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ABSTRACT 

In the 'next few decades the UK trunk telecommunications 
network is expected to undergo many changes arising out 
of technological advances, new customer services and 
continued rapid growth. The British Post Office is 
studying the implications of these on the planning of the 
network using a computerised model to assist in the eval
uation of the effects of various alternative arrangements 
on traffic flow and plant requirements and layout. 
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INrRQDUCTION 

1. At pr~sent (March 1970) there are in the UK about 14 
million telephone stations, about 26,000 telex stations 
and about 7,000 data terminals. These yield about five 
million trunk calls per day (almost wholly telephone 
calls), growing at a rate of about 12% per annum. In the 
future, new services, especially data services, and per
haps a ''viewphone'' type service, are likely to be intro
duced and there will be advances in technology, partic
ularly in the fields of digital transmission and switching; 
furthermore, very high capacity transmission systems are 
likely to become available. These changes, together with 
continuing growth, suggest that the trunk network of the 
future may be very radically different from that of the 
present day. To study this problem, the British Post 
Office (BPO) set up a team of engineers, traffic experts, 
marketing experts and computer programmers to review the 
development of the trunk network in terms of traffic 
operation and technology, and to recommend a strategic 
framework for planning and development in the post-1975 
period up to about the year 2000. TPis Paper outlines 
the study and describes a computerised model of the UK 
trunk network developed to assist in this work. 

STUDy METHOD 

2. Telephony, data, the viewphone-type service and the 
remaining services, treated as a miscellaneous group, 
require individual study before the evaluation of their 
collective effect, though when each is being separately 
studied, the probable repercussions of the other services 
have to be taken into account. Many technical, network 
layout, traffic and cost variables enter into the problem. 
The technical variables are: 

different types of transmission plant 
different types of switching and control plant 
different signalling systems~ 

The network layout variables are: 

different numbers and positions of trunk centres 
different functions of centres 
different transmission plant layouts. 

The traffic variables are: 

different traffic levels at different dates 
different routing strategies and hierarchical 
arrangements 

- upper and lower traffic error limits. 

The cost variables are: 

different cost levels at different dates 
different costs for different plant types 

- upper and lower cost error limits. 

3. To enable all these variables to be studied, a 
computerised model of the UK trunk network was required. 
The territory comprising the UK has a highly- irregular 
shape, and contains wide variations in topology, popu
lation density and telecommunications characteristics: 
no parts of the trunk network can be regarded as typical 
to any significant extent, and hence the computerised 
model chosen represents the complete network. The 
network model contains: 

- all transmission plant flexibility points 
- all transmission links between transmission 

flexibilit~ points 



all points at which traffic is switched (trunk 
centres) 
all traffic routes between trunk centres 
all traffic routes connecting local exchanges to 
trunk centres. 

The last item, traffic routes connecting local exchanges 
to trunk centres, consists of a limited range of typical 
configurations, but all other items individually rep
resent anticipated or postulated points or plant items in 
a network. The model is dynamic in as much as all the 
items can be changed to suit the situation under study, 
and are optimised as the study proceeds. 

4. Selections of technical variables are assembled into 
''Technical Plots", each representing a possible future 
technical arrangement of the network (sometimes much 
simplified), and having associated with it sets of costs 
for each base date. A technical plot, a set of layout 
variables, and a routing strategy are chosen, and the 
base date to be studied fixes the remaining variables 
except that alternative costs and traffic levels may be 
chosen when testing the sensitivity of the network to 
errors in these. It is then the prime purpose of the 
computerised process to optimise the traffic routing, 
circuiting and plant layout of the selected network. 
With the exception of the location of trunk centres, all 
the features listed in paragraph 3 are optimised within 
the process, which also yields sufficient data to permit 
the location of the trunk centres to be optimised as a 
separate process on a "trial and error" basis. 

5. Costs have been derived for each type of plant 
entering the process, and these are in two forms, 
marginal and total. The marginal costs (added cost per 
added plant item) are used for determining the routing of 
traffic, and total costs are used for costing the 
resultant network. In some cases the marginal and total 
costs are identical. Future cost trends were studied, 
and sets of costs calculated for the years 1975, 1985 and 
2000, the fixed ''base dates" used throughout the studies. 

