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IN A MULTI-EXCHANGE AREA OF A CITY 
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ABSTRACT 

This paper deals with some problems appearing on dimen
sioning the outgoing trunks from an exchange in a multi
exchange area in a city. 

A model for iterative calculation on a computer is pre
sented, and some exchanges in Copenhagen are examined 
by the aid of this model in order to study the problems. 
The model takes into consideration that the automatical 
exchanges in Copenhagen are of the L.M.Ericsson types 
ARF 10 and AKF 10. The model therefore is arranged for 
calculation of the congestion on the supposition that 
the trunks are connected to a link system, where the 
internal congestion and possibly the existence of grad
ings influence the final congestion. "The geometric 
group concept", presented by Smith and Bridgford, is 
used as a convenient method of calculation in connection 
with a computer. 

The calculations show how the use of different dimen
sioning scales for the primary routes affects the econo
my, the congestion and the ability of overloading. The 
results show among other things that the running cost 
has a very flat minimum, when the distribution of trunks 
on direct rout.es and the tandem route is altered. The 
reAults also show that it is very important to control 
the congestion values by h i gh traffic, since the over
load capacity of a -network with alternative routing and 
with an economical dimensioning often is very low. 
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INTRODUCTION 

It is wellknown that a network with alternate routing 
contains a smaller number of trunks and therefore gives 
a cheaper value for the running cost than a network with
out alternate routing. It is also wellknown that the 
system with alternate routing can be optimized to give a 
minimum for the running cost. This occurs when you take 
the price for routing directly and for routing via a 
tandem exchange into consideration and determine the 
number of trunks in the primary routes so that the routes 
are exactly carrying an amount of traffic for which there 
is an economical argument, while the rest of the traffic 
is routed as overflow traffic to the tandem exchange. 

In the following is regarded a network in a city area 
with many local exchanges having alternate routing via 
one tandem exchange. The complete annual price for 
carrYing the traffic Ap from one of the existent ex
changes A to a new exchange B will be 

u i Uz 
U = Np·Uo+ Ap·Bp • df + Tt ' where 

Np is the number of trunks on the direct route, 
Bp - congestion 
Uc - annual price for one trunk on the direct route, 
u. - to the tandem 

exchange LTB 
Ut - from the tandem 

exchange LTB 
marginal utilization of a trunk to LTB 

U has a minimum, when 

d(Ap.Bp ) = __ 1_ 

dNp ~ + Uz 

d{ cl2 

Uo 

from LTB. 

, i.e. when 

the direct route is dimensioned from an improvement value 

Fl N (~) = FB = __ 1_ 
, P ~ + Uz 

(1) 

cl~ ciz 
Uo 

According to this it should be easy to determine the 
number of trunks on the direct routes. In practice, 
however, a lot of circumstances must be taken into con
sideration. Some of them are mentioned in the following. 

1. The use of formula (1) demands knowledge ofthemargi
nal utilization values cl. and elz• In a big network the 
appearance of one new exchange A will not aff ect the 
d2-values much, since the route from LTB is carrying 
traffic from many exchanges. It is therefore defensible 
to use the existing values for <1.2. The value of d .. 
only depends on the dimensioning of the outgoing routes 
from the exchange A; therefore it is only possible to 
determine the ai-value by aid of iterative calculation 
of all routes from the exchange, where the start value 
of d4 is arbitrarily fixed and where the calculations 
are repeated until d. at the beginning and the end of a 
calculation series has almost the same value. 

2. The method of economical optimizing only ens~es that 
the trunks are used in the most economical manner. The 
amount of traffic lost on account of congestion is how
ever not treated by the method. The value of the final 
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congestion for the offered traffic Ap i s 

Br~Bp·((Bs+Bt+Bu)-(Bs·Bt+Bu·Bs+Bu·Bt+Bs·Bt·Bu))' where 

Et is the congestion on the links in LTB, 
Bs - route to LTB and 
Bu - from LTB. 

Wh~n Bt and Bu are essentially smaller than Bs' the 
expression is simplified to 

Br = Bp·Bs · 

The supposition corresponds with the case where the traf
fic via the tandem exchange is only meeting a negligible 
congestion in the tandem exchange itself and on the 
route from the exchange. 

