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Simulation studies on earlier occasions have demonstrated 
that adaptive routing of telephone traffic results in a 
better traffic performance of telecommunication networks 
than the presently used fixed-hierarchical routing. 
However, in order to benefit fully from the improved net
work performance, a proper dimensioning of the network 
must be performed. 

The paper presents a computer-based tool for optimum 
dimensioning of multi-service telecommunication networks, 
which use the adaptive traffic routing and automatic net
work management system. Of principal interest is the pro
visioning of optimum number of trunks in the different 
inter-exchange trunk groups for given traffic intensities, 
given trunk costs and given exchange-to-exchange grade-of
service. 

1. GENERAL 

It has been demonstrated by means of real time network simulations 
that adaptive routing and proper management of network resources 
improve the performance of telecommunication networks. See for 
instance References /2/ and /3/. The benefits of the improved per
formance can be realized in several ways, e.g.: 

* improved grade-of-service, 
* increased revenues, 
* reduction of network cost. 

However, in order to benefit fully from the improved network per
formance, an adequate dimensioning of the network must be per
formed. Due to differences in traffic handling, the dimensioning 
methods used for fixed-hierarchical networks cannot be applied to 
adaptive routing networks. A special method, therefore has been 
deduced and corresponding computer program has been developed, 
constituting a computer-based tool for optimum dimensioning of 
adaptive routing networks. 

Of principal interest is the provisioning of optimum number of 
trunks (channels) between the exchanges. However, for optimum 
operations of networks with adaptive routing, a certain minimum 
number of Stored Program Control (SPC) tandem exchanges is re
quired. For given offered traffics between the exchanges, given 
trunk costs and given permitted exchange-to-exchange congestion 
probability the computer tool determines 

1. number of trunks (channels) in each 
inter-exchange trunk Eroup, 
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2. optimum set of tandems (number and identities) 
out of a given list of tandem candidates, 

such that the total cost for the trunk network is minimum and such 
that the predetermined grade-of-service is satisfied. 

The network optimization is carried out by means of an iterative 
method. During the process the number of trunks is treated on 
integer basis. In this way any possible rounding errors are elimi
nated. 

The presented dimensioning tool is applicable to networks accommo
dating both Stored Program Control (SPC) exchanges and non-SPC 
exchanges. 

2. THE CONSIDERED NETWORK 

2.1. Network Configuration 

Figure 1 shows an example of the considered adaptive routing 
network. For optimum network operations the adaptive routing re
quires a certain ~ minimum number (ca 5) of transit exchanges of the 
SPC type. Those are assumed here to have the dual function of the 
combined local/transit exchange. The dimensioning tool, however, 
can handle any number of tandem exchanges greater than O. 

o SPC EXCHANGES, TANDEMS 

• NON -SPC EXCHANGES 

FIG.1 EXAMPLE OF ADAPTIVE ROUTING NETWORK 

2.2 The Adaptive Traffic Routing Considered 

The traffic routing considered here refers to the Adaptive, Tariff 
Dependent Traffic RoutinB and Network Management system as de
scribed in References /1/ and /2/. Here only its basic features 
are summarized as necessary for the understanding of the dimension
ing principle. 

1. The referenced traffic routing is intended 
for multi-service networks, where service- and 
distance differentiated tariffs are applied. 

2. The different services receive different routing 
instructions, depending on tariffs and .such that 
the resulting revenues are maximized. 
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3. The different routing instructions are 
determined by a central computer based on 
tariff and out-of-service information 
stored in the computer's memory and on 
information obtained by frequent network 
scanning (5-10 sec), such as busy state 
in the different trunk groups and traffic 
offered to the different trunk groups. ' 

4. The p~th search between a SPC and any other 
exchange is based on conditional selection, 
where 

* direct trunks are used as a first choice, 
* two-link paths are used as a second choice, 
* three-link paths are used as a third choice. 

5. Overflow calls from non-SPC exchanges are set up 
to one of the SPC tandems wherefrom further 
connection is set up based on conditional selection. 

Four connection cases can be discriminated: 

* connections between SPC exchanges, 
* connections between SPC and non-SPC exchanges, 
* connections between non-SPC and SPC exchanges, 
* connections between non-SPC exchanges. 