6. The costs for each base date are in the form of 
annual charges, and have been derived on a cost-per-unit 
basis (eg per erlang or per circuit), and vary with the 
size of the transmission route, switching centre or 
other system being costed. Transmission plant costs 
have been broadly divided into frequency division multi
plex (fdm) and pulse-code-modulation time-division 
multiplex (pcm/tdm) systems. They have been expressed in 
the form of cost curves, each covering the full range of 
plant sizes likely to be met in practice. Switching 
equipment has been similarly divided into types and cost 
curves produced: separate curves are available for pcm/ 
tdm switching systems working in fdm and pcm/tdm trans
mission environments, and for wide-band (eg viewphone) 
switching. Transmission plant is, in practice, provided 
in modules, the basic module being 12 circuits in the 
case of fdm plant and 24 or 30/32 circuits in the case of 
pcm/tdm, and has been costed on a modular basis. Pcm 
switching plant is also largely provided in modules of 24 
or 30/32 circuits, and has been similarly treated. The 
costs of alternative signalling and control techniques 
have also been derived. 

TRAFFIC ROUTING 

7. The traffic between two centres may be routed, 

wholly over a direct route ("direct routing" over 
a "fully provided route"), 
wholly indirectly over routes via an intermediate 
centre or centres ("indirect routingll), or, 
partly over a direct route operating on a "high 
usage" route, with the remainder, or "overflow" 
being directed round an indirect routing ('~igh 
usage working"). 

The traffic between each pair of centres has to be 
examined to determine the cheapest way of dealing with 
it, and this requires the costing of each of the above 
alternatives. 

DIRECT ROUTING COSTS 

8. The cost of a fully provided direct route is obtained 
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by multiplying the number of circuits required by the 
cost per circuit for up to three separate paths through 
the transmiss ion network. The determination of the 
number of circuits required is dealt with in paragraphs 
18 and 19. The costs per circuit are obtained by a 
computerised process that carries out a search of the 
transmission network to find the three cheapest paths 
(if there are so many) through it between the two centres 
concerned, via intermediate transmission flexibility 
points as necessary. During this process, the costs of 
the transmission plant are derived from the curves 
described in paragraph 6, choosing the curve appropriate 
to the plant, and a point in the curve appropriate to the 
route size: cost per mile, cost per termination and cost 
per flexibility point are derived separately and com
bined to give overall costs. The appropriate line 
signalling costs are selected and inserted. For the 
purpose of working out the transmission plant costs of 
the route, the circuits are rounded up to a whole number 
of transmission modules, with a minimum of two. The 
transmission plant modules are divided between the three 
paths (or two of them if only two modules are justified), 
thus giving "diverse routing" to ameliorate the affects 
of plant failures: however, paths costing ~fo more than 
the cheapest are not used. The costs per erlang or per 
module of switching are derived from the curves described 
in paragraph 6, taking account of the size of the 
switching centres, and inter-register signalling costs 
are included if appropriate, to give the total cost of 
the direct routing. 

INDIRECT ROUTING COSTS 

9. The cost of an indirect routing is obtained by 
multiplying the cost per erlang of the cheapest suitable 
indirect routing by the number of erlangs. The cheapest 
suitable indirect routing is determined by a computerised 
process that carries out a search of the switching net
work to find the cheapest indirect path over the direct 
routes inter-connecting the switching centres, taking 
account of all the costs concerned. The suitability of 
the routing is governed by a set of rules, and Figure 1 
illustrates a typical set of permitted indirect routing5. 
The additional cost per additional erlang of the direct 
circuits making up the indirect routing are derived from 
the cost per circuit calculated as described in paragraph 
8, taking into account the size (in terms of erlangs) of 
the route concerned. The costs per erlang of switching 
are derived from the curves described in paragraph 6, 
taking account of the size of the switching centre. 
Signalling costs are incorporated as appropriate, the 
method depending on the type of signalling. 

HIGH USAGB VIORKING COSTS 

10 . The high usage costing process is a mUltiple cost
ing process in which the number of circuits constituting 
the high usage route is varied from a minimum to a 
maximum, the resulting costs of carrying the direct and 
indirect components of the traffic being calculated for 
each case, and the case having the lowest cost being 
chosen. The upper and lower limits of the number of 
circuits constituting the high usage route are pre
determined, but the value of the predetermined limits 
can be changed to enable different circuiting strategies 
to be examined. The costs of the direct (high usage) 
route are obtained as described in paragraph 8, except 
that the minimum number of transmission modules and, 
consequently, paths used through the network, may be one, 
and the costs of the indirect route are obtained as 
described in paragraph 9. The determination of the 
quantity of the traffic overflowing from the high usage 
route is based on the normal erlang loss formula, and is 
calculated by successive applications of the formula. 

