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SOME ASPECTS OF THE DIMENSIONING AND OPTIMIZATION OF 

DIGITAL NETWORKS IN BOTH-WAY CIRCUITS 

M. DE MIGUEL AND F.J. DE LOS RIOS 

CENTRO DE INVESTIGACION DE STANDARD ELECTRICA S.A, MADRID 

SUMMARY ----
The introduction of digital switching and 
transmission systems into digital net
works represents an increase in the use 
of both-way routes between exchanges. 
This fact complicates the required proce
dures to dimension and optimize the func
tional aspects of junction and trunk net
works. This paper describes the most 
significant problems and their solutions 
found while developing a new computer 
program for the planning of junction and 
trunk networks in a mixed analog/digital 
environment, at the "Centro de Investiga
cion de Standard Electrica S.A." in Spain. 

1. INTRODUCTION 

The dimensioning and optimization of junc
tion and trunking functional networks has 
always implied a great amount of calcula
tions specially when alternate routing 
was considered. Due to this fact a long 
series of computer programs treating 
these problems, were developed in the 
last fifteen years. In (1) and (2) are 
described models and solving algorithms 
used in computer programs developed at 
the Centro de Investigacion de Standard 
Electrica S.A. in Madrid. These computer 
programs have been proved an effective 
tool in the planning of junction and 
trunking analog telephone networks. 

The introduction of digital switching in 
these networks imply new planning prob
lems (6) and (7). As a consequence the 
traffic models and solving algorithms in
cluded in the programs were revised to 
cope with the new situation. The result 
was the development of a new computer 
program able to economically optimize the 
dimensioning of the functional aspects of 
junction and trunking telephone networks. 
One of the new factors appearing as a 
consequence of the digitalization is a 
signi ~icant increase in the number of 
both-way routes as they became economical 
and safe. 

Herein are described three characteristic 
problems of networks based on both-way 
junctions and alternate routing, togeth~r 
with the methods and procedures for thelr 
treatment. 

2. PROBLEM 1 

How to apportion carried and overflowed 
traffic among several streams on high 
usage both-way routes. 

This problem is not new. In one-way 
routes of alternate routing networks traf 
fic streams with different origins and/or 
destinations were already mixed. However 
in networks based on both-way routes the 
unbalance between the traffic flowing 
either way may be very important in some 
of the routes. This makes more critical 
the selection of an adequate method to 
calculate the various portions of over
flowed and carried traffic. 
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FIG. 1. 

Figure 1 shows a high-usage route having 
n number of circuits that are shared by 
two sets of traffic streams of which 
each one flows in one direction. Several 
traffic distribution models have been 
analyzed and compared using computer based 
simulation techniques, see (3), (4) and 
(5 ). 
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The selection criteria to adopt a model 
have been the following: 

- Sufficient accuracy from an engineering 
viewpoint. 

- CPU minimum occupation due to the cal
culations necessary to be carried out 
in order to optimize a medium size net
work. The number of its calculations 
could be as high as several hundreds of 
thousands. 

- General application of the results. In 
the optimization process the values of 
the traffic parameters, mean and vari
ance, and the number of circuits in a 
route may vary in a very broad range. 
The model has to guarantee good results 
in all the cases. 

In (3) are described the main assumptions 
and the basis that support the chosen 
model. The main expressions deriv~d from 
it and its application to the network are 
as follows: 

2.1 OFFERED TRAFFIC 

The model makes use of the Wilkinson hy
pothesis of independent traffic streams 
(MiVi, M'i V'i) offered to the ro nte 

L. Mi +L M'i 

LVi + L: V'i 

2.2 OVERFLOW TRAFFIC 

M + M' 

V + V' 

Total traffic (M,~) is calculated using 
the Wilkinson dquivalent group and the 
Erlang formula. 

The distribution of the total traffic 
among the various stream components is 
calculated using the Walstron formula for 
the traffic means. The traffic variances 
are proportionally distributed to the 
peak factors minus one. 

