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ABSTRACT 

If a telephone network is designed so that each junction 
route is dimensioned to the nearest circuit, then when 
the network is re-dimensioned some time later to cater 
for changes in point-to-point traffics the new design 
would probably show that most of the routes should be 
changed by at least one circuit. On the other hand, if 
the network is designed so that each route is dimensioned 
to the nearest preferred modular size (eg 5, 10, 15, 20, 
etc), then when the network is re-dimensioned some time 
later for changed traffics it is likely that only a small 
proportion of routes would need to be changed. This 
paper gives a comparison of circuit requirements and 
costs for a real metropolitan network configured with 
different choices of module size. The paper also includes 
comparative statistics for different choices of module 
size on the number of routes which would require a change 
in size at the time the network goes through successive 
stages of re-dimensioning to cater for the change in 
traffic with time. A strong case is made for the adoption 
of modular engineering as a design principle for metro
politan networks employing alternative routing. 

1. I NTRODUCTI ON 

The planning engineer entrusted with the task of 
dimensioning the junction groups which interconnect a 
network of telephone exchanges seeks to achieve a design 
which will minimise the total cost of the switching 
equipment, transmission facilities and external plant 
whilst also satisfying the Administration's technical 
criteria for congestion loss, transmission loss, etc. 
Since present-day metropolitan telephone networks are 
large, and utilise fairly complicated alternative routing 
patterns, network design is a complex and lengthy pro
cess. Nevertheless, an optimum design for a complete 
network can be obtained by following a systematic pro
cedure, and the process lends itself to computer-assisted 
solution (Ref.1) . 

However, since the number, location and calling habits of 
telephone users change with time in response to demo
graphic and social factors, the traffic wanting ' to flow 
from one exchange to another is not static. It follows 
that if the network is to continue to meet prescribed 
standards of congestion loss the quantity of junctions on 
the interconnecting routes must change. New routes will 
sometimes be required, existing routes may increase or 
decrease in size, and some routes should disappear when 
they are no longer economically justified. Thus the 
planning engineer's problem is not merely to arrive at a 
design which is a minimum cost solution at one point i~ 

time, but to achieve a framework in which network costs 
will be minimised over a period of time. 

In a network with alternative routing, an increase in 
,point-to-point offered traffic between two terminal 
exchanges can be catered for in a number of ways, ranging 
from carrying all of the traffic increment on the direct 
high usage route 1 inking the two terminals (assuming that 
there is such a route), through sharing the increase 
among the route alternatives, to carrying all of the 
increment on the final choice route. A re-design based 
on the higher offered traffic would probably indicate 
some increase in traffic to be carried on the direct, 
alternative and f inal choice routes with consequential 
increases in circuits on all affected routes. More 
careful analysis could show that the most economical 
solution after taking once-only installation and admin-
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istrative costs into account is to carry all the 
'increased traffic on (say) the direct high-usage route, 
resulting in a change to this route only. Thus, it is 
not sufficient to produce a network design which, although 
it will carry the traffic, takes little notice of the 
existing network of interconnecting routes. 

This paper describes a procedure called 'modular engineer
ing' for designing the interconnecting ' junction routes 
for a metropolitan telephone network. It will be shown 
that the modular engineering process can result in a 
network which costs very little more at the chosen 
starting date than would a design using traditional 
methods, and which costs less to update in response to 
changes in traffic than does a traditional design. 

DEFINITION: 
Modular Engineering of trunk and junction groups requires 
that the quantity of circuits initially provided on a new 
route should be a preferred size and that additions to 
existing routes should only be made in mUltiples of a 
preferred size. 

The principles of modular engineering were first des
cribed by Levine and Wernander in a 1967 paper which 
investigated the possible application of the method to 
some inter-city trunk networks in the USA (Ref.2). The 
American Telephone and Telegraph Co. has since adopted the 
method for dimensioning inter-city trunk routes (Ref. 5). 

2. OPTIONS AVAILABLE WITH MODULAR ENGINEERING 

If modular engineering is to be adopted as a network 
design principle, policy decisions must be made with 
regard to the following factors. 

2.1 CHOICE OF MINIMUM PERMITTED ROUTE SIZE 

For various practical reasons it is usual to set a lower 
limit (eg 4 circuits) below which a high usage route will 
not be established. If the traffic does not warrant this 
minimum number of circuits the traffic is first offered 
to the alternative route. When routes are dimensioned in 
increments of one circuit the minimum size of high usage 
route to be permitted can be set at any desired value. 
Modular engineering introduces a complication because the 
minimum size permitted under the module rule may be 
smaller or larger than the desired minimum route size. 
Examples of incompatibility are:-

(-l) a module size of 6 and preferred minimum route size 
of 4. 

( I I) a module size of 4 and preferred minimum route size 
of 6. 

Such conflicts can be resolved by making the minimum 
route size equal to the module size, or by using the 
exact circuit quantity for cases in which the circuit 
quantity 1 ies in the range between the preferred minimum 
route size and the next higher modular quantity. 