The final congestion to different B-exchanges will not 
have the same value due to the use of different improve
ment values for the direct routes. It is a problem, why 
the traffic to one or more B-exchanges is meeting a 
final congestion bigger than allowed, although the 
average congestion has a satisfactory value. 

3. By fixation of the maximum value of the congestion it 
is expedient to look at the things by normal traffic as 
well as by overload. Overload is here regarded as a 
condition that occurs on a few days during the year, 
where the traffic is especially high,but not catastrophe 
affected. 

By fixation of the congestion by overload the network is 
guaranteed a good overload capacity. 

Networks with alternate routing will often have a very 
low overload capacity. The grade of service by normal 
traffic must therefore be set to a very low value to 
ensure a good service by overload condition. 

4. By dimensioning the number of trunks by use of FB-
scales and by calculation of the corresponding congestion 
values it must be taken into consideration that the 
routes are often connected to selector systems with 
grading and internal congestion. It is therefore not 
correct to use the Erlang B-formula, which must be re
placed by one or several approximation formulas. By the 
selection of an approximation formula regard shall be 
taken to the accuracy and to the sui tabili ty of the 
formula for calculation on an electronical computer. 

5. By the reflections concerning the dimensioning scales 
it must be considered whether there is a reasonable 
relation between the economical profit attained by using 
more complicated dimensioning scales and the additional 
work connected to this. 

In the following a description is given of a model for 
iterative calc~~tion of the outgoing network from an 
exchange by use of a computer. A number of calculation 
results are presented and are at last discussed. 

A MODEL FOR ITERATIVE CALCULATION OF THE OUTGOING NET
WORK FROM AN EXCHANGE BY AID OF AN ~LECTRO.NICAL COMPUTER 

The programme for the model has been written in algol 
and the calculations have been carried out on the Danish 
third generation compu~er RC 4000 manufactured by 

Ap 
1 

FB = l.2 

K = 10 K = 20 K = 40 Erl. K = 10 K 

0.5 0 0 0 0 0 

2.0 0 0 0 0 2 

4.0 0 0 0 0 4 

8.0 2 3 3 3 8 

16.0 7 8 9 9 15 

32 . 0 13 19 22 23 30 

64.0 25 37 47 52 57 

Np 

FB 

= 20 

0 

2 

4 

8 

17 

33 

66 

A/S Regnecentralen, Copenhagen. Fig. l shows a flowdia
gram of the model. 

The calculations start with calculation of FB for the 
different direct routes on the basis of input values for 
the distances between the exchanges, including the tan
dem exchange, the cable price of one km trunk connection, 
and the price of the exchange equipment for one connec
tion by direct routing and by routing to and from the 
tandem exchange. 

In the expression for FB tia is regarded to be without 
influence from the appearance of the exchange itself in 
the common network. When the purpos e is to find the 
effect of different dimensioning scales on one exchange 
it can further be regarded as defensible to use the same 
ti 2-value for all routes from the tandem exchange. The 

model therefore is arranged for input of one ti2-value. 
In a later section the relations are discussed, when 
the assumption of a fixed d2-value does not hold. 

As mentioned in the previous section, ~~ is not known 
at the beginning of the calculation, and the model is 
therefore using the described iterative calculation me
thod, where the calculations are repeated until di has 
almost the same value at the beginning and the end of 
a calculation series. 

When FB for a given traffic has been calculated, the 
next step is to determine the number of trunks in the 
direct route. The number of trunks Np is determined so 
that Ap. (BNp(~)-BNp+l (A)) is equal to FB or as near to 

FB as possible. Instead of calculating the number of 
trunks corresponding to all occurring FB-values, it is 
suitable to prepare scales for Np as a function of Ap 
by a limited number of fixed FB-values, covering all 
in practice occurring values. In the model there are 
as a maximum used scales corresponding to 6 FB-values. 
The scale which FB-value is nearest to the calculated 
value for the traffic Ap is then used. 

By the determination of the congestion BN regard must 
be taken to the fact that the automatic p exchanges 
in Copenhagen are of the L.M.Ericsson types ARF 10 and 
AKF 10, which are working with gradings and with inter
nal congestion in the group selector stages. The calcu
lation method "The geometri c group concept", by Smith 
and Bridgford, is convenient to use on a computer. 

By aid of this method and the expression 

FB = ~.(BNp(Ap)-~p+l(A)) scales have been calculated 

1 1 1 1 1 1 
for the FB-values l.2' 1.5' 2' "3 '5" and 10' and for 
the cases with selector availabilities of k = 10, 20 
and 40. There have also been calculated scales, where 
Erlang's B-formula is used for determining' the con
gestion. Fig.2 gives an extract from the scales. 

The table shows that for small routes "The geometric 
group concept" is giving nearly the same number of trunks 
as the Erlang formula. Routes with many trunks will 
often have an availability of k=40 and also here there 
will be a very small difference between the number of 
trunks calculated from "The geometric group concept" and 
Erlang's B-formula. 

1 
FB 

1 
=2" = 10 

K = 40 Erl. K = 10 K = 20 K = 40 Erl. 
/ 

0 0 2 2 2 2 

2 2 5 5 5 5 

4 4 8 8 8 8 

8 8 14 14 14 14 

17 17 28 25 24 22 

34 34 56 48 45 41 

68 67 111 95 85 78 

Fig.2 Extract from the dimensioning scales 

146/ 3 



When the number of trunks Np has been determined for the 
traffic ~, the congestion Bp is calculated by aid of 
"The geometric group concept" and conseCluently the 
overflow traffic from the route is known. 

By· going over all the primary routes the complete over
flow traffic As to the tandem exchange results. This 
traffic is not Clui te random. The varian'ce is eClual to 
the sum of the variance values of overflow traffic from 
all the direct routes. These variance values are in the 
model determined from 3 curves for variance/mean as a 
function of the number of trunks by k=lO, 20 and 40. 
The curves have been constructed on the basis of earlier 
presented tables and curves by Wilkinson, Lotze and 
Bridgford. 

A primarY route to the tandem exchange with overflow to 
i ts normal overflow route is established to carry traf
fic to exchanges where the traffic values are too small 
to give own primary routes. To this route also long 
distance traffic and traffic to special services are 
offered. The traffic to the route is called ~t. 
According to this all traffic values have posslbility of 
testing 2 routes, and the different congestion values 
will not disperse so much as by direct testing on the 
secondary route. 

By dimensioning the secondary route, the final congestion 
Br is at first fixed. Then Bs is determined as 

Br' ~Ap 

As 
It must be taken into consideration that the 

network shall have a reasonable overload capacity. That 
means that the bigger exchange the smaller Br-value can 
be accepted. It is not possible to give an exact formu
la for Br' as the overload capacity is not only a func
tion of ~ Ap , but also of the number of routes, of the 
offered traffic to the individual routes and of the 
availabilities in the different gradings. A Br-value, 
giving a reasonable overload capacity, is therefore best 
determined individually for the different exchanges. 

For determining the number of trunks Ns ' the model uses 
a method where the number of trunks is successively in
creased, and the process is stopped when the congestion 
is smaller than or eClual to the earlier fixed value 
for Bs' 

The number of trunks fixed by the above-mentioned method 
is not correct because the traffic is not Cluite random, 
and the calculation method ·for the congestion assumes 
this. To the value for Ns there is therefore given an 
addition ON, the effect of which is to give the desired 
congestion by the existing peakedness value p. When 
the final value of Ns is known, the marginal value 

. As . 
can be deterIDlned as N -k' The expresslons for 6N s 
and k are determined empiricly by using curves from the 
work of Bridgford : "The geometric group concept and its 
application to the dimensioning of link access systems". 

After determining the real value for d i the calculations 
are, as previously mentioned, repeated with the new 
ai-value in the expression for FE, and the calculations 
continue in this manner until d i approaches a constant 
value. 

When Ns has been determined, a calculation of the running 
cost by carrying the traffic from the exchange is made. 
The cost comprises both the cost for trunks and for 
exchange eCluipment for carrying the traffic on to the 
arri val exchanges. By the calculation of the trunk cost 
from the tandem exchange to the arrival exchange, the 
marginal values of traffic on a trunk are used, as the 
assumption is that the network has been established and 
the ground expenses have been paid. 

ro~ investigation of the state by high traffic the traf
fic values are at last increased by 20% and the corre
sponding congestion values are calculated on the suppo
sition that the earlier determined values for Np and Ns 
are unchanged. 