Where A = 
N 

BN = 

A. BN_l 
N + ~-l 

traffic offered 
number of circuits 
traffic overflowing 

~2A] 
from N circuits 
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• 

• 
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The traffic so calculated ie increased b,y 23% and then 
costed as if it were pure chance traffic. A subsidiary 
study has shown that, under the conditions normally met 
in practical routing situations, the number of additional 
circuits required on the routes constituting the indirect 
path when the overflow traffic is added to them give 
approximately the same answer when calculated in this 
manner as when a full calculation based on Wilkinson's 
method (see reference 1) is used. In this part of the 
process, exact details of all the traffic to be offered 
to each intermediate route are not known, so that a 
measure of approximation is in any case inevitable. 

11. The costing process for each size of high usage 
route is normally carried out over the whole range of 
sizes from the minimum to the maximum. Since line plant 
and pom switching plant are costed in modules; coste do 
not form a smooth progression as the size changes. More 
than one cost minimum could occur, each of which has to 
be detected, and the lowest chosen. In practice it has 
been found that high usage route sizes containing circuit 
quanti ties equal to an exact multiple of the module size 
are nearly always chosen as the cheapest size. 

CHOICE OF BOUTING 

12. The results of the direct, indirect and high usage 
costings are compared, the appropriate routing chosen 
and the details recorded. These are later output or 
further used within the process. In cases where traffic 
quantities are so high or so low that a direct routing or 
an indirect routing is clearly the only possible choice, 
the unnecessary parts of the full routing-choice 
procedure are omitted. 

SWUENQE OF ROUTE JUSTIFICATION 

13. The determination of routing by the means described 
in the foregoing paragrapha commences by considering the 
traffic between the exchanges in the lowest order of the 
hierarchy, and the traffic not carried on direct routes 
between these i .s passed to higher order exchAnges: the 
process then proceeds up the hierarchy examining the 
routes at each level in turn, and passing traffic not 
carried at one level to a higher level. 

14. Clearly, to enable the process to start, them must 
be an initial network of routes which can be used for 
indirect routings. According to the routing strategy 
adopted, such indirect routings may be restricted to two 
links interconnecting Basic Switching Centres (BSCs)~ or 
up to five links involving switching at · Prilll8.l'Y' or 
Secondary Transit Centres (PTCs or STCs)~, as illustrated 
in Figure 1. A special computer process has therefore 
been construoted which examines the traffic quantities 
under consideration, and on the basis of some ·very simple 
dimensioning rules, postUlates a preliminary network of 
routes suitable for indirect routings. The resultant 
"over-provided" network is, by design, generous both in 
terms of the numbers of routes and their sizes. The 
alternative to this method would be to assume that all 
centres were interconnected and all such routes were 
suitable for indirect routings, but this would lengthen 
the subsequent processes intolerably. 

~ The terms Basic Switching Centre, Primary and 
Secondary Switching centre zthe latter two bei~known 
collecti vely as Transit Swi tching Centres (TSCs l! ~e 
special to this study: they do not form part of standard 
BPO terminology. 
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15. Routes between BSCs can be inserted or removed by 
the computer process , but routes involving TSCs can 
only be removed, and it is for this reason that all 
probable routes involving TSCs have to be generously 
available from the outset. The difference in treatment 
of routes between BSCs and other routes arises from the 
fact that the BSCs are sources and sinks of traffic, 
and hence the need for routes between them can be 
examined and re-examined on the basis of this terminal 
traffic plus any indirect traffic that the routes may 
have attracted. On the other hand all the traffic 
appropriate to routes involving TSCs is indirect and is 
not known unless a route is postulated in the first 
place. Henoe, during optimisation of the network, any 
route can be deleted if it is not justified, but only a 
BSC to BSC route can be inserted. The rate of 
elimination of surplus routes is restrained (for 
reasons, and by means, that are described in paragraph 
17) so that they are removed gradually by a process that 
has to be iterated several times. 

16. Within each iteration, the process proceeds in a 
series of steps, each dealing with a ''Level'', as 
follows: 

Level 1A examines all pairs of BSCs between which 
there is traffic but no direct route, and decides 
how the traffic should be routed: if indirect 
routing or high usage working is justified, the 
indirect or overflow traffic is allocated to a 
suitable routing. This may be via TSCs or via 
one intermediate BSC, using routes justified by 
the previous iteration, or contained in the 
initial overprovided network (paragraph 14). 