In general for the i stream: 

mi : 0(2 Mj + I (1 - ~ ) Vi 

V"i = m i ... (~) 2 (~- ~ ) 

In particular for the overflowed total 
traffic at the left side of the route: 

m:o(2M + ~(l-o(..)V 

Y : m +(;)2 (V - ~ ) 

2 

2.3 CARRIED TRAFFIC 

2.3.1 Total Traffic 

The traffic mean and variance are calcu
lated by using the following expressions: 

}lc=m-~ 

Ye = (V'-H'i+tt12)(1-c()-n.,. ... }lC-}lt 

2.3.2 Traffic streams distribution 

In general 

mci:(1-o£.2) Mi -~(1-OC)Vi 

Vd = mci +(;~iy (Vc- ~e} 

In particular 

me = (1-0<.2) M- r (1-0()V 

Ye : me + ~ % ) 
2 

(Ye - ~ e ) 

2.4 NETWORK APPLICATION 

For every network route I-J (see fig. 2) 
the overflow traffic streams are applied 
as the offered traffic to the routes I-K, 
K-Dl, K-D2 ••••••• K-Dij while the carried 
traffic streams are offered to the routes 
J-Dl, J-D2 .••••• J-Di. 
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3. PROBLEM 2 

How to dimension a network with both-way 
routes. 

The dimensioning of a hierarchical net
work with alternate routing leads to: 

a) To assign a certain number of circuits 
for direct and high-usage routes. 

b) To calculate the traffic offered to 
final routes. 

c) To dimension them in accordance with 
a certain criterion, for instance to 
limit the probability of final group 
blocking. 

When the routes of the network are of the 
one-way nature this dimensioning can be 
efficiently performed organizing the pro
cess in a manner that treats all the 
routes in the corresponding sequence of 
direct, successive alternatives and final 
routes. In this way when a route is to 
be dimensioned all the traffic components 
offered to it have been previously eval
uated and consequently the total offered 
traffic is known. The basis of this 
procedure is that the traffic offered to 
a route is independent of the circuits 
assigned to this route. 

However a significant new problem arises 
when a network contains "both-way crossed 
high-usage routes". In this ca se the 
traffic offered to a crossing route de
pends on the traffic overflowing from it, 
and consequently on the circuits assigned 
to it. Furthermore this dependence is 
somehow complex and is a function of the 
network structure. 

c o 

3 

Figure 3 shows a very simple example of 
this network situations involving both
way crossed high usage routes. All 
routes shown are both-way ones. Routes 
AD and BC are crossed high usa~e routes. 

~he overflow traffic means from a route i 
~ re mi, m'i (left and right sides respec
~ ively). In the case of the route AD the 
offered traffic means are ml, m3. The 
following functional relations may be 
established: 

m3 = f ( m2 m; n3 ) 

m2 : ( rnl 
, 

n2) m3 

m'3 = f (m '3 M M' n 1 n 2 n3) 

rn, : f ( M M' n1 ) 

m;: f ( M 

similarly for the route BC 

Networks with crossed high-usage routes 
may be dimensioned using an iterative 
algorithm. The objective of the algorithm 
is: given the number of circuits in each 
high-usage route, to dimension all the 
final routes to satisfy the predetermined 
final group blocking criterion. 

The dimensioning algorithm processes the 
routes in a sequencial order, from direct 
to final routes. When dealing with each 
I-J route, the offered traffic is calcu
lated aggregating the traffic carried by 
the routes E-I and having as destination 
J and the overflowed traffic on I-J from 
the routes ID, being D different than J. 
When once all the routes have been treat
ed, an iteration has been completed. In 
the case of networks without high-usage 
crossed routes a simple iteration is 
enough to get the network dimensioned. 
However when the network consists of hig~ 
usage crossed routes the offered and ove~ 
flowed traffic as well as the number of 
circuits in the route is not matched. In 
this case a new iteration is started. The 
process ends when for all routes the mis- ' 
match between offered, carried and over
flowed traffic is given as a percentage 
of the traffic obtained in the previous 
iteration. The studies performed show 
that a result is obtained after three of 
four iterations (considering the worst 
cases). This number of iterations depends 
very little on the precision limit of the 
dimensioning . 
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4. PROBLEM 3 

How to optimize the network from a cost 
stand-point. 