RESULTS 

Two exchanges have been examined: Tastrup, a smaller 
exchange situated far from city in a suburd area, and 
Valby, a bigger exchange close to city in an area with 
a good deal of industry. 

For both exchanges calculations with dimensioning have 
been made by using the following scale sets for deter
mining the number of trunks in the direct routes: 

1 1 1 1 1 
a) 18 scales corresponding to FB = U' 1.5 ' 2' 3' 5" and 

io calculated for the selector availabilities k = 10, 

20 and 4.0 by aid of "The geometric group concept" 
method. 

b) 6 scales with the same FB-values as above, but calcu-
lated by aid of Erlang' s B-formula. 

c) As a) , but with the number of trunks 1 and 2 changed 
to O. 

d) as b), but with the number of trunks 1 and 2 changed 
to O. 

) . 1 . 
e Only 1 scale correspondlng to FB = 5" calculated byald 

of Erlang's B-formula, however with the number of 
trunks 1 and 2 changed to O. 

1 
f) As e), but for FB = 3' 
g) As e), but for FB = l 
h) As e)., but for FB = ~ 

1.5 
When an offered traffic value has no coincidence with a 
scale value, the number of trunks can be determined in 
two ways: By choosing the number corresponding to the 
nearest higher or lower traffic value. Calculations for 
both methods are made for Tastrup, but not for Valby, 
where coincidence exists. 

Extracts of the results are given in fig.3 ·and 4. As an 
example the output for a single calculation is .shown 
in fig.5. Cl = 0.5, 1.0 and 2.0 in the figure indicate 
availabilities of k = 10, 20 and 40. 

The computation time for the example was about 7 seconds. 

ciz = 0.65 ~ = 442 erlang 

Calcu1. Scale Annual Number of Normal traffic Normal traffic + 20 % 
number set cost direct Br Br Bp Bs Br Br B Bs 

in D.Kr rou+.PC:: Mean Max.value Mean Mean Mean Max.value Me~ Mean 

105 a 326,700 40 0.4'10-5 1. 6'10- 5 0.1344 3.2'10-5 0.0262 0.0668 0.2142 0.1224 
101 b 326 ,900 41 0.4 - 1.6 - 0.1319 3.2 - 0.0270 0 . 0694 0.2119 0.1272 
106 c 326,700 38 0.4 - 1.2 - 0.1310 3.4 - 0.0274 0 .0543 0.2110 0.1301 
102 d 326,400 38 0.4 - 1.2 - 0.1285 3.5 - 0.0285 0.0572 0 .2093 0.1371 
103 e 342,500 39 0.4 - 1.0 - 0.0561 7.4 - 0.0~~6 0.0511 0.1200 0.2802 
104 f 331,000 39 0.4 - 0.9 - 0.0900 4.0 - 0.0335 0.0524 0.1806 0.1853 
111 g 332 ,400 37 0.4 - 0.9 - 0.1719 2.5 - 0.0231 0.0369 0 .2617 0.0885 
112 h 355,100 30 / 0 .4 - 0.9 - 0.3214 1.6 - 0.0091 0.0146 0 .3665 0.0248 

Fig . 3 Calculation results for Valby 

146/4 

• 

• 

• 

• 



• d z = 0.65 Ap = 154.5 erlang 

Calcul. Scale Annual Number of Normal traffic Normal traffic + 20 % 
number set/ cost direct 

