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ABSTRACT 

An end-to-end dimensioning concept for 
hierarchical trunk networks is presented. 
The dimensioning concept is developed for 
the Danish analogue network . Using the ex
perience from this development an optimi
zation method for a non-hierarchical digi
tal network is elaborated . Finally the use 
of the Multi - Goal Theory is considered . 

1 . INTRODUCTION 

The Danish trunk network existing 
during the analogue era was designed with 
extensive regard to traffic theory . 

The reason for doing so was unsatis
factory service quality after the intro
duction of direct distance dialling in the 
early 1950'ies. Analyses showed that un
suitable dimensioning of the trunk net
work was one of the main reasons for the 
troubles . 

Aiming at an improvement a new net
work concept was worked out basicly from 
viewpoints founded in traffic theory . 

The first approach was the Cluster 
Engineering which was introduced in the 
Danish network about 1965 . 

During the next decade the Cluster 
Engineering concept was further developed . 
The result of this development was an end
to-end dimensioning concept for an entire 
hierarchical trunk network . This concept 
will be presented here . 

Facing the challenge of designing a 
network for the digital age it was natural 
to use the experience from the analogue 
era. As a consequence of this experience it 
was decided to develope a dimensioning con
cept for a non-hierarchical modular struc
tured trunk network , aiming at the digital 
network . 

Derivation of formulas similar to the 
ones derived for the hierarchical network 
seemed to be impossible , however . In stead 
an optimization method was elaborated. 

An outline of this optimization method 
will be presented . 

Finally the use of the Multi-Goal 
Theory ~or Public Utilities is considered 
as a tool ~or taking the economics into 
account . 
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2 . FRAMEWORK FOR THE DIMENSIONING 

Modern networks require specific re
liability plans. These plans form frame
works which include the grade of service 
standards for the traffic quality . 

The grade of service standards are 
in general specified on a subscriber to 
subscriber basis and comprise parts co
vering faults etc. and parts saved for 
dimensioning of the network . 

The part of the service standards at 
disposal for the dimensioning of the trunk 
network has to be distributed between con
tributions from the exchanges and contribu
tions from the individual trunk groups in 
the network . 

It is of the utmost importance for 
the performance of the network that the 
dimensioning rules for the individual 
trunk groups are elaborated in such a way 
that they adequately fit into the frame
work of the grade of service standards. 

Therefore the dimensioning concepts, 
which I am going to describe, are elaborated 
on the basis of given point to point grade 
of service standards. 

3 . THE DIMENSIONING CONCEPT FOR ANALOGUE 
NETWORKS 

The analyses of the service in the 
early direct distance dialling network 
showed that the basic problem was the large 
spread of the subscriber to subscriber con
gestion. Alternative routing was introduced 
with a varying number of hunting stages . 
The dimensioning was done ignoring the net
work architecture. The blocking versus the 
traffic formed a curve, having a very in
creasing shape. Often calls offered to the 
finals only , were completely quelled . Calls 
having access to a number of consecutively 
hunted thrunk groups on the other hand had 
an unnecessary low blocking rate . 

In solving of the problem the papers by 
Mr.R . J . Wilkinson at the First International 
Teletraffic Congresses in Copenhagen (Litt . 1) 
and the Fourth International Teletraffic 
Congress in London (Litt . 2) were an important 
inspiration . Especially the London paper was 
used for modelling the network . 
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The dimensioning principle was what 
nowadays is denoted Cluster engineering . 

The grade of service was related to 
a Cluster or "Final System" consisting of 
all the high usages having overflow to the 
same final - and the final itself. 

This was an improvement of the engi
neering practise compared to the traditio
nal method , where the grade of service 
standard was related to the final. By the 
traditional method t he point to point 
blockings are haphazard results of the 
routes used through the network. 

The Cluster Engineering as introduced 
in the Danish network is described in my 
paper to the Fifth International Tele
traffic Congress in New York 1967 (Litt.3). 