- Level 2A examines the remaining BSC to BSC 
routes (ie those justified by the previous 
iteration or contained in the initial over
provided network) and determines their 
justification on the basis of their terminal 
traffic and the indirect traffic offered to them 
by Level 1A. 

- Level 1B re-examines the relations examined in 
1A in the light of any changes made in 2A to the 
routes available for indirect routing. It 
re-determines the traffic routings, and records 
the results for later output or further use 
within the process. 

- Level 2B re-examines the routes examined in 2A 
insofar as they still exist, and determines their 
size in the light of any changes to the indirect 
traffic resulting from Level 1B. 

Level 3 examines the "auxiliary" routes (shown in 
thin lines in Figure 1) between BSCs and PTCs, 
and determines and records the route sizes and 
traffic flow. Indirectly routed traffic, 
including overflow traffic, is allocated to a 
higher ''Level''. 

- Levels 4, 5 and 6 repeat the Level 3 process for 
auxiliary routes between BSC and STCs, between 
two PTCs and between PTCs and STCs respectively. 

- Level 7 determines the circuit quantities for the 
''basic'' routes shown in thick lines in Figure 1: 
these . routes must be fully provided. 

It will be noted that, with the exception of Level 2, 
the routes in the Levels higher than that being currently 
examined supply the indirect routings, until they 
themselves come to be examined, when they constitute the 
direct routings. In the case of Level 2, the permitted 
indirect routings include those over other Level 2 
routes. 

17. Because, initially, routes involving TSCs are far 
too plentiful, there is a danger that the traffic will 
be spread so thinly over them by the main computer 
processes that they will be eliminated early in the 
process, and, as already explained, once they have been 
e~iminated, the procedure does not permit them to be 
re-examined. Furthermore, (again because routes are 
initially f a r too plentiful), cheap indirect routings 
may be available initially that will not be available 
later, and this also may result in the direct route 
under consideration being eliminated. These dangers are 
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avoided by introducing two factors into t he process. 

- in early iterations traffic passed up the 
hierarchy is artificially augmented by t rea ting 
a minimum proportion of the traffic parcel being 
examined as indirect, irrespective of the 
existence of, or size of, any direct route (fully 
provided or high usage) that may be justified 

- in early iterations the costs of indirectroutings 
are artificially increased to bias the route 
justification process towards retaining direct 
routes. 

The tV/o artificial factors are gradually reduced 
iteration by iteration so that they are entirely absent 
from later iterations. 

CIRCUITING 

18. Fully provided routes carrying pure chance traffic 
(ie not carrying overflow traffic) between two BSCs are 
circuited to a grade of service of .04 when the normal 
traffic is increased by 10""';. Similar fully provided 
routes between a BSC and a higher order centre, or two 
higher order centres are circuited to a grade of 
service of .02 when normal traffic is increased by 10%. 
This gives nominal grades of service of .02 and .01 
respectively with a built-in allowance for 10% overload. 
Calculations are based on the Erlang loss formula and 
are simplified to the form N = a~ + bE + c where 

N = number of circuits 
E = traffic offered 
a, b, c are constants 

when it is necessary to allow for graded circuit groups, 
the value of N is readjusted to M where 

M q + P (N - q) 
q "availability" of group of circuits 
p a constant. 

19. Fully provided routes carrying overflow traffic 
(overflow routes) are circuited using the following 
method. The relevant traffic quantity is described 
by its mean value and its variance-to-mean ratio, and 
tables have been constructed that enable the number 
of circuits required on the route to be determined from 
these quantities. The tables cover a range of 0 to 12 
in the value of the mean, and from 1 to 3.2 in the 
value of the variance-to-mean ratio. When the mean 
exceeds 12, equations of the type 

N fE + g 
when N = number of circuits 

E = erlangs (mean) 
f and g are constants 

are used for each value of the variance-to-mean ratio. 
Graded circuit groups are allowed for in the same way 
as described in paragraph 18, and the grades of 
service used are the same as those described in that 
paragraph, except that the loss is not permitted to 
exceed .04 or .02 (for the inter-BSC and non-inter
BSC cases respectively) when the normal traffic is 
increased by 3E or 10%, whichever is the greater (this 
differs from the previous paragraph only in the 
introduction of the 3E allowance). This 3E allowance 
is to protect the overflow route from the effects of a 
failure of a 12-circuit transmission module on an 
associated high usage route: a higher erlang allowance 
is used when the high usage routes use 30/32 circuit 
transmission modules. 

20. The number of circuits appropriate to a high usage 
route emerges from the costing process described in 
paragraph 11. 