Br Rounded in D.Kr. routes Br Bp Bs Br Br Bp B 
s 

up or Mean Max.value Mean Mean Mean Max.value Mean Mean 
down 

206 a/up 275,000 24 1.3'10-4 2.9.10-4 0.2550 5.0·10-~ 0.0320 0.0592 0.3366 0.0950 
214 a/dOwn 273,600 20 1.1 - 2.2 - 0.2660 4.2 - 0.0357 0.0576 0.3511 0.1018 
205 b/up 277,700 30 1.1 - 3.3 - 0.2317 4.7 - 0.0338 0.0790 0.3118 0.1084 
209 b/down 273,700 24 1.3 - 3.1 - 0.2466 5.4 - 0.0337 0.0641 0.3301 0.1022 
207 c/up 272,900 9 1.0 - 1.5 - 0.2097 4.8 - 0.0356 0.0460 0.3015 0.1182 
215 c/down 271,600 7 1.3 - 1.7 - 0.2252 5.7 - 0.0387 0.0433 0.3198 0.1211 
201 d/up 272,100 9 1.1 - 2.2 - 0.1605 6.9 - 0.0439 0.0678 0.2519 0.1743 
208 d/down 271,600 7 1.1 - 1.9 - 0.1728 6.4 - 0.0451 0.0633 0.2675 0.1686 
210 e/up 306,800 24 0.8 - 1.3 - 0.0725 10.6 - 0.0304 0.0373 0.1392 0.2187 
216 e/down 292,900 20 1.1 - 1.9 - 0.0913 11.5 - 0.0356 0.0417 0.1650 0.2157 
202 f/up 282,800 20 1.2 - 2.5 - 0.1353 8.6 - 0.0384 0.0625 0.2163 0.1774 
211 f/down 282,300. 19 1.1 - 2.4 - 0.1482 7.5 - 0.0389 0.0654 0.2314 0.1682 
203 g/up 279,800 7 1.1 - 1.8 - 0.1560 6.9 - 0.0469 0.0725 0.2513 0.1866 
212 g/down 282,300 5 1.0 - 2.5 - 0.1683 6.0 - 0.0466 0.0834 0.2648 0.1761 
204 h/up 287,300 4 1.2 - 2.8 - 0.2078 5.9 - 0.0465 0.0816 0.3069 0.1514 
213 h/down 289,900 3 1.3 - 3.2 - 0.2045 6.4 - 0.0443 0.0817 0.3043 0.1455 

Fig.4 Calculation results for Tastrup 

• 
1 :0 

Np Ap B Br Ap Bp Br Arrival exchange 
46 40.0 0.0"197 0.000004 48.0 0.1894 0.025956 N-GIV 