3. DIMENSIONING PRINCIPLE 

3.1. General 

The network dimensioning problem can be formulated as: 
Given traffic offered Aij to each trunk group, cost per 
trunk cii and a list of potential tandem candidates Z, 

the number ot trunks in each group Nij and the optimum set of 
tandems Zm is found such that: ' 

the total cost C for the trunk network is m~n~mum and such 
that the probability of congestion E(i,jJ does not exceed 
a predetermined grade-of-service figure E'. 

Mathematically it ,can be expressed as: 
m n n n 

c=LLNij·Cij + LLNij·C ij 
~=l j=l i=m+l j=l 

j#i 

E(i,j):sf 

\vhere C == total cost for the trunk network 
n = total number of exchanges in the network 

Zm = optimum set of tandems 
Z = given list of potential tandem candidates 
m = number of optimum tandems; size of Zm 

( 1 ) 

(2) 

Cij = cost per additional trunk bet\-leen exchanges i and j 
Ni . = number of trunks between exchanges i and j 

E(i,j1 = probability of congestion between exchanges i and j 

3.2 Calculation of Exchange-to-Exchange Congestion 

The calculation of exchange-to-exchange congestion probability is 
based on congestion theories frequently used for link system cal
culations. See for instance Reference /4/ and /6/. 
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Fig. 2 shows a simplified, but a complete network for the case with 
two non-SPC exchanges. It illustrates also how trunk groups between 
the non-SPC exchanges and tandems and between tande~s and the non
SPC exchanges form common groups (bundles). 

TANDEM 'SET lm 

[J SPC EXCHANGES 

• NON - SPC EXCHANGES 

COMMON 
GROUP 
(BUNOLE) 

A·· I J 
FIG.2 

The direct trunks between the non-SPC exchanges i and j are used 
~s a first choice. Overflow traffic is offered to the con~nn 8rouP 
he:ween cxchan.p,e i and tandens Zrn. This overflow traffic is de
scribed hy the two para~eters mean and variance. Si~ilarly, 
traffic between exchan~e i and a tanden ·exchahQe t is handled over 
the direct trun~s as a " first choice. Overflow is routed over anv 
of the other trunk 3roups in the com~on group, selected at rand~n 
(or in a cyclic 'vlay). Froi.: t,e conmon 3rol.l~ point of view this 
overflow traffic does not contribute to the increase of the total 
traffic offeree! to the cannon group. Thus the total traffic fro~ i 
offeree to t~1e CC"' ·.".lT:1on ~r('ll1r 'v:i 11 be: 

where: 

Ai = L..; i; + t :·1 i J' ( 3 ) 
j=l -' j=n+l 

l:"i n 
V.=~-A .. + ~v .. 

1 .L · 1J . L 1J 
J = 1 J =1:1+ 1 A .. 

V .• (1 " 1J .. = 1", · • • - Ivl · • + 
1 J 1 J 1 J N. . + 1 - A. . + :,1. . 

1J 1J' 1J 

( 4 ) 

( 5 ) 

tv~· • = A· . • B ( N· . ; A· . ) 1J 1J 1J 1J 
( 6 ) 

A· = tot a 1 traffic offered to the COI7l1~on group i-Z,. 
Bt~ij;Ai1) = probahility of conBestion in the trun~ group 

- between exchanges i and j; 
Mij = mean for traffic offered from i to j; 
Vij = variance for traffic Mij. 

The COMmon group associated with the terminating exchange j is 
considered in the same way. 

The connon groups associated with the SPC tandems are bein~ 
offered first offered traffic, overflow traffic originating in 
the non-SPC exchanges, as well as overflow traffic originating in 
the SPC tandems. The different trunk groups in a common group 
serve as mutual aid for handling overflow traffic. 
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As an example the exchange-to-exchange congestion for connections 
between SPC tandems and non-SPC exchanges will be illustrated. 
Fig. 3 shows all possible 3-link paths between exchanges t and }. 

t 
FIG.3 

The congestion state occurs when there are p occupied trunk groups 
in bundle t, (m-p) particular and v other trunk groups in bundle j 
being occupied at the same time as in the (m-I-p) tandems there 
are (p-v) particular trunk gr0ups occupied. Symbolically this con
dition can be expressed as: 

m-I P m-p 
E ( t , j) = L F ( p) • ) G ( m - p ; v) ·rr Hr ( p - v) ( 7 ) 

p=O ~ r=l 
vlhere E( t ,j) = probability of congestion between exchanges t 

and j; 
F(p) = probability of p trunk groups being occupied in 

bundle t; 
G(m-p;v) = probability of (m-p) particular and v other 

trunk groups being occupied in bundle j; 
Hr(p-v) = probability of (p-v) particular trunk groups 

being occupied in tandem r. 

