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Abstract - The main characteristics of QoS are estimated usually by methods of queuing theory. However, in the application 

to nets queuing theory considers processes for each of the systems (switches, routers, servers etc.) without taking into account the 

network topology. On the other hand, graph theory uses the topology for network analysis but cannot consider arrival and service 

processes in network systems. Tensor analysis of networks allows to provide an estimate of QoS characteristics with taking into account 

both the arrival and service processes and the network topology. 

This work presents the nodal tensor model as a tool for QoS analysis in the communications networks. In this model, the main 

systems of the communications network represented as single-line queuing systems (but and other types of queuing systems can be 

used). Models formed in accordance to the types of networks: mesh or nodal. The proposed models allow estimating the QoS 

characteristics for the individual routes and the entire network. Moreover, these models can be used to optimize the communications 

networks. The main result of this work is the model of analysis of traffic distribution to estimation QoS characteristics of communication 

networks. The nodal model lets analyze of network delay as a function of a vector of the node distribution probabilities. Thus, the tensor 

model provide given QoS level with changing of vector probabilities. The delay in IMS is considered as an example of applying of tensor 

model to analysis of communication networks. 

 

Анотація – В роботі представлена вузлова тензорна 

модель як інструмент аналізу рівня якості обслугову-

вання в мережах зв'язку. У цій моделі основна система 

мережі представлені у вигляді одноканальної системи 

масового обслуговування, яка дозволяє оцінити параме-

три QoS для окремих маршрутів і всієї мережі. Основ-

ним результатом даної роботи є модель аналізу розпо-

ділу трафіку для оцінки параметрів QoS. Вузлова мо-

дель дозволяє аналізувати мережні затримки як функ-

цію вектору розподілу ймовірностей у вузлі. Таким чи-

ном, тензорна модель дозволяє забезпечити заданий рі-

вень QoS із зміною вектору ймовірностей. Визначення 

затримки в IMS розглядається як приклад застосу-

вання тензорної моделі для аналізу телекомунікацій-

них мереж.

Аннотация – В работе представлена узловая тензорная 

модель как инструмент анализа уровня качества обслужи-

вания в сетях связи. В этой модели основная система сети 

представлены в виде одноканальной системы массового об-

служивания, которая позволяет оценить параметры QoS 

для отдельных маршрутов и всей сети. Основным резуль-

татом данной работы является модель анализа распреде-

ления трафика для оценки параметров QoS. Узловая модель 

позволяет анализировать сетевые задержки как функцию 

вектора распределения вероятностей в узле. Таким обра-

зом, тензорная модель позволяет обеспечить заданный уро-

вень QoS с изменением вектора вероятностей. Определе-

ние задержки в IMS рассматривается как пример примене-

ния тензорной модели для анализа телекоммуникацион-

ных сетей. 

 

 

Communications networks have a complex structure of connections between a large 

number of networks elements. These structure and elements provide the transmission and 

processing of information flows through the formation of transmission paths called routes. 

For multimedia streams, routes are set in such a way that quality of service (QoS) of infor-

mation flows is provided, and network congestion is avoided. This task is mainly solved by 

applying the methods of queuing theory. However, many factors complicate the solution of 

this task by classical methods of queuing theory. Some of them are a dynamic structure of 

connections and a large number of routes. 
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This work presents the model for the estimation of QoS characteristics by applying of 

tensor analysis. The base of tensor model is invariant equation whose components (in this 

work, are flow and service intensities, utilizations but can be use and other) change linearly 

when the transition occurs from one coordinate system to another. This transition means 

transition from one network structure to another. Thus, researched characteristics (for com-

munications it is mean delay, losses etc.) are determined from geometric presentation of 

these characteristics in such coordinate system where it can be found simple without using 

complex methods. Tensor method was used for QoS estimation of NGN in [1,2] but the other 

models were applied. 

The basis of tensor analysis is a geometric representation of network characteristics as 

a vector. Network restructuring results in a vector transformation. According to Kron's the-

ory, geometric object is a mathematical or physical object which is represented as set of ma-

trices for an infinite number of coordinate system [3]. Representations related via transition 

or transformation matrix. The set of an infinite number of transformation matrices is a trans-

formation tensor. Equation is invariant if all its components are geometric objects. It means 

that the equation is rightly for an infinite number of physical systems [3]. Thus, invariant 

equation is valid for any systems of this nature. For communications, tensor analysis can be 

based on different relations (mean queue, traffic intensity etc.), for example, Little's law [1,2].  

