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ABSTRACT 

The paper deals with the contruction of a net
work in which structural changes are, to a 
great extent, in agreement with the changes 
of the flows of calls. 

The network services flows of calls, each being 
a complex non-stationary process. In many ca
ses ,the flow may be reduced to a process with 
slow or step-like changes of the mean value 
and quick changes of the instant values around 
the mean value. 

The effective construction of the network must 
ensure the agreement of the structural changes 
with the changes of the flows of calls, there
fore networks must contain connecting systems 
of two types: systems bringing the network 
structure in agreement with slow or step-like 
changes of the mean values of the number of 
calls, and systems altering the network struc
ture in case of quick changes in the instant 
values of the number of calls. Besides, the 
network should contain a part which remains un
changed. 

A three-level model of a communication network 
is further considered. The paper shows the ad
vantages of this model over one- and two-level 
models used now. 

The work considers the problems ar~s~ng in the 
course of investigation into a three-level model, 
as well as the possibility of discussing more 
complex •• dels . 
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INTRODUCTION 

A communication network is assumed to consist 
~f co~necting centres linked to one another by 
Junct~ons and subscriber's devices switching 
in the centres by subscribers lines. A communica
tion network is designed to interconnect the sub
scriber's devices, fora period of information 
transmission, using junctions and connecting 
systems located in connecting centres. 

A communication network structure and the number 
of connecting devices depend on the intensity 
and character of arriving calls. Flows of calls 
between the centres served by the network con
siderably change in time [1-2]. An effective net
work structure must ensure an agreement between 
the structural changes and changes in flows of 
calls [3-9J, for the redundant connecting devices, 
on the routes with a reduced intensity of the 
flows of calls, to be used for establishing con
nections in accordance with the calls from the 
flows of increased intensity. 

Thus, a better conformity between the network 
structural changes and changes in the flows of 
calls improves the network structure effective
ness. 

1. Flows of calls. 

The arrival of calls in a communication network 
is a complex non-stationary process (11, which 
may be understood as a slow or step-like change 
of the mean value and quick changes of the instant 
values around the mean ones. The . mean value of 
the number of arriving calls per time unit~ .. 
is an arbitrary function whose character for~6ne 
of the routes (for one of the pairs ij of the 
network connecting centres) is given ~n Fig.l-a. 

In determining the number of connecting devices, 
of considerable importance ~re only the periods 
of the greatest traffic (busy hour) shown in 
Fig. i-a by vertical lines. If in these periods 
the intensity is assumed constant (tW •• = const) ( -~J 
and equal to the corresponding value of traffic 
y ij' the part of curve ("1 ij = '! (t), playing an 
important role in designing the network, takes 
the form of steps of arbitrary height as shown 
in Fig. 1-b. 

Represented in such a way, a flow of calls bet
ween a pair of connecting centres under consi
deration may be characterized by two distribu
tions: descrete (for instance, Poisson) distribu
tion of number of calls per time unit for a fixed 
mean number of calls (fixed current value of 
traffic Yij)' and ~ontinuous (for instance, nor-
mal) distribution of the current values of traf
fic under a global mean traffic m .. (Fig.2). 

~J 

The range of changes of the current mean values 
of traffic is assumed restricted by the l~west 
and highest values a ij and Aij , respectively. 

For the whole network, flows of calls between the 
connecting centres are given by sets of numeric 
characteristics which may take the form of a mat
rix of current values of traffic II Yijl ' matrix 
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of the global mean values of traffic IImijll ' 

and matrixes of the lowest lIa.jll and high
est 11 Aij 11 values of traffi~. 

It is assumed that a random vector of the cur
rent values of traffic, the coordinates of 
which are characterized by the matrix of cur
rent values, changes with time both in value 
and direction, with vectors corresponding to 
matrixes 11 aij 11 and 11 Aij /I being, with cer-
tain probability, boundary in respect to the 
coordinates, and are not realised in the whole 
network due to the inconformity in time of the 
maximum and minimum values of the traffic on 
all routes. 

2. Networks with stable structure. 

At present, two types of connecting equipment 
are used in communication networks [3-9] • The 
first (for instance, step-by-step system) type 
allows no selection of connection routes de
pending on the degree of occupation of various 
parts of the network (i.e. allows no connection 
along alternate routes). The second (for in
stance, Crossbar system) type is designed to 
select alternate routes when junctions of the 
main route are busy. 

To understand the principles of construction 
of presently used communication networks, let 
us consider a network with only three connect
ing centres (n = 3). Fig. 3-a shows such a net-
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work, with connecting centres linked through one
way junctions, according to the "each-to-each" 
principle. 
Singling out only those junctions connecting 
centres A to B will result in Fig. 3-b. 