The total cost of the network is a func
tion of as many independent variables as 
high-usage routes exist in the network. 
Each variable is the number of circuits 
in each high-usage route. Once they have 
been determined the number of circuits in 
final routes is calculated to satisfy the 
final group blocking criterion. A method 
to optimize hierarchical networks having 
only one-way routes is described in (2). 
The method is based in solving the system 
of equations in partial derivatives re
sulting from the condition. 

(}c\_ 0 

\a n j) ~ k (K 1 j ) 

where: 

C is the total cost of the network 
n' the n um be r 0 f c i rc u its 0 f ro ut e j. 
4 t . c;. the uni tary cost of the rou e J. 

The solution of this system requires the 
calculation of the marginal cost for 
each high usage and final route. This 
marginal cost is the variation of the 
cost of the network as a function of the 
traffic offered to the route. 
The consideration of both-way routes 
implies a generalization of the defini
tions for marginal costs for every route 
and a new procedure to solve the system 
of equations that determine the marginal 
costs for high-usage routes as a function 
of the marginal costs of final routes. 

4.1 MARGINAL COSTS 

The general expression of the marginal 
costs in a high-usage both-ways route 
( fig. 1) is: 

4 
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The general expression of the marginal 
cost in a final both-ways route is: 

~(IJ)=CA ~j({~), 
-~;~)) where: 

c 

n 
M,V 

is the unitary cost per junction in 
the route IJ 
is the number of circuits 
are the offered traffic parameters 
(mean and variance). 

4.2 SYSTEM OF EQUATIONS OF MARGINAL COSTS 

The set of equations (El, E2) extended to 
all network high usage routes constitutes 
a system that may be represented by: 

H 4> :: F 
H 

where: 

4>H 
F 

H 

is the vector of the marginal costs 
of high usage routes. 
is a vector whose elements are a 
function of the marginal costs of 
the final routes. 
is a square matrix whose elements 
depend on the network structure 
and the state of traffic distribu
tion. 

In a network having only one-way routes, 
the equations may be ordered in such a 
way that H becomes a triangular matrix. 
The system is: 

h12 h13 hln ~l fl 

1 h23 h2n ~2 f2 

0 0 ... 1 ~n f n 

The order is the same of the traffic flow 
according to the routing laws. The sys
tem is then easily solved by successive 
substitution starting with the last equa
tion. 

However when the network contains both
ways crossed high usage routes there is 
not any ordering of the equations that 
allow to solve the system in an easy way. 
An iterative procedure based on GauSS
Seidel method has been adopted to solve 
it. 

The cases tested have shown a fast con
vergency speed. The number of iterations 
required to solve it depends slightly on 
the bound imposed to the precision of the 
results and amounting two or three itera
tions. 
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5. OPTIMIZATION ALGORITHM 

A simple flow diagram of an algorithm 
based on above ideas allowing the network 
optimization is shown in figure 4. 
Firstly an initialization (block I) of 
the marginal costs (0), traffic flows (T) 
and number of circuits (n) in all routes 
is performed. This process assumes all 
the routes to be one-way only. 

Based on these marginal costs and on the 
offered traffic to each route a new set 
of values n is calculated in the optimiza
tion block 0 for the high usage routes 
using the following formulae: 

C = n c + m ~om (IJ)+v- ~ov-(IJ) 

+ F ... m' ~om (J 1) ... v-' ~ov (J 1 ) 

A new distribution of traffic flow and 
a new dimensioning of final routes to 
satisfy the final group blocking criterion 
is performed by the dimensioning block D 
through an iterative process (see para
graph 3 above). The loop of blocks O-D 
is repeated untill no changes occur in 
the dimensions of high-usage routes. 

Then a new set of marginal costs is eval
ua t ed by block C solving thus the system 
of equations in an interative manner. 
Block C together with the set O-D is re
peated until no changes occur in the net
work. 

6. CONCLUSIONS 

The planning of mixed Analogue/Digital 
networks with both-way routes, introduces 
new problems in their dimensioning and 
optimization. 

In order to solve these problems it is 
possible to build new solving algorithms 
through the generalization of the traffic 
and marginal cost models and by intro
ducing iterative procedures in the al
gorithms that have been traditionally 
used in the dimensioning and optimization 
of alternate routing networks consisting 
of one-way routes. 

The efficiency of these new algorithms is 
good and could very well be implemented 
in computer programs. 
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