Experience with the Cluster Enginee
ring as originallY introduced did not 
allow adeQuately for dimensioning of the 
service protection groups. 

Investigations on t hat occasion led 
to an extension of the Cluster Enginee
ring method leading to a real end-to-end 

.dimensioning method. 
In the following I shall explain the 

end-to-end dimensioning concept elaborated. 
The blocking between 2 exchanges con

nected by a direct high usage group can be 
expressed ' approximately as follows (fig.l): 

.. _ _._-- B, ~ 

Fig.1 

B 01 BdBs + BdBe 

B 01 the blocking of the traffic from 
exchange Co to exchange Cl 

Bd the engineering blocking for the 
direct high usage group Nd 

B the engineering blocking for the s final trunk group N 
s 

B the engineering blocking of the 
e simple group N 

e 

If the grade of service standard for 
traffic between C and C is given as the 

• Q 1 
blocklng B

1
, we flnd: 

Bol = BdBs + BdBe = Bl 

(1) 

(2) 
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Corresponding to eQuation (1) an 
eQuation can be derived for the case that 
no direct high usage group exist. The 
traffic in this case is offered to a 
service protection group N with overflow 
to N p 

s 

.. B. , ---. 

Fig.2 

With reference to fig.2 it is easy 
to derive the following approximate eQua
tion: 

B B + B 
P s e 

the engineering blocking of the 
service protection group N 

p 

If we want to use the same grade of 
service standard B for traffic between 
C and C

2 
as we usJd for traffic between 

co . 
o and Cl' we flnd: 

B B + B = B 
P s e 1 

From (2) and (4) we find: 

BdB + BdB = B B + B s e p s e 

Using (5) Bp can be expressed by Bd' 
Bs' and Be 

B 
P 

B 
Bd-~(l-Bd) 

B 
s 

(6) shows that B cannot be chosen 
independently, if B Eust be maintained. 

(6) also shows 1that if we want to 
maintain the same B for all pairs of ex
Ghanges subordinateJ to a transit exchange 
Tl then we must choose the same value B 
for engineering of all the high usages. d 

This discovery raises the Question of 
whether the traditional triangel optimiza
tion method for engineering high usage 
groups (Litt.4) imply a real optimization. 
In my opinion it does not. If more than 
one high usage group have overflow to the 
same final, the method does not secure 
that an optimal arrangement of the trunks 
is obtained, observing a given grade of 
service constraint. I have dealt with this 
problem in my contribution to the Seventh 
International Teletraffic Congress in 
Stockholm 1973 (Litt.5). 

(4) 

(6 ) 
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Continuing my explanation of the 
end-to-end dimensioning concept dealt 
with, I make use of the rule that the 
same grade of service value should be 
used for traffic between all exchanges 
subordinated to the same transit ex
change. This implies the following ex
pressions: 

Case 1, (fig.3), a simple group between 
Co and C1 : 

B01 = Be1 = B1 

~~ ___ •• N_e_l ____ ~ 
'3' Be 1 

4 Bl~ 

Fig.3 

Case 2, (fig.4)" a transit connection 
between Co and C1: 

B01 = Be' + Be" = B1 

~ ~ e e 

~ Bl----' 
Fig.4 

I will now do a trick: I claim that 

B ' = B " = B e e e 

Then from (8) I find: 

B 
e 
=~ 

2 

From (7) together with (10) I find: 

2B 
e 

(8) 

(10) 

( 11) 

The equation (10) appears 
tremely valuable. This will be 
by inserting (10) into (2): 

to be ex
recognized 

( 10) into (2) 
B1 

BdBs + Bd ;- = B1 

In (12) Bd is expressed ~y B1 and Bs 

( ) ( 
1 1 , 

12 can be converted to Bs = B1 Bd - 2) 

In (13) Bs is expressed by B1 

B B 
p s 

If (10) is 

+ B = B e 1 

B 
P 

inserted into 

B B 
B1 

+-= p s 

1 
-2--
-- 1 
Bd 

2 

and Bd 

(4) we find: 

B1 

The equations (7), (10), (12), (13), 
and (14) express the engineering values for 
all possible trunk groups connecting the 
exchanges subordinated to the same transit 
exchange. The engineering values can be 
calculated from the knowledge of the grade 
of service standard B1 and a chosen value 
of Bd or B . , 

The iaea of deriving the engineering 
values from the given grade of service can 
be extended to comprise all trunk groups 
in a hierarchic network. 

The blocking for a connection as 
shown at fig.5 can be expressed by the 
following formula: 

Boq = BN1 + BN2 + •••• BNq 

The formula expresses that the 
blocking from a given exchange C to 
another given exchange C with aOclose 
approximation, is equal %0 the sum of 
th~ blocking BN1 , ..•.. , BNq fo~ the cir
CUlt groups carrylng the trafflc from C 
to C . 0 

qIf the grade of service value B is 
given, we find: q 

B 
q 

Bl~ ~ Bl----' 
Bq----------------------------~.~ 

Fig.5 
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( 12) 

( 14) 
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~ Bo-1 ~ • B23 

-< B03 
~ 

,.. B05 
-< 

Fig.6 shows a hierarchical structured 
network with 4 transit exchanges: 

Let us demand that 

Let us furthermore demand that 

B03 = B25 = B47 and 

B05 = B27 

These cl aims cause the following 
formula : 

B = B + (4 - 1) B + B 
07 e T e 

or more general in the case of q transit 
exchanges "between C and C If. 

o q 

B = B + (q - 1) B + B 
oq e T e 

By the grade of service value B for the 
point to point connection given~ we find : 

Be + (q - 1) BT + B B 
e q 

Inserting of ( 10) into (18 ) implies: 

(q - 1) BT + Bl = B q 

..... ~II--- B 1 --.. 

... ~ B45 .. , B67 . 

~ 

B25 ~ 

B47 

(18 ) 

• 
B27 

Fig,6 

One of the main ideas of this dimen
sioning concept is that the point to poi nt 
bl ocking shall be the same , independent of 
the actual route f or a given call and i n
dependent of whether a direct group exi sts 
or do not exi st . 

This claim can be used for deri ving 
a formula for the engineering of high 
usage groups "embracing" a number of x 
transit exchanges (f i g . 7) . 

Bdx 

It should be noticed that B i s 
given by the knowledge of the gr~e of 
service values Bl and B as well as the 
engineering value B fo~ a direct hi gh 
u s age between t wo e~changes subor dinated 
to the same transit exchange . 

For the direct trunk groups the 
number of circuits can be calculated 
direct on the basi s of Erlang ' s B
formula . The number of circuits in 
finals must be calculated with regard 
to the peakedness for example accordi ng 
to the Equivalent Random Method (Litt . l) . 

The concept gives a simple and well 
defined correlation between the service 
standards and the engineering val ues, 
which makes it possible to get a clear 
p icture of the congestion in the networ k . 

Bq .. ----------~--_l~~ 

Fig.7 
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(20 ) 
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So far the costs are not included 
in the calculations. However, as mentioned 
in the introduction, I shall mention the 
Multi-Goal Theory as a tool for taking the 
economic demands imposed when dimensioning 
into account. 

At this point I will mention that the 
dimensioning concept is fitted for use of 
a quasi-optimization method. 

The quasi-optimization can be carried 
out as follows: The network is calculated 
on the basis of the service standards in
dicated and the Bd-value chosen. A certain 
configuration of nigh usages is chosen. 
Then the costs of the networks are calcu
lated . The next step is changing som~ of 
the parameters and the configuration of 
high usages. Again the cost of the network 
is calculated. By series of revised cal
CUlations an economic optimization can be 
performed with close reference to the 
quality of service. 