THE MAIN TRUNK TRANSMISSION NETWORK 

21. The circuit quantities for the telephony traffic 
between DSCs, are obtained as described in paragraphs 7 
to 20, and for the wideband switched servi ce (eg 
viewphone) by a slightly modified process. The 
information emerges as details of the circuit modules 
required between switching points, and since these are 
based on the cheapest path process described in 
paragraph 8, details of the intermediate transmission 
flexibility points and transmission plant modules are 

• 

• 
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available: the component circuit modules of each route 
may follow up to three different paths through the 
transmission plant, so that up to three different sets 
of transmission and modules flexibility points may be 
involved. These details, together with details of the 
data service requirements and miscellaneous speech, 
vision and similar requirements (these may be added as 
percentage increases in plant requirements) are used to 
assess the numbers of modules required between the 
current layout of transmission flexibility points. 
Transmission flexibi lity points not directly connected 
by links are then examined, and further links inserted 
if justified. ~e new links could be large and their 
effect on the network significant, so the modules no 
longer required elsewhere because of their insertion 
are deleted. Next, the lightly loaded links are 
examined, and if not justified, deleted, provided this 
does not result in part of the network being isolated. 
When determining which links to delete, consideration 
is given to the number of modules on the links and their 
length. 

22. The insertion and deletion of links in the new 
transmission' network is optional, but when either of 
these options is chosen, the traffic routing and 
circuiting operations described i n paragraphs 7 to 20 
need to be repeated to enable the switching network 
to be re-optimised and the size of the links in the new 
transmission netwo~k to be re-calculated. This process 
can be repeated several times if a higher degree of 
optimisation of the transmission network is desired • 

THE LOCAL TRUNK NEl'WORK 

,23. As a separate operation, the plant between BSCs 
and local exchanges is costed. Each BSC serves one or 
more charging groups, each of which is assumed to have 
one of two standard configurations depending on its 
size. The cost of connecting this configuration to its 
BSC via the transmission network appropriate to the 
scheme being studied is calculated by a computer program. 
This program also carries out the BSC exchange costing. 

24. The results of the switching network design, the 
transmission network design and the local-to-BSC network 
details are brought together, and some miscellaneous 
costs added (notably costs of TSC switching, and of the 
transmission plant capacity required by miscellaneous 
services). The resultant costs and network details are 
then analysed and made available in a form suitable for 
interpretation. 

THE COMPUTER PROCESS 

25. The computer process contains 9 stages, and is 
illustrated in Figure 2. Stage 1 assembles the traffic 
data into a matrix of the traffic from every BSC to 
every BSC and passes it to Stage 4. Stage 2 determines 
the three cheapest paths through the transmission 
network between all switching centres (paragraph 8) and 
makes these available to Stages 4 and 4A. Stage 3 
prepares the initial overprovided switching network 
(p&ragraph 14) that enables the iterative traffic 
routing and circui ting process to start, and passes this , 
to Stage 4. Stage 4 is the iterative routing and 
circuiting process (paragraphs 7 to 20). Stage 4A uses 
information from Stage 2 and 4, to convert the c~rcuit 
requirements and traffic details into transmission and 
switching plant requirements. It passes the transmission 
plant requirements to Stage 6, which, at the same time, 
receives details of the remaining services, data 
switching, miscellaneous services, and telep~ony or 
wideband switching (whichever is not being dealt with in 
Stage 4), and constructs. a new transmission network, 
deleting or adding transmission links as appropriate 
(paragraph 21) 0 Stage 7 costs the BSC areas, and 
Stage 8 derives TSC and miscellaneous costs, and 
produces overall cost totals. The network layout 
results are analysed in Stage 9. Re-i terative paths 
exist within Stage 4 (optimisation of the switching 
network) and round Stages 2, 4, 4A and 6 (optimisation 
of the transmission network). 

~ 
26. By comparing the output of different computer runs 
based on different sets of input data, it is possible 
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to determine the optimum number of swit ching centres, 
and their location, size and hierarchical arrangement, 
together with the location and size of t he major 
transmission routes: the location and size of very ~i 
capacity transmission systems, and their effect on 
traf"" ",c routing and plant layout are of particular 
interest. The cost and other consequences of various 
d.egrees of integration of digital swi. tching and 
transmission, of different routing strategies, and of 
different transmission, switching, signalling and control 
systems can also be evaluated. Thus, the computerised 
model described in this Paper is a valuable tool for use 
in the long term planning, optimisation and development 
of the JK trunk network. 
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