2.2 CHOICE OF MODULE SIZES 

Levine and Wernander concluded that for an inter-city 
trunk network a module which is a multiple or sub-multiple 
of the group channel size is most appropriate - eg 
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modules of 6, ·12 or 24 circuits (Ref. 2). 

In metropolitan networks carrier and PCH systems are 
generally not yet used extensively and a decision on 
module size is more appropriately influenced by con
siderations which relate to the switching and terminal 
equipment rather than to the transmission equipment. The 
other major consideration to take into account is the 
relative economics of each possible module size from both 
present and future view pointsj as the costs will be 
influenced by network structure and traffic levels, a 
special investigation is warranted for each network. 

Later in this paper the relative economics of modules of 
2, 3, 4, 5, 6, 8 and 10 circuits are compared for one 
Austral ian metropolitan telephone network. 

There is also a case for using two or more module sizes, 
thus permitting a module to be chosen which is a function 
of the size of the route. For example, modules of two 
could be used on routes up to 10 circuits, modules of 
four on routes greater than 10 circuits, and modules of 
six on routes greater than 50 circuits. Such a policy 
would tend to make the elapsed time between changes to 
routes more uniform than would be the case with a fixed 
module size. 

2.3 CHOICE OF BREAKPOINT 

Having chosen the module size or sizes to be used there 
is freedom to choose the breakpoint in each range at 
which the transition will be made from the lower pre
ferred route size to the upper preferred route size. A 
strong determinant is that a high usage route should not 
be increased in size until it is fairly certain that the 
route would still warrant the larger size even if the 
actual traffic offered to the route falls marginally 
short of the forecast traffic. Hence the breakpoint 
should tend towards the upper end of the module range. 
Furthermore, Levine and Wernander have shown that the 
optimum value of the breakpoint is about 50-70 percent of 
the module size and is not critical in this region (Ref 
2) . 

As an example, if the module size is 5, the minimum route 
size is 3, and the breakpoint is set at 60 percent of 
the module size, the following table would apply: 

Calculated Circuit 
Quantity (X) 

o < X < 3 
3 , X < 8 

G (X < 13 

13 < X ( 18 

etc. 

l10dular Engineered 
Value 

o 

5 

10 

15 

etc. 

2.4 POLICY ON FINAL CHOICE ROUTES 

There are two ways of treating final choice routes -
either provide the exact circuit quantity as calculated, 
or provide the next LARGER preferred size. There is no 
reason why the exact quantity should not be provided, but 
choosing the next larger preferred size has the advantage 
of 

giving an in-built factor of safety against under 
estimation of traffics, 

requiring less frequent changes to the size of the 
final routes, and 

preserving the principle of modular engineering 

On the other hand, the grade of service will be better 
than intended and the number of final route circuits will 
increase. For anyone route the maximum overprovision 
would equal the module size, but on average the increase 
will be about 50 percent of the module size. Thus for 
the network as a whole the circuit penalty through rounding 
final routes is approximately-

(0.5) (module size) (number of final choice routes) 
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3. CALCULATING OVERFLOW TRAFFIC FRO~1 MODULAR GROUPS 

The circuit quantity to be provided on a high usage route 
under the modular system wil I generally differ from the 
exact quantity calculated from the design data and the 
overflow to the a·lternative choice route has to be based 
on the rounded quantity rather than the exact quantity. 
Fortunately, the standard dimensioning formulae, graphs 
or traffic tables can still be used to calculate the 
moments (mean and variance) of the overflow traffic. 

[If the Marginal Occupancy (also called H-factor) 
method of computing the ideal quantity of circuits on 
high usage routes is being used, and the mean overflow 
(oC) from the ideal circuit quantity (X circuits) 

has already been calculated, then a close approximation 
to the mean overflow (cl. ) from the rounded quant i ty 

Y 
of circuits (V) is given by -

cJ. y = tix - H(V-X). provided lv-xl . is small 

H is the design marginal occupancy of the route - ie the 
incremental traffic to be carried on the last circuit 
when the offered traffic is held constant (O<H <1.0). 
Since the actual marginal occupancy will vary as the 
number of circuits varies (see Section 8), this expression 
is exactly true only if lv-xl < I, but is near enough for 
most purposes if lv-xl < 3. Hence, if the module size 
is(5 and the breakpoint is (60 percent of the module 
size, this approximation will cover the cases to be 
encountered.] 

4. BACKGROUND INFORr·1ATION ABOUT THE MODEL NETWORK 

Some findings relating to modular engineering wil I now be 
given for a particular metropol itan telephone network -
Perth, Australia. All input data used in the studies is 
quite real istic for this network. 

Perth has a population of about 800,000 people and there 
are about 300,000 telephone stations. The telephone 
network comprises about 60 terminal exchanges, 10 local 
tandem exchanges and one trunk exchange. Over 80 percent 
of traffic originates from crossbar exchanges with altern
ative routing capