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ABSTRAcr 

The paper discusses the steps required ' in a 
long term study of a national trunk tele
communications network and describes the 
application of a computerised model to the 
optimisation of the switching and line plant 
layout of the UK trunk network. Mention is 
made of the implications of digital working 
on the number of trunk switching centres, line 
plant layout and the provision of high usage 
routes. Some comments are made on sensitivity 
studies and on the planning of digital 
networks. 
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INTRODUcrION 

1 During the last few years, from about 1967 
to 1971, the British Post Office (BPO) has 
carried out a large scale study of the long term 
future of the UK trunk telecommunications net
work. In this work it has made use of the 
computerised self-optimising network model 
described in the paper entitled "A Self
Optimising Network Model for the Long Term 
Planning of the UK Trunk Telecommunications 
Network" presented at the Sixth International . ____ 
Teletraffic Congress. At the time that paper 
was prepared the computerised model was appro-
aching completion but was not yet working: it 
has since been completed and used for network 
optimisation studies. This present paper out-
lines the rationale lying behind the studies, 
refers to some features of the network model, 
and describes some of the results obtained. 

COST STUDY RATIONALE 

2 The long term study of a telecommunications 
network should ideally contain all the following 
steps: 

- information should be collected about the 
numbers and distribution of various 
customer terminals and the traffic they 
originate: this traffic data should 
normally be in the form of a matrix 
showing the traffic between centres 

- the collected data should be processed 
(normally by computer) to produce a 
series of matrices showing the forecast 
traffic at a series of dates over the 
study period, probably 30 years 

- forecasts should be prepared of the 
technologies and plant systems likely to 
emerge during the study period, their 
costs estimated and cost trends forecast 
(at constant pr ices) 

- a range of "network futures" should be 
prepared, each describing a different 
form that the network could take at the 
end of the study period 

- the theoretically ideal traffic routing 
and plant layout should be determined 
for each network future for a series of 
dates in the study period to obtain a 
series of theoretically ideal future 
layouts 

- the theoretically ideal future layouts 
should be studied, and plans prepared 
for the conversion of the existing net-
wo'rk to a form near to the ideal: the 
plan should include details of inter
working proposa1s for the conversion 
period 
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- the alternative plans obtained in this 
way should be compared using present 
value studies either for the total 
network or for selected portions of it 

- sensitivity tests should be carried out 
to check the effects of variations in 
cost forecasts, traffic forecasts, etc. 

It will be noticed that the study first 
derives theoretically ideal networks appro
priate to the new technologies, cos·ts, etc. in 
order to determine a theoretical target before 
going on to examine practical plans and costs 
for converting an existing network to a new 
form. When studying the long term network 
configuration appropriate to a new plant type 
it is necessary to assume that all the plant 
in the network (or a specifically studied sub
division of it) is of the new type: to do 
otherwise would result in traffic flows and 
plant layouts that were largely dicta,ted by 
transitionary interfacing and interworking 
arrangements, and there would be a real danger 
of retaining obsolete plant beyond its true 
economic life. In this part of the study the 
technique is to take a series of "snapshots" 
at given points in time (using annual charges) 
rather than to use present value methods 
(present value of annual charges, or discounted 
cash flow) spread over a study period. This 
allows the traffic flows, and plant costs and 
quantities, to be appropriate to the year in 
question in situations where these change 
from year to year. However, studies on this 
basis have an element of idealism which makes 
it necessary to include practical considera
tions in their interpretation and to check 
any deduct'ions by means of present value 
studies: the present value studies form the 
basis for final decision making. In the case 
of the studies carried out by the BPO, the 
present value costings of parts of the network 
over a 30-year period indicated that the 
deductions had been sound, and hence a costing 
of the entire network using present value 
methods was not necessary. Nevertheless, for 
financial control reasons, overall costings of 
this type have been set in hand as part of the 
detailed study of modernisation of the UK 
network. 

FINANCIAL STUDIES 

3 An overall financial study of the entire 
network is needed to enable a costed plan with 
acceptable cash flows to be described in 
sufficient detail to permit final management 
decisions to be taken: such studies must cover 
parts of the local as well as the trunk network, 
though these two ingredients can be studied 
separa tely and the resu'l ts then brought 
together. In the t.runk network the studies 
will contain 2 stages beyond those already 
described. These are: 

- the network plans for the study period 
must be drawn up in greater detail 
(especially with regard to the conver
sion of plant to the new types and the 
proposals for the interworking between 
the old and the new) 

- a dis counted cash flow study of the 
whole of the trunk network over the 
study period must be carried out. 

DEPTH OF STUDY 

4 The amount of work involved in carrying 
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out all these steps in a network as large and 
varied as that of the UK is enormous, even 
with the help of large computers. However, it 
is doubtful whether total optimisation is 
possible, or, indeed, is either desirable or 
meaningful in view of the imperfect techniques 
that must of necessity be used in practice 
when determining traffic routing and planning 
the network. Even although, as the studies 
proceeded, the results of forthcoming work 
could be broadly foreseen, thus en~bling the 
next stage of work to be directed into the most 
profitable areas of investigation, and permit
ting some short cuts, nevertheless the amount 
of work involved in the studies was formidable. 

COMPUTER MODEL 

5 Two basically different types of computer 
model are required for the evaluation of a 
register-controlled switched network. The first 
is a ~etwork configuration model, making use of 
annual charges to enable traffic routings to be 
calculated and the consequential quantities of 
plant to be determined: such models are almost 
invariably reiterative or recursive, though it 
has been suggested that, as an alternative, 
dynamic programming techniques could be used. 
The second model is required to cost alter
native plant provision plans using discounted 
cash flow methods. It is possible to conceive 
a single model incorporating both features, but 
such a model would be highly complex and, for a 
large network, probably impracticable. There 
would be the additional difficulty that the 
output of the traffic routing part of the model 
requires human interpretation and adjustment 
before it is suitable to form the input to the 
discounted cash flow model. 

THE NETWORK CONFIGURATION MODEL 

6 Of the two types of model, the network 
configuration model presents the greater and the 
more complex problems, and such was the model 
described at the 6th International Teletraffic 
Congress. It contained two interactive 
reiterative processes, one optimising the pat
tern of traffic flow, and the other the 
pattern of line plant layout: this is illustra
ted in Figure 1. It will be seen that from the 
traffic data a preliminary transit network is 
formed: the transit network is that part of the 
total network which is available to carry 
multi-link traffic. A preliminary plant layout 
also forms an initial input, and from this 
preliminary circuit costs are determined for 
all potential as well as traffic links postula
ted to "exist". After the first iteration the 
preliminary circuit costs and preliminary 
transit network are replaced by revised circuit 
costs and by a revised transit network: the 
original data on traffic flow are however used 
throughout all the iterations. The inner 
iterative process (marked X in Figure 1) routes 
the traffic over new routes using the circuit 
costs supplied and then produces a new network, 
including that part used for transit routing. 
The revised network provides new transit 
routing network data for the next iteration. 
When traffic routing has been optimised using 
the preliminary plant layout and preliminary 
circuit costs, the process moves into the outer 
iteration (marked Y in Figure 1). The outer 
iterative process uses the output of the inner 
optimising process to determine the new line 
plant requirements and revise the line plant 
layout accordingly. From the new layout it 
determines revised circuit costs and these are 
input into the inner iterative process to 

• 
• 

• 
• 



• 
• Z 

0 
i= c 
a:: 
1&1 

t 

a:: 
1&1 
I-
j 
0 

• 

TRAFFIC AND OTHER 
FUNDAMENTAL DATA 

, 

~ 
1&1 g 
a:: 

PRELIMINARY 
TRANSIT ROUTING 

NETWORK DATA 
L 
L 

~ a:: 
C 
I-
CIl 

Z 
0 
i= c 
a:: 
1&1 

t 

a:: 
1&1 
z 
~ 

$ 
DETERMINE TRAFFIC ROUTINGS 

DETERMINE CIRCUIT 
REQUIREMENTS X 

Y 

DETERMINE 
LINE PLANT 

REQUIREMENTS 

Figure 2 

COMPARATIVE COSTS AT 1986 FOR 
A WHOLLY DIGITAL TRUNK NETWORK 

ANNUAL CHARGES 
(UNITSI 

52.0 

o 100 200 300 400 

NUMBER OF TRUNK SWITCHING CENTRES 

LEGEND 
(a) = Median costs, switching equipment and line plant 
(b) = Upper limit costs line plant. median costs 

switching equipment 
(c) - Upper limit costs switching equipment median 

Figure 1 

THE SELF-OPTIMISING MODEL 

PRELIMINARY 
PLANT LAYOUT 

J ~ 
PRELIMINARY 

Cl RCUIT COSTS 

~ 

? . 

REVISE TRANSIT 
ROUTING NETWORK 

DATA 

REVISE LINE ~ Y PLANT LAYOUT 

Figure 3 

COMPARATIVE COSTS AT 2001 FOR 
A WHOLLY DIGITAL TRUNK NETWORK 
(USING MEDIAN COSTS) 

ANNUAL CHARGES 
(UNITSI 

42.0 

1 

\ 
................ 

) 
o 100 200 

-~ 

300 

NUMBER OF TRUNK SWITCHING CENTRES 

costs line plant 
532/3 

Y 

REVISE 

CIRCUIT 

COSTS 

---..-

400 

ITC 7 



permit a re-optimisation of the traffic 
routing. Thus each outer iteration leads to a 
new inner optimisation. 

7 The inner iterative process normally 
became completely stabilised by the 10th itera
tion: subsequent iterations did not alter the 
routing of any element of traffic or change 
the total annual charges. However, it was 
found that the changes between the 5th and 
10th iteration were negligible, and hence the 
process was normally stopped after the 4th 
iteration. The outer iterative process 
normally stabilised on the 4th iteration: sub
sequent iterations resulted in no change in 
line plant layout or circuit allocation. The 
outer iteration was therefore normally stopped 
on the completion of the 3rd outer iteration 
when line plant was being optimised, or on 
completion of the 2nd iteration if traffic 
routing was being optimised but the optimum 
line plant layout was not required. 

8 The development of the computerised net
work configuration model has involved some 20 
man-years of programming effort and has taken 
over 2 years. The programs are written in 
COBOL and User Code, and are run on an ICL 4/70 
computer using 400 kbyte storage capacity 
(1 byte equals 8 bits), 8 tape decks and 2 disc 
units. The optimisation of traffic using the 
full UK networks takes typically 1 to i hours 
of computer time , and opt1misation of line 
plant layout up to 7 times this period. 

THE NETWORK FUTURES 

9 Numerous network futures were derived by 
selecting combinations of the following 

- transmission systems: analogue or 
digital 

- switching systems: analogue/space, 
analogue/tdm, digital/space or 
digital/tdm 

- signalling systems: in-band, out-band 
or separate channel/addressed (CCITT 6 
is an example) 

- control: stored program control or 
distributed control. 

By various processes of elimination, 3 combi
nations emerg~d as being of special interest: 
these will be referred to as the present net
work, the intermediate network, and the 
digital network. They contained the following 
ingredients 

- the present network: analogue 
transmission, analqgue transmission, 
analogue/space switching, in-band 
signalling and distributed control 

- the intermediate network: digital 
~ransmission, analogue/space switching, 
1nterprocessor separate channel/addres
sed signalling and stored program 
control 

- th 0 di g ital network: digital trans
mi ss ion , d i gital/tdm switching, 
i n1.e r p r ocessor s e parat e channe l/ 
add r ess e d signalling and s tored program 
contro l. 

Va ri a n ts o£ the int e rmediat e and digital net
wo r ks a ssume d di s tribut e d control and in-band 
or o ut-band signalling inste ad of stored 
l' ro<:'lr am cont r o l wi th s eparat e chann.el/ addressed 
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signalling. Because of the similarity in 
costs, the present network was considered to be 
representative of an alternative intermediate 
network containing analogue transmission and 
digital/tdm switching. Network futures 
involving the space switching of digital bit 
streams, and the use of separate digital/tdm 
higher order switching centres in an otherwise 
analogue/space switching network were elimin
ated on cost grounds and not used in network 
configuration studies. 

THE STUDIES 

10 The traffic routing and network configura
tion of the network futures selected for study 
were evaluated for the years 1986 and 2001. 
The "present" network was also evaluated for 
1976. The years chosen for the evaluation 
correspond to the years used in national 
censuses in the UK. The evaluation normally 
assumed that high usage wocking would be used 
where appropriate, that the grades of service 
would be slightly better than those at present 
in use, that a high usage route would not 
contain more than 3 basic 30-circuit modules 
of digital plant, and that fully provided 
routes would contain not less than two such 30 
circuit modules. As will be seen later under 
"se~sit~vity tests" these assumptions were 
var1ed 1n some evaluations . . 

11 Some of the more interesting results 
obtained using the network model are discussed 
in the following paragraphs. 

NUMBER OF TRUNK SWITCHING CENTRES 

12 The results for a digital network at 1986 
and 2001 are shown in Figures 2 and 3. In 
these figures the total network annual charges 
are shown for networks containing from 30 to 
420 trunk switching centres which have had 
their traffic flow and line plant layout opti
mised using the network model. In Figure 2 
the effects of varying the relative costs of 
switching and transmission plant are shown 
and it will be seen that, although increas~d 
plant costs naturally raise the network costs 
they do not affect the optimum number of trunk 
switching centres. Figure 2 shows that the 
optimum number of centres lies between 70 and 
?O, and that costs rise rapidly if the number 
1S reduced below thi.s optimum, but rise much 
less steeply if the number is increased above 
the optimum. It should be borne in mind that 
the present network contains about 350 
analogue/space trunk switching centres. 
Figure 3 shows th~ at the year 2001 the 
minimum is in the region of 150-200 ~entres 
and the curve is much flatter, except below' 
about 70-90 centres. The difference in the 
shapes of . the. curve at 1986 and 2001 is partly 
due t~ sW1tch:ng costs becoming cheaper 
relatl~e t~ llne plant costs as time goes on , 
b~t pr1~ar1ly due to the increasing efficiency 
wlth Wh1Ch the rather large basic module of 
30 circuits is used as the traffic density on 
the smaller traffic routes increases. 

13 The evaluation of the intermediate network 
produced curves almost identical with those 
shown in Figures 2 a r.d 3 exc ept that the total 
network costs were significantly higher. The 
"present" network was studied only for 1976 
and 1986, and showed that the minimum of trunk 
switching centres was about 350 (the exact 
number was not economically critical). The 
current network, which is the result of 
generations of optimisation, contains 365 trunk 
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switching centres, and the close correspondence 
between these two figures provides a useful 
check on the operation of the network model: 
in fact a run of the model based on the present 
375 switching centres produced a pattern of 
routes almost exactly corresponding with that 
planned for the real network by the BPO opera
tional departments. 

14 From the results obtained it can be 
deduced that, as the amount of digital 
transmission plant in the network increases, 
the economically ideal number of truhk switch
ing centres decreases, but that the economic 
advantage resulting from reducing the present 
number i ,s small, and would almost certainly 
be outweighed by the cost of reorganising the 
network unless this is done at a time 
convenient to each centre as part of a long 
term plan covering the remainder of the 
present century. However the practical 
implications of such a plan need study before 
any move to reduce the number of switching 
centres could be undertaken, and such studies 
have yet to be undertaken. 

LINE PLANT LAYOUT 

15 Optimisation of the line plant network 
using the outer iteration of the computer model 
led to the conclusion that a simple grid 
containing relatively small numbers of large 
transmission links was cheaper than a mesh 
containing a mUltiplicity of smaller trans
mission links. The simple grid leads to a 
less direct routing of circuits, with the 
attendant penalty of multiplexing equipments 
at intermediate flexibility points, but 
nevertheless the large size of the individual 
main transmission links led to net cost savings 
compared with the cost of smaller but more 
direct links. This preference for a simple 
grid would apply whether there was a large or 
small number of switching centres, although 
it will be appreciated that with a large 
number of centres there will be many occasions 
when the final link from the main grid to a 
particular centre will be a small spur link: 
hence a small number of centres is favoured. 
The large cheap line plant routes favour the 
provision of direct traffic routes ' between 
centres, and the optimised line plant led to a 
1% increase in such routes compared with the 
present network configuration: it predictably 
led to less through-switched traffic and lower 
overall costs. Thus, even in a country as 
small as the UK it pays to concentrate on heavy 
transmission links under digital transmission 
conditions even though this may involve the use 
of more multiplex equipment for flexibility at 
intermediate nodes. There is an added advantage 
that network protection by alternative trans
mission links is simpler and cheaper in such a 
network. 

17 ' The method used for justifying high 
usage routes allowed for the fact that line 
plant is provided in minimum modules of 30 
circuits, and, not unsurp~isingly, almost all 
high usage routes justified an exact multiple 
of 30 working circuits. In a typical network 
containing about 300 trunk switching centres 
there were 580 high usage routes of 30 circuits 
each, 450 high usage routes of 60 circuits 
each, and 350 high ' usage routes of 90 circuits 
each (the largest size allowed) and only 50 of 
other sizes. The total number of high usage 
routes was 1430 and fully provided routes was 
1200. In the above figures routes were 
considered to be the aggregate of their incoming 
and outgoing components. The studies showed 
that, in layouts of more than about 200 trunk 
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switching centres interconnected by pcm digital 
plan t, the smaller cen tres could j llS t if y only i\ 

very small number of routes. In the case of i\ 

scheme containing 400 trunk switchinu centres, 
over 100 justified only 1 or 2 routes, and over 
200 justified only 1 to 5 routes. 

SENSITIVITY STUDIES 

18 Numerous evaluations were carried out to 
test sensitivity of the network layout to 
variations in network, cost and other assump
tions made. The results of some of these are 
as follows: 

- changing the switching or transmission 
costs to the upper or lower limits 
estimated had some effect on the slopes 
of the cost curves but did not change 
the position of the minima: this is 
illustrated in Figure 2 where curves B 
and C indicate the results of changing 
the line plant and (separately) switch
ing equipment costs to their estimated 
upper limits 

- using distributed control with in-band 
Or out-band signalling at trunk switching 
centres instead of SPC with inter
processor separate channel/address 
signalling had no effect on the size and 
location of switching centres, although 
it did result in a slight increase in 
total network costs 

- making no provision for high usage 
working did not alter the size or 
number of trunk switching centres, but 
did slightly increase the total network 
costs 

- increasing the grades of service from 
those at present ~n use to slightly 
higher grades of service did not affect 
the number of GSCs: it increased the 
total network costs slightly but 
significantly 

permitting the minimum number of 30-
circuit pcm modules allowed on a fully 
provided route to drop from 2 to 1 had no 
effect on the number of switching centre~ 
though it reduced costs significantly at 
the expense of some loss in network 
reliability. 

IMPLICATIONS OF STUDIES ON PRACTICAL 
NETWORK PLANNING 

19 Complementary cost studies have shown that, 
in an analogue/space switching environment, pcm 
working is particularly economical on trans
mission routes less than about 100 kilometres 
in length. Also it is frequently economic in 
~ituations where it has to interwork with fdm 
transmission plant. These and other results 
have led to the suggestion that digital working 
can best be introduced into selected areas of 
the network, known as "digital conversion 
cells". A cell would typically be some 50 to 
100 kilometres across and contain one or more 
large towns which would form points where line 
plant concentrated. As far as possible line 
plant growth in each cell would be taken up on 
digital transmission plant so that interworking 
with fdm plant would be rapidly reduced to 
negligible proportions: at the same time 
digital plant would build up around the large 
towns. The line plant environment within the 
cell around the large town would thus become 
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ideal for the introduction of digital switching 
and for the termination of long trunk routes. 

20 The work has emphasised the importance 
of three factors in the planning of digital 
trunk networks (i.e. networks containing both 
digital transmission and digital switching): 

- it is important that the switching and 
transmission parts of the network 
should be planned as a single operatio~ 
thus cutting across the traditional 
division between switching engineers 
and transmission engineers 

- the increase of the basic size of 
transmission plant modules from 12 
circuits (frequency division multiplex 
plant) to 30 circuits (pcm plant) has 
underlined the importance of justifying 
high usage and other "optional" routes 
on the basis of 30-circuit line plant 
module costs rather than per-circuit 
costs. When routes are justified in 
this way, high usage routes need, for 
almost all purposes, be considered 
only in complete multiples of 30 
circuits 

digital tran~mission p'lan can be 
introduced economically into networks 
containing analogue plant, especially 
on short routes, but the economics is 
improved when interworking with 
analogue plant is kept low: these 
conditions are well met by the digital 
conversion cell concept. 

CONCLUSION 

21 The construction of a computerised model 
of the UK trunk networ~ proved to be a 
formidable task involving some 20 man-years of 
programming effort spread over a period of 
about 2 years, but the network model, once 
operational, yielded a mass of information 
that could not have been obtained by any other 
means, and which has permitted a long term 
strategic plan for the UK trunk network up to 
the beginning of the next century to be 
proposed. 
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