-B1=1%-

One of the features of the concept 
is that it is possible to decide, whether 
you want to put the major part at the 
blocking at the local part of the network, 
or you want to distribute the blocking in 
another way in accordance with the hierar
chy pf the network. A d~sirable distribu
tion of the point to point blocking in 
the network can be obtained by varying the 
parameters in the formulas. . 

4. THE OPTIMIZATION METHOD FOR THE 
DIGITAL NETWORK 

The digital network has some charac
teristics different frdm the ones of the 
analogue network. Here I shall only deal 
with cnaracteristics important for the 
dimensioning problem. 

Characteristics important for the 
dimensioning problem are among others. 

~------------------------B4=5%--------------------------------------

By measurements on networks at daily 
operation it is difficult to verify the 
grade of service values. This is due to 
the fact that a live network never is 
loaded in accordance with the number of 
circuits in operation. Therefore a number 
of simulations are done, aiming at veri
fication of the concept. Overleaf I will 
show the results of one of the simula
tions: Fig.8 shows a hierarchical network 
which has been simulated. The results are 
indicated in fig.9. 

Generally, the simulations show that 
the purpose of the dimensioning concept is 
achieved. 

Fig.8 

1. The network may not necessarily be 
hierarchically structured. 

2. Trunk groups may be established by 
modules (e.g. PCM-systems of 24 or 
30 circuits). 

3 . It must be accepted that a network 
node (a transit exchange) may be out 
of service e.g. for loading with new 
processor programs. This caused the 
need of connecting the local exchanges 
to more than one transit exchange. 

From To Offered Load No. of Blocking 
(Er langs ) Trunks Ai;-:·:m:-::e:-:;d;--a'7t--:c:-a-:l~c~u7l:.:2a;;!;t~i:t!.0""'n--S~im-u-l-at-i-on 

CO C1 21.6 20 0.01 0.00912 0.00775 CO C2 27.7 25 0.01 0.00923 0.00990 CO C3 45.0 30 0.0233 0.02166 0.01904 co c4 . 29 . 3 20 0.0233 0.02138 0.01887 co C5 45.9 25 ) 0.0367 0.03389 0.03121 CO c6 28.7 o x 0.0367 0.03454 0.03285 co C7 43,2 20 0.05 0.04566 0.04207 

x) Th " e traff1C 1S offered to the service protection group. 

Fig.9 
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The first approach of solving the di
mensioning problem was to try t o derive 
formulas similar to the ones derived for 
the hierarchical network . However , this 
seemed to be impossible , because of the 
complexity of the network. 

Instead it was decided to create the 
network by a quasi-optimization method on 
the basis of the point to point blockings 
and cost parameters given, using a com
puter calculation system . 

The idea of the computer calculation
system was to examine all possible net
works which could serve the exchanges in
volved . "All possible" sounds ambitious . 
However, a limitation upwards of the num
ber of modules of the individual potential 
trunk groups reduces "all possible" to "a 
limited number ". 

For each network the traffic flow 
and the blockings were calculated . All 
the cases , in which the grade of service 
was not kept, were abandoned . For all 
the other ones the costs were calculated 
and the cheapest chosen . 

Kyoto September 1985 
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The calculations are made in two 
steps : At the first step the network be
tween local exchanges and between local 
exchanges and their superior transit ex
changes is designed . 

At the second step the network be
tween the transit exchanges is designed . 

Fig . l0 shows an example of a network 
pattern at local exchange level . Each lo
cal exchange is connected to 2 transit 
exchanges, the transit traffic is divided 
equally between them . A number of poten
tial high usages exist . Each of the high 
usages may be established by a number of 
modules . A module may consist of p cir
cuits . In this case p = 30 corresponding 
to a pcm system of 30 channels . Traffic 
blocked at the high usages overflow to 
the finals. 

4 
3 

n 

' 2~------------------~ 
20 

Fig. 11 

.. 

r; 

ERLANGS 

In fig . ll the results are depicted . 
At the x-axis the total traffic to the 
cluster is marked . These traffic amounts 
correspond t o a development in time . By 
each amount of the total traffic the num
ber of modules of the cheapest configura
t i on is printed out (Fig . 12) . 

It should be not i ced that the optimal 
network pattern is varying dependent of 
traffic growth . 
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MODULE SIZE • 30 

TRAFFIC OFFERED FROM CO TO C1-C5: 
10.0 q.O 8.0 7.S 7.0 PCT. OF TOTAL TRAFFIC 

COST PROPORTION DIRECT ROUTE/TRANSIT ROUTE: 

ATi AT2 A01 A02 A03 A04 
8.00 8.00 l.bO 1.44 1.28 1.20 

20.00 20.00 4.00 3.bO 3.20 3.00 
22.00 22.00 4.40 3.qb 3.S2 3.30 
24.S0 24.S0 4.qO 4.41 3.q2 3.b8 
27.00 27.00 5.40 4.8b 4.32 4.0S 
30.00 30.00 b. ·OO 5.40 4.80 4.50 
34.00 34.00 b.80 b.12 5.44 5.10 
44.50 44.1$0 8.QO 8.01 7.12 b.b8 
4q.50 4Q.50 Q.QO 8.Q1 7.Q2 7.43 
55.00 55.00 11.00 Q.QO 8.80 8.25 
b1.00 b1.00 12.20 10.Q8 Q.7b Q.1S 
b7.50 b7.50 13.50 12.1S 10.80 10.13 
7b.00 7b.00 15.20 13.b8 12.1b 11.40 
78.00 78.00 1S.bO 14.04 12.48 11.70 
8b.50 8b.SO 17.30 15.57 13.84 12.Q8 
Qb.OO Qb.OO 1Q.20 17.28 15.3b 14.40 

6. USE OF THE MULTI-GOAL THEORY 

In Denmark the use of Moe's Principle 
is a tradition (Litt.6). 

According to Moe's Principle the 
blocking at disposal for engineering pur
poses is distributed among the devices in 
a connection which carries traffic. 

A rational distribution is done so 
that the improvement by adding one device 
to a group of devices is the same for all 
groups. Thus the blockings caused by the 
individual groups of devices are propor
tional to the costs. 

However, this economic principle is 
only valid for a series of device-groups. 
If the network consists of parallel 
routes tied together by alternative 
routing, then the Moe's principle in its 
original version is not valid. 

To meet the demand of a dimensioning 
concepts as presented here, Dr. Arne 
Jensen has developed the Multi-Goal Theory 
which will be subject to a contribution 
to this congress. 

7. CONCLUSION 

The dimensioning concept and the op
timization method presented here appear as 
tools for planning in practice. The know
how fetched from traffic theory is partly 
hidden behind the computation programs. 
However, the development of the concepts 
would have been impossible without the 
contribution from t .he Teletraffic Con
gresses in the course of time. 

40000170000 

AOS NTi NT2 Ni N2 N3 N4 NS COST 
1.12 1 1 0 0 0 0 0 280000.0 
2.80 1 1 1 0 0 0 0 320000.0 
3.08 1 1 1 1 0 0 0 3bOOOO.0 
3.43 1 1 1 1 1 0 0 400000.0 
3.78 1 1 1 1 1 1 0 440000.0 
4.20 1 1 1 1 1 1 1 480000.0 
4.7b 2 " 2 0 0 0 0 0 SbOOOO.O 
b.23 2 2 1 0 0 0 0 bOOOOO.O 
b.Q3 2 2 1 1 0 0 0 b40000.0 
7.70 2 2 1 1 1 0 0 b80000.0 
8.54 2 2 1 1 1 1 0 720000.0 
Q.45 2 2 1 1 1 1 1 7bOOOO.0 , 

10.b4 3 3 1 0 0 0 0 880000.0 
1Q·.Q2 3 3 1 1 0 0 0 Q20000.0 
12.11 3 3 1 1 1 0 0 QbOOOO.O 
13.44 3 3 1 1 1 1 0 1000000.0 

Fig. 12 
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