For simplicity reasons it is assumed in expression (7) that all 
states, e.g. of type p have the same probability. In pr~ctice this 
is . not the case as the trunk groups are different. However, given 
the total offered traffic and number of trunks in each trunk group 
the different state probabilities can be determined. 

In Fig. 3 it can be seen that using 3 links the internal link 
congestion between exchanges t and j is relatively small. Thus the 
exchange-to-exchange congestion between t and j is approximately 

E ( t ; j ) ~ B (N . ; A .) + J J - B (N . ; A . ) · B (N t ; At ) ( 8 ) [ 
B(N· ;A·) J 

J J B(N.-N .oA.) J J 
J tJ' J 

For the deduction of the different state probabilities the two 
parametric negative binomial probability distribution is used, 
Reference /5/. In particular, the probabilities B(NjA) can be 
calculated recursively from: 

B(N;M) = (b+c.(N-l»).B(N-ljM) 
N+ (b+co(N-l»)·B(N-l;M) 

I 

see 

( 9) 

B ( 0 ; M) = 1 ., b = M2 • c = V - M 
V ' V 

(10) 

where H = mean of traffic offered to N trunks j 
V = variance for traffic M. 
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3.3. Optimization Procedure 

The objective of the optimization is to find a set of tandems Zm 
and the number of trunks in each inter-exchange trunk group, such 
that the total cost for the trunk network is minimum. The optimi
zation is carried out using an iterative method in two steps: 

1. iterative optimization of the SPC tandem network; 
(inner loop); 

2. optimization of the remaining part (outer loop). 
The iterative process is stopped when the relative difference in 
total cost between two successive iterations is less than a permit- · 
ted figure. 

During the process each trunk group is assigned an optimum number 
of integer trunk modules, which is determined assuming the cost 
for handled erlang over direct trunks to be equal to the cost for 
handling one erlang of overflow traffic over tandems. Since in 
each case the number of assigned trunks is an integer, the error 
assotiated with roundine is eliminated. 

4. EXAtviPLE OF AN ADAPTIVE ROUTING NETWORK DIMENSIONING 

4.1 General 

As an example a l2-exchange adaptive routing network has been di-
mensioned. The following given data applies: 

EXCHANGE-TO-EXCHANGE TRAFFIC OFFERED, Aij er1. 

j=l 2 3 4 5 6 7 8 9 10 11 12 

i=l 10.5 4.0 6.5 10.0 9.5 7.0 . 2.0 4.5 5.0 4.0 4.0 
2 11.0 10.0 7.5 l~. 0 10.0 8.0 3.0 4.5 3.0 5.5 4.0 
3 4.5 10.0 5.5 3.0 2.0 5.5 6.0 3.0 3.5 7.0 3.5 
4 6.0 6.0 (i.0 9.5 5.5 8.0 3.0 7.5 5.0 2.0 1.5 
5 9.5 5.0 4.0 3.5 10.0 8.0 3.0 4.5 3.0 4.0 5.5 
6 10.0 11.0 1.0 6.0 8.0 8.0 1.5 4.5 2.0 3.5 5.0 
7 9.0 8.0 5.5 7.5 4.5 8.5 2.0 11.5 5.0 4.5 3.0 
8 1.5 3.5 6.0 3.0 3.5 1.0 2.0 1.5 4.0 3.5 2.5 
9 7.5 5.0 3.5 7.0 3.0 5.0 12.0 1.5 6.5 3.0 2.0 

10 4.5 3.0 4.0 5.0 4.0 2.0 4.5 4.0 7.0 1.5 2.5 
11 5.0 6.0 8.0 2.5 5.5 3.0 4.0 3.5 3.0 2.0 6.0 
12 4.0 4.0 4.0 1.0 4.5 5.0 3.5 3.0 2.0 2.5 6.0 

COST PER ADDITIONAL TRUNK Cij 
j=1 2 3 4 5 6 7 8 9 10 11 12 

i=1 70 90 80 120 70 70 150 90 130 130 130 
2 70 90 110 120 90 120 160 140 180 90 90 
3 90 90 80 180 150 130 90 170 160 90 130 
4 80 110 80 - 180 130 80 90 130 90 150 190 
5 120 120 180 180 70 140 250 120 200 180 90 
6 70 90 150 130 70 90 210 80 170 160 110 
7 70 120 130 80 140 90 - 160 70 90 150 180 
S 150 160 90 90 250 210 160 - 210 150 200 240 
9 90 140 170 130 120 80 70 210 - 120 210 160 

10 130 180 160 90 200 170 90· 150 120 - 180 250 
11 130 90 90 150 180 160 150 200 210 180 - 130 
12 130 90 130 190 90 110 180 240 160 250 130 
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Tandem candidates: SPC exchanges 1 - 8. Non-SPC exchanges: 9 - 12. 
Exchange-to-exchange permitted congestion: 0.02. One-way trunks. 

4.2. Results 

The results of the adaptive routing net\vork dimensioning are shown 
in Table 1. For the purpose of comparison Table 2 shows the re
sults of dilllensioning for a sine1e tandem hierarchical routing. 

TABLE 1. ADAPTIVE ROUTING. NUMBER OF TRUNKS. 

j=l 2 3 4 5 6 7 

i=l - 37 20 22 16 28 29 
2 28 - 18 12 9 18 7 
3 17 18 - 15 0 0 7 
4 14 9 19 - 19 0 13 
5 12 12 8 0 - 24 12 
G 20 19 0 5 21 - 15 
7 23 3 0 17 8 19 

8 9 10 11 12 

3 16 14 13 6 
o 0 0 12 11 

22 0 0 18 8 
14 10 21 0 0 
o 0 0 0 10 
3 12 0 0 10 
o 22 12 8 0 

8 0 0 23 19 0 0 o - 0 0 0 0 
9 16 0 0 11 0 13 

10 13 0 0 20 0 0 
11 14 18 23 0 10 0 
12 11 10 9 0 9 10 

23 0 - 6 0 0 
15 0 6 - 0 0 
o 0 0 0 - 6 
o 0 0 0 6 

Opt imum t and eras : i= 1 - 7 

Tot. no. of trunks= 1139 
Tot. cost = 109 880 

Traffic handled: 
over 1 link 421.0 

11 2 links 189.0 
11 3 . 11 33.0 
11 4 11 2.6 

congestion 12.9 

total 658.5 

er1 
I' 
11 

11 

11 

11 

TABLE 2. HIERARCHICAL ROUTING. NUMBER OF TRUNKS. 
j=l 2 3 4 5 6 7 8 9 10 11 12 

i=l - 36 26 32 37 35 33 29 31 32 27 29 
2 38 - 13 8 5 12 8 0 4 0 8 6 
3 28 13 - 8 0 0 6 9 0 4 10 5 
4 30 7 9 - 9 5 10 5 3 7 0 0 
5 38 6 4 0 - 14 9 0 6 0 4 8 
6 33 13 0 6 12 - 10 0 6 0 4 7 
7 35 8 6 10 5 10 - 0 15 7 5 0 
S 25 4 9 5 0 0 0 - 0 5 4 0 
9 36 4 0 7 4 7 16 0 - 8 0 0 

Tandem exchange; i=l 

Tot. no. of trunks 1239 
Tot. cost = 129 280 

Traffic handled: 
over 1 link 500.5 erl 

11 2 1 inks 153. 9 11 

congestion 4.1 11 

total 658.5 11 10 29 0 5 7 4 0 7 5 9 - 0 0 
11 32 B 11 0 6 0 4 4 0 0 - 8 
12 30 6 5 0 7 7 0 0 0 0 8 - Permitted congestion: 

blocking on fina1s= 0.01 
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