In this work, the relation between load and flow intensity is used. Then, load  , flow 

intensity  , service time t  and service intensity   are components of invariant equation: 

t   or   . Infinite number of representations these components for different coor-

dinate systems is a geometric object. The transformation matrix C  (or A ) is used for transi-

tion from one coordinate system to another. Thus, invariant equation is a set of representa-

tions for different coordinate systems. This set consists of vectors and tensors (vectors of 

load   and flow intensity  ; tensors of service time t  and service intensity  ). 

In this work, a method of the network analysis is based on the following assumptions 

[4]. First, the same intensity (  is the average arrival rate) of information flows causes the 

same load    of network nodes when the network structure change, but service intensities 

are constant. Consequently, the relationship can be defined as:  

   , (1) 

where variables with apostrophe refer to one structure of network and variables without 

apostrophe refer to another structure. Second, any connection of network nodes does not 

change anything in the process of the information flow service. Then, the communications 

network analysis is defined by the primitive element identification and its properties deter-

mination [3,4]. In this work, the primitive element is a queuing system that is a model of 

network interface, node or route. Third, the network connections change is not to result in 

qualitative changes of processes that proceed in primitive elements, but causes only quan-

titative changes. 

We can determine QoS characteristics with the specified structure of network and in-

tensities of information flows. The main characteristics of the QoS estimation are the prob-

ability of packet loss and the mean delay. These characteristics are functions of a load: 
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 fploss   and  ,fTdelay   where   depends on the flow intensity and, therefore, queu-

ing system (QS) loads are determined by the distribution of traffic. Thus, main QoS charac-

teristics can be determined for an each route of information flow or for a whole network as: 





m

i
ilossloss pp

1
,  (in case of low losses); 




m

i
idelaydelay TT

1
,  (m  is a number of QS in a network). 

Hence, a load calculation of nodes allows estimating QoS characteristics. 

For tensor analysis using, the nodes of the communications network are represented 

as a queuing net. Queuing system of this net is a model of individual physical interface of 

information transmission system (input/output interfaces). This interface is represented as 

a single server QS, but, in some cases, we can use multi-server QS. Type of the QS is defined 

by service procedures of a real system. QS has characteristics: t  is a service time and   is a 

service intensity (it is the average service rate). 

In dependence of type of network connections tensor analysis defines two main kinds 

of network models: the mesh model and the node model. The mesh model is used if a net-

work has closed paths, and in contrary the nodal model is applied if a network has not 

closed paths. Then, the traffic distribution can be found with used equations: t   (for 

mesh models) or    (for node models). The decision of these equations allows deter-

mining the distribution of loads or flow intensities. Consequently, we can estimate of QoS 

characteristics as a function of obtained distribution. According to tensor analysis of net-

works [3] a model of communications network is the initial network. Further, initial network 

transformed into primitive network by decomposition of network elements. Decomposition 

is to break the connections between QS. Thus the expression (1) defines a relation between 

initial and primitive networks. 

The nodal method of the tensor analysis of communications networks uses the nodal 

type of network. In this case, the transformation matrix A  is defined from the correspond-

ence between QS utilizations in the initial network   and QS utilizations in the primitive 

network  : . A  Thus, the equation form for the nodal method is [4]:  

     TT AAA . (2) 

Algorithm of nodal method is a simple. First, "nodal" loads are defined for initial net-

works (for example, Fig.1b: dcba  ,,,  etc.) Second, the initial network is divided into a 

separate QS. Third, the matrix A  is determined. Accordance between "nodal" and QS loads 

determines elements of matrix A . For example, in Fig.1b: a 1  and .ab  2  There-

fore, for first string of matrix A :   11 aA ,  and others equal '0'; for the second string: 

  ,, 12 aA    12 bA ,  and others equal '0'. Analogous, elements of other strings are deter-

mined. 

Further, equation (2) is solved for variable .  Then, initial network system utilizations 

  are determined as: . Abranch   It allows estimating QoS characteristics. Also, the flow 

intensity for each QS can be found as: .branchbranchbranch    Thus, we can get the traffic dis-

tribution of the network. 
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For the demonstration of the nodal method, we consider the model of the information 

processing in the IMS (IP multimedia subsystem). The main elements of the IMS are: HSS 

(Home Subscriber Server); control function objects (CSCF - Call Session Control Function: 

P-CSCF (Proxy-CSCF), I-CSCF (Interrogating-CSCF)) and others [5].  

 

Fig. 1. The model of the IMS network 

In the Fig.1a, the model is presented for the IMS network: QS1 is a model of the P-

CSCF service process; QS2, QS3, QS4, QS5 are models of I-CSCF1, I-CSCF2, I-CSCF3 and HSS 

respectively. Thus, there is SIP message-passing model for part of IMS network. Flow inten-

sities for QS are determined by procedures of SIP message exchange in IMS network. 

This model is transformed to the nodal form (Fig.1b) with disconnection of closed 

paths (QS2-QS3; QS3-QS4) because closed paths should not be in the nodal model. In this 

case, imaginary queuing systems (QS6, QS7) are included for retaining of the sum of flow 

intensities in node: .04325    Thus, for imaginary systems: ,62    .74    

Hence, the sum of flow intensities in the node is: .07365    Therefore, in further 

analysis, "nodal" loads are set for all nodes:  .gfedcba
T    

According to (2), it is necessary to determine the relationship between loads of the 

initial network and the primitive network in order to obtain the matrix A  (this matrix is not 

presented here because it has high dimensionality and sparseness). To solve the matrix 

equation (2), service and flow intensities must be set. In this model, the QS1 is one traffic 

generator in this network so all flow intensities can be determined through 1  by setting the 

coefficients ip  that define the part of the input traffic in the i -th queuing system. For given 

network, relationships between flow intensities are: ,4321    ,7635    

,62    .74    

Thus, the coefficients 432 ppp ,,  define the traffic distribution because 1432  ppp  

(hence 423 1 ppp  ) and ,6122   p  ,133  p  .7144   p  

Thus, the solution of equation (2) is obtained by setting the intensity ,1  probabilities 

ip  and intensities of service i  ( 71i  and 26    and 47    because QS6, QS7 are 

imaginary systems). Probabilities ip  are defined by percentage of traffic incoming to I-

CSCF1, I-CSCF2 and I-CSCF3. 
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Further, we used the following values: ,91   ,1051    ,862    ,103   

,1274    type of QS is .// 1MM  Probability varying changes the traffic distribution 

that results to the changing of delay. The Fig.2 presents the average network delay as a 

function of 2p  for differ values .4p  The figure shows that some value 2p  results in a mini-

mum value of delay. Thus, the node distribution probability  432 ppp  is a vector that is 

provide the management of the traffic distribution to ensure the specified average delay for 

the whole network. 

 

Fig. 2. Average network delay as a function of 2p  

In conclusion, we would like to note the following. The analysis of the modern com-

munications network is a very complex task. The solution of this task is complicated by 

many factors some of them are a dynamic hanging of network topology, large number of 

information routes, a dynamic distribution of network flows etc. Classical methods are dif-

ficult to solve the task of the network analysis especially for WAN.  

Unlike methods of queuing theory, the tensor approach allows to obtain a solution 

without some complex operations: the poor formalize procedure of taking complex differ-

ential-difference equations; solving of set of differential-difference equations; finding of nor-

malization constant; changing of the differential-difference equations set when the network 

topology changed. Besides, tensor approach has some advantages. First, it is a good formal-

ize method for the computer-aided design of communications network. Second, it is an in-

variant under the network topology and scale. Third, it captures the interaction arrival 

streams and network topology. 

Conclusion 

The main tensor models of the communications networks are a mesh model and nodal 

model. For communications networks, the nodal model more preferred because this model 

allows estimating of QoS with standard input data (an intensity of sources of traffic and a 
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service intensity of systems). Besides, the nodal model can be use for the traffic distribution 

and its optimization (for example, for traffic engineering). The tensor models of both types 

allow estimating the different characteristics of the communications networks: delay, prob-

ability, loss etc.  

Thus, the tensor models provide the possibility of QoS estimation for networks of al-

most any scale (from LAN to WAN) and enable to solve the tasks of management of the 

communications networks. Moreover, these models can be used for optimization of the 

communications networks to improve the level of service. 
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