1.0 33 25.0 0.0554 0.000002 30.0 0.1246 0.017076 V-GIV 

2.0 32 22.0 0.0131 0.000000 26.4 0.0535 0.007333 VA 

1.0 5 4.0 0.2015 0.000007 4.8 0.2706 0.037098 BY 

1.0 4 3.0 0.2073 0.000007 3.6 0.2718 0.037251 PA 

1.0 8 6.0 0.1287 0.000005 7.2 0.1973 0.027039 FA 

1.0 3 3.0 0.3464 0.000012 3.6 0.4126 0.056558 0B 

1.0 5 4.0 0.2015 0.000007 4.8 0.2706 0.037098 GO 

0.5 4 4.0 0.3220 0.000011 4.8 0.3918 0.053705 87 

0.5 4 3.0 0.2194 0.000008 3.6 0.2829 0.038779 73 

1.0 12 11.0 0.1719 0.000006 13.2 0.2569 0.035215 55 

2.0 17 14.0 0.0900 0.000003 16.8 0.1691 0.023173 34 

2.0 13 9.0 0.0562 0.000002 10.8 0.1138 0.015598 78 

1.0 13 12.0 0.1692 0.000006 14.4 0.2556 0.035030 96 

1.0 7 7.0 0.2540 0.00000 9 8.4 0.3347 0.045874 OR 

1 .0 7 5.0 0.1258 0.000004 6.0 0.1905 0.026107 71 

0.5 3 2.0 0.2181 0.00000 8 2.4 0.2754 0.037756 AM 

0.5 3 3.0 0.3522 0.000012 3.6 0.4175 0.057223 64 

1.0 8 8.0 0.2422 0.00000 9 9.6 0.3250 0.044548 AS 

1.0 12 11 .0 0.1719 0.00000 6 13 .2 0.2569 0.035215 TR 

1.0 11 10.0 0.1748 0.00000 6 12.0 0.2584 0.035420 50 

1.0 11 10.0 0.1748 0.000006 12.0 0.25.84 0.035420 RY 

1.0 11 10.0 0.1748 0.000006 12.0 0.2584 0.035420 94 

1.0 Overf!6rt t; l LTB-p x) 1.2 Ove r 195 r t tit LTS-p NO 

• 0.5 6 6.0 0.2866 0.000010 7.2 0.3620 0.049625 HE 

1.0 Dverflllrt t; l L TB-p x) 1.2 Dve r f95 rt tH LTS-p 86 

0.5 10 8.0 0.1627 0.000006 9.6 0.2352 0.032236 70 

1 .0 9 7.0 0.1305 0.000005 8.4 0.2022 0.027718 TA 

1.0 15 12.0 0.1016 0.000004 14.4 0.1776 0.024344 .lEG 

1.0 11 10.0 0.1748 0.000006 12.0 0.2584 0.035420 29 

1.0 12 9.0 0.0950 0.000003 10.8 0.1639 0.022470 MI 

1.0 14 11.0 0.0 998 0.00000 4 13.2 0.1737 0.023812 75 

1.0 5 5.0 0.2870 0.000010 6.0 0.3623 0.049655 98 

1.0 11 10.0 0.1748 0.00000 6 12.0 0.2584 0.035420 BE 

1.0 9 7.0 0.1305 0.000005 8.4 0.2022 0.027718 SU 

1.0 15 12.0 0.1016 0.00000 4 14.4 0.1776 0.024344 35 

1.0 9 7.0 0.1305 0.000005 8.4 0.2022 0.027718 74 

0.5 6 6.0 0.2866 0.000010 7.2 0.3620 0.049~25 GE 

0.5 7 7.0 0.2752 0.000010 8.4 0.3526 0.048327 80 

2.0 Overff/Srt t; l LTB-p x) 2.4 overf,srt t; l L'l.'B-P 99 

2.0 41 35.0 0.0546 0.000002 42.0 0.1411 0.019346 BOA mc 

2.0 67 64.0 0.0919 0.000003 76.8 0.1997 0.027371 LTB-p 

Normal traffic Normal traffic + 20 % 
q Ns As P Bs Overload As p Bs 

2.0 112 56.8 2.19 0.0000354 1.20 111 .0 2.45 0.1370711 LTB-sec 

326.,430 D.Kr. 102 x) The traffic is transferred to the primary 
route to the tandem exchange LTB-p 

Cost Calculation number 

• Fig.5. Example of output from a calculation for Valby 
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COMMENTS 

Among other things the following can be drawn from the 
calculations: 

The use of FB-values calculated from Erlang's B-formula 
gives, roughly speaking, the same economy as the use of 
FB-values calculated by aid of "The geometric group con
cept". 

The changing of the number of trunks 1 and 2 to 0 has a 
very little effect on the economy. 

The congestion Bs has - especially regarding the big 
exchange Valby - a very low value. On account of the 
internal congestion there will be a lower limit for the 
congestion, and the number of necessary trunks Ns will 
therefore be great, when Bs is approaching O. As a 
result of this the overload capacity will be big. The 
results from calculation number 112 demonstrate clearly 
the matter. 

When the direct routes are dimensioned for different 
congestion values - as is the accident when scales 
computed for FB-values are used - the final congestion 
values will be different too. The variation will b~ 
greatest on exchanges where the primary mean congestion 
is smallest, and where there are routes with 1 and 2 
trunks. For Valby the primary mean congestion by 
dimensioning after scale set a) is 13%, while for 
Tastrup it is about 26%. The calculations show, in 
accordance with this, that the variation is greater for 
Valby than for Tastrup. By abolishing the routes with 
1 and 2 trunks, the big "outsider" congestion values 
disappear, and the variation is therefore smaller. 

An investigation for the FB-values for the different 
routes from Tastrup and Valby shows that most of the 
values are situated in the interval 1/2-1/2.5. The use 
of only one scale with a FB-value about ~ therefore gives 
a very good economy. The additional cost compared with 
the cost by a more differentiated dimensioning is for 
Tastrup 3-4% and for Valby about 2%. 

Rounding up or down the number of trunks does not much 
influence the economy and the congestion variation by 
overload in the cases, where there are used an economi
cal dimensioning or simplified scales with a quite good 
economy • 

This is the case by the scale sets a)-d) and f)-g). By 
scale sets a) and b) it seems to be the best thing to 
round down, while scale set g) gives a better economy 
by rounding up. 