A more detailed network with three centres, 
employing the first-type equipment, is presented 
in Fig.4. Each connecting centre of the network 
has respective subscriber's devices switched in 
the centre through subscriber's lines L, which 
in turn are switched in junctions J through con
necting systems CS. Switching of subscriber's 
lines in the outgoing junctions through CS

1 
and 

CS 2 is shown in centre A. CS 1 is assumed to per

form the concentration function (switching of 
a great number of subscriber's lines in a smaller 
number of inner lines), and CS is a function of 
route selection. A similar pic¥ure is observed in 
a figure of centre B showing CS 3 and CS4 designed 
to link junctions with subscriber's lines. Centre 
C employs CS s and CS 6 for incoming and 

CS 6 and CS 7 for outgoing conne'ction. 

Fig.3 
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All connecting systems (CS1-CS7 ) are used to 
switch L in J. 

In this case the structure of the junction net
work may be changed only manually on intermediate 
distributing frames (IDF) as shown in Fig. 4. 
Thus, a junction network in Fig. 4 has a stable 
structure. For each flow of calls between centres 
~J, given by the value of traffic Yij' from the 
matrix of the current values of traffic 

Fig.4 

Fig.5 
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x) 

(1) 

x) Elements of matrixes (1) and (2), not deter
mined for the network in Fig. 3-b and 4 are 
shown by x • 



only a definite number of junctions Vij (Figs.3-b, 

4) may be used which is indicated by the junction 
matrix 

x) 

x 

This means the structure of the junction network 
may correspond to only one matrix of the current 
values of traffic, i.e. be optimal only for the 
source data serving as the basis of calculations. 
Changes in traffic (changes in the elements of 
the traffic matrix (1) ) worsen the COnformity 
between the network structure and flows of calls. 

3. Networks with alternate routes. 

In a network with a possibility of selecting a 
connection route (selection of alternate routes) 
the structure is changed in accordance with ar
riving calls by connecting systems of the CS 2 type 
[3-5]. The junction network, corresponding to 
Fig.3-b, is given in Fig.S. When connecting the 
centre A with B, junctions of beam AB(JAB ) are 

occupied in the first place, and, if there are no 
free lines among these, a connection may be es
tablished through centre C by occupying one of 
the junctions of AC(JAC ) and a junction of CB(JCB )' 

To establish alternate connections, junctions 
J AC in centre A are switched in CS 2 outputs 

belonging to route AB, and CS 2 outputs belonging 
to route AC. In centre C connecting networks and 
their controlling devices must ensure the switch
ing of junctions of AC in those of beam CB. As 
compared to a network with stable structure 
(Fig.4), the centre connecting systems and their 
controlling devices in a network employing junc
tion connection (Fig.5) become more complicated. 
Nevertheless, this allows to automatically change 
the junction matrix (2) in accordance with the 
altered need for connections. The network struc
ture (matrix (2) ) may be changed manually by an 
IDF shown in each centre of Fig.S. 

4. Three-level model. 

When comparing stable-structure networks (§ 2) 
with alternating-structure networks resulting from 
establishing connection along alternate routes 
( § 3), it should be noted that the latter are 
more effective as to the traffic capacity both 
in the conditions of constant traffic (one mat
rix of the current values of traffic) and alter
ing traffic. This is due to the inconformity in 
the maximum values of the number of calls bet
ween pairs of centres and, hence, the possibility 
of mutual use of different parts of the network 
when establishing connections. 

If each of the beams of junctions between connect
ing centres of a stable-structure network is to 
be calculated for the maximum value of traffic 
determined by matrix /lA··II(abscissa A .. , Fig.2), 
then in determining the fldmber of junci10ns 
in the beams of a network with alternate routes 
the calculation may be based on the values of 
traffic A' .. (Fig. 2). A' .. < A .. , since part of 

1.J 1.J 1.J 
the calls on the route under consideration may be 
served due to the use of other beams. 

However, in case of steady changes of the mean 
values for a long (compared to the transmission 
time) period of time, mutual use of beams becomes 
one.sided, i.e. instead of a direct route an 
::~::~:~:_:~~~~_~s selected in a majority of cases 

x) El:ments of matrixes (1) and (2), not deter-
m1.ned for the network in Fig. 3-b and 4 

are shown by x . 
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which may turn out ineffective [10-11J. Let us 
explain this by an example with the three centres 
in Fig. 6-a. The junctions between A and C run ~ 

~ 

Fig.6 

along B without being switched in the latter's 
connecting system. Let us assume that the junction 
matrix (matrix 2) corresponds to the initial traf
fic matrix (matrix 1). If later the traffic matrix 
changes so that Y12 increases and Y13 and Y32 re-

duces, then in case of automatic connection of 
junctions (Fig.S) and in the absence of free 
junctions in beam AB for connecting A with B, 
junctions of AC and CB will be occupied. This is • 
equivalent to redistribution shown in Fig.6-b whe 
it is assumed that the average of x junctions in 
beams AC and CB are busy for connecting A wigh B, 
and the total number of junctions required for 
this purpose is v 1+x. To connect A with C, the 

average of v 2-x junctions may be used, while to 
connect C wi~h B, the number is v 3-x. 

Such a distribution is ineffective. If beam AC con
sisting of x lines running along centre B is divid
ed in B into two parts, AB and BC. then x lines in 
AB may be used to service traffic '1 AB' and x free 

lines in CB may be used to establish other connec
tions, in particular between C and B (Fig.6-c). 
Besides, the network structure in Fig.6-c requires 
no free junctions in beam CB when connecting A with 
B. 

To pass from the structure in Fig. 6-b to that in 
6-c, it is necessary to introduce a cross connect
ing system (CCS), which would switch over the 
junctions of connecting centres under steady chan. 
ges of the traffic matrix, bringing the junction 
matrix into conformity with the traffic matrix. 

• 
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Therefore, it is expedient to consider a model 
of a three-level communication network, in which 
the first level is a non-connecting part of the 
network in which the structure may be changed 
only by • manual connecting system (KCS) , for 
instance, IDF. The number of junctions in each 
beam of this part of the network is determined 
by the minimum demand for connections (matrix 

11 a ij 11 ). The second level is a part of the 

network connected through the CCS which must 
be calculated so that the non-connecting net
work and the network connecting through the CCS 
ensure connections given by a matrix located 
between matrixes" a··11 and" m··\1 . Finally, 

~J ~J 

the third level is a part of an automatically 
connected network using an operational connect
ing system (CCS), which together with the first 
two ones serves all the calls (altering traffic) 
with a given quality. 

The order of occupying the junctions of each 
of the network levels in every connecting centre, 
as shown in Fig.7, must be fixed. Junctions of 
the non-connecting part of the network (MCS) are 

3 

t 

Fig.7 

the first to be occupied, they are followed by 
junctions of the part connected through the CCS, 
and, finally, junctions of the automatically 
connected part of the network (OCS). 

Comparing the model of a three-level network 
(§ 4) with the alternate-route network (§ 3) it 
is easy to note that the latter is two-level, as 
it has a non-connecting part (MCS) and the con
necting partwith the OCS. Hence, the first level 
of such a network serves the constant components 
of the flows of calls determined, by matrix 

JI a·· 11 ,and the second level ensures an agre
emeniJof the structural changes with quick chan
ges of the instant values of the number of calls. 

In a three-level network the CCS changes the 
network structure in accordance with slow 
(stable) traffic changes (the mean values of 
the number of calls). This allows to more ef
fectively use the beams of junctions, and de
termine the number of junctions in each beam 
on the basis of some value of traffic correspond
ing to abscissa A"ij in Fig.2, where A"ij< A'ij' 
It should also be noted that the introduction 
of the CCS may reduce the volume of the connect-
ing equipment in centres due to the fact that 
part or all the junctions belonging to the CCS, 
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may be removed from the OCS. Since it corresponds 
to more simple demands, the equi~ment of the CCS 
is simpler than that of the OCS Ll~. The economic 
effect resulting from the application of a three
level model instead of an alternate-route net
work, which is two-level, may be presented as 
follows (for each beam). 

The number of junctions in a two-level construc
tion is 

n' = n'l + n'3 ' (3) 

where n'l is the number of junctions passing 

through the MCS, 

n' is the number of junctions passing 
through ~he OCS. 

The respective number of junctions in a three
level construction takes the form: 

n" = n"l + n 2+ n"3 ' (4) 

where n 2 is the number of junctions passin~ 
through the CCS. 

Taking into account (3) and (4), the costs of 
junctions and connecting systems servicing one 
beam will take the following form for a two
and three-level network, respectively: 

(5) 

C" = Cl n "1 + C 2 n 2 + C 3 (n " - n' 1 - n 2 ). ( 6 ) 

Here, Cl' C2 and C3 are the costs of a junction 

and connecting systems per one junction of the 
MCS, CCS and OCS, respectively. 

In the same conditions the number of non-connec~
ing junctions may be the same in the two models 
under consideration, i.e. 

n'l=n"l:nl • 

The application of cross connection in accordance 
with relations (5) and (6) leads to the following 
cost reduction 

(7) 

If the dependence of the number of junctions in a 
beam on traffic is given by function ~ 

n='f(y) , 

and the non-connecting part of the network and 
the part of the network passing through the CCS 
are calculated by the matrix of global mean va
lues of traffic, then (7) takes the form; 

l1 ij = (C 3-C 2 )''/'(mi j - aij)+ C3['#'(A'ij)-'t'(A"ij)]' 

(8) 
The first component of the right member of (8) 
takes into account the economy due ' to the dif
ferent cost of the cross and operational connec~ 
tion. The second component is the economy due to 
a better use of junctions in the conditions of 
cross connection. 

