclusion, and reflects the generally accepted values 
and the norms. The NGI will be driven by human 
intents, which will be fulfilled by AI-driven SelfDNs. 
The mission of NGI is to re-imagine and re-engineer 
the Internet and to enable for the development the 
human potential, the mobility and the creativity. 

The unified communication networks cover voice, 
data and video transmission and support of wide set of 
protocols for file transfer, remote access and text 
messaging. The most complex task for realization and 
analyses is the transmission of the information flows 
in real time. That is why it is necessary to be 
developed a special methodology for analysis of the 
parameters of the real time traffic flows. One of 
biggest issues in the transmission of the real time 
traffic is preserving the quality of service parameters.  
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