CRITICAL ESTIMATE OF THE MODEL 

1. Influence of the tandem exchange and its outgoing 
trunks 

In the preceding facts it has been provided that the 
overflow traffic meets no congestion in the tandem 
exchange and on its outgoing routes. In reality there 
will often be congestion of not negligible value. The 
expression for Br will then be altered from 

Br = Bp 'Bs to Br = Bp' (Bs+Bt+Bu). The growth factor 

is f = (Bs+Bt+Bu)/BtI, and f will have the greatest value 
by the calculations where Bs is small. 

A necessary assumption for a reasonable dimensioning is 
to fix an upper limit for the final congestion values. 
It is possible to reduce Br by a more abundant dimen
sioning of Ns , but Br can never be less than Bp' (Bt+Bu) 
and in practice it will be too expensive to go to the 
limit, because in principle this demands a secondary 
route with an infinite number of trunks. The tandem 
exchange and its outgoing routes therefore have to be 
dimensioned for a very small congestion, and the over
load capacity must be good. The latter thing is espe
cially important, because the alternate routing system 
can involve a very big increase of the traffic from the 
tandem exchange by heavy traffic. 

2. Variation of Bs for overflow traffic from different 
direct routes 

Above it is provided that the secondary route to the 
tandem exchange gives the same congestion for all over-
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flow traffic quantities. It is wellknown that this 
supposition is only correct when all overflow quantities 
have the same peakedness value p. By the here treated 
exchanges nevertheless p will not variate so much as by 

' fUll availability conditions. p will be smallest for 
routes with few trunks. According to that, t he con
gestion on the small routes will normally be high, but 
the just described phenomenon will consequently reduce 
it again. The common effect will be that big congestion 
values are reduces, while small values are increased, 
that is a smoothing of the different values. 

3. Variation of d 2 

In the described model it is provided that &2 is constant 
and has the same value for all routes from the tandem 
exchange. This supposition is reasonable, when the 
purpose is to study the effect of different dimensioning 
scales on a destined exchange. It is only possible to 
determine the absolute values for the running cost and 
the congestion values with knowledge of the dz-values 
for all routes from the tandem exchange. This leads to 
setting up a bigger model, including the whole network 
in the area. Propositions for models of this type have 
been given by several authors. B.Wallstrom has thus in 
Ericsson Technics presented a model, which, like this 
paper, applies "The geometric group concept" as a con
venient tool for the calculation of the congestion. 

However, it is without a more complicated model possible 
to draw the following simple conclusion: If a dimen
sioning method involves an especially high overflow traf
fic and this method is used on all the "exchanges, the 
effect will be that a very big part of the traffic on 
the routes from the tandem exchange will be overflow 
traffic. It is then necessary to dimension these routes 
especially plentifUl, as the overflow traffic is increas
ing very much by increasing the primary traffic. As an 
example it can in fig.3 and 4 be seen that dimensioning 
after scale set e) gives a smaller overflow traffic than 
after scale set c). For the calculations corresponding 
to the first case it should therefore be reasonable to 
use a bigger value for d z• The calculations are accord
ing to this repeated with the bigger value a2 = 0.70 and 
the running cost is then for Valby reduced from 
D.Kr.342,500 to 339,000 and for Tastrup from 306,800 to 
303,400. The examples show that the expensive dimen
sioning after scale set e) will be a little cheaper. 

4. Effect of the gradings 

Calculation of the congestion is made by us of "The 
geometric group concept"-method. In practice the grad-
ings will often be simplified and will therefore by normal 
traffic give a bigger congestion than calculated. By 
heavy traffic, however, the congestion will approach 

• 

• 

that of the ideal grading and ·as the critical situations 
especially occur by heavy traffic, the problem has scarce- . 
ly any practical effect. 

CONCLUSION 

The model presented in this paper has been a good tool 
on the investigation of some dimensioning problems. 

The calculations carried out by use of the model show 
that the running cost has a very flat minimum, when 
the distribution of trunks on direct routes and the 
tandem route is altered. The results also show that it 
is difficult to give a simple criterion for the grade 
of service,but it is very important to look at the con
gestion values by high traffic, because the state here 
will in reality often be determining for the number of 
trunks. 
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