For instance, when n' = n" (more intense use of 
junctions in the conditions of cross connection 
is not taken into account), (8) takes the form: 

(9) 

Let us assume that a random change of the current 
values of traffic (Fig.2) corresponds to the nor
mal distribution. Then, the probahility that the 
current value of traffic on route under conside
ration Yij is in the interval m!2 G' (where G 

is the standard deviation) is 



2 

pCmi j-2G' < Yij '" mij + 2<3")= ~ J./
Hence, with probability p~ 0.95, a ij = 

(9) may take the form 

~2 

2dt =0.9544. 

m .• -26', 
l.J 

~ ij ~ (C 3 - C2 ) <f (2 G ) • (10) 

Relation (10) shows that at a great scatter of 
the values of traffic in communication networks, 
the economic effect from the use of cross con-
ne.tlen ~ be .onslderable~ 

5. More complex models. 

Fig.7 shows the case when each of the levels has 
its own groups of junctions in the general beam 
between the pairs of centres. Each of the three 
groups passes either through the MCS, CCS or 
OCS. A network may be built under other com
binations of the above three types of connect
ing systems. 

In a particular case, in. i-.. cr~)rm\~ation of '!' ma
nual and a cross connectl.bn,~parallel and l.n
dependent disposition of the connecting systems 
is possible, as shown in Fig.7 and 8. Fig.8-a 

"""'"""'" -----....- ces ~ 

....... ........ 

mC5 

---

Fig.8 

shows a case when all the junctions of the cent
re pass through both the MCS and CCS, and, hence, 
connection may be made both manually and auto
matically through any junction. 

In some cases the CCS may perform the function 
of preliminary connection followed by connec
tion through the MCS. Fig.8-b shows a simplified 
network for such a case, in which the junctions 
of the centre pass through the MCS, while the 
CCS, switched in parallelly, may switch off 
any pair of junctions from the MCS at the input/ 
output and connect each other through the CCS. 
Finally, the case when the MCS and CCS connect 
isolated groups of junctions is similar to 
Fig.7. 

Besides,combinations presented in Fig.8, partial 
subcefatW~ or parallel disposition of the MCS 
and ees may be applied. 

When using all the three types of connecting 
systems, the MeS, ees and oes, similar combi
nations are possible. 
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6. Conclusion. 

In the conditions of a random arrival of calls 
in the network, the mean value of which changes 
arbitrarily with time, it is expedient to use a 
three-level network containing: • 
(a) non-connecting or manually connecting part 
(the first level) for servicing the constant 
component of the flows of calls; 

.b) cross connecting network (the second level) 
for adapting the network structure to changes in 
traffic (the mean values of the characteristics 
of the flow of calls); 

(c) operational connecting network ensuring auto
matic selection of the connection route (the 
third level) for changing the network structure 
in accordance with the changes of the instant 
values of the number of calls. All the junctions 
of the beam corresponding to such a construction 
of the network are split into three groups: 
non-connecting, crossing and connecting lines. 
Calls arriving at any beam of junctions must 
find a free junction in the groups in the order 
of their above enlistment. 

In analysing the supposed construction of a net
work it is necessary to determine t h e most ef
fective· division of the beam of junctions into • 
groups, corresponding to the network levels, 
optimal methods of the construction of the CCS 
for networks of various structures and size, op
timal interaction of all the ~hree types of con
nection: manual, cross and operational. 

The initial data for solving the above problems 
is the parameters of the flows of calls and the 
character of their changes for long observation 
periods. 
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Notations. 

Yij current value of traffic 
between eonnecting centres 
i and j (the mean value 
for a shorter period than 
the network operation time, 
for instance, busy hour); 

aij minimum value of traffio 
between i and j for a pe-
riod of the network opera-
tion; 

Aij maximum value of traffio 
between i and j for a pe-
riod of the network 
operation; 

mij global average value of 
traffie (the mean value 
for the total time of the 
network operation); 

r11 ;T1nratrix of cu=ent values 
~Y1jl\= of traffic for a network 

Yn1 Ynn with n connecting centres; 

lI a jiH matrix of the minimum 
values of traffic; 

h Ajill matrix ef the maximum 
values of traffic; 

1I1llji 11 matrix of the global mean 
values of traffic; 

IIVji11 jun.tion matrix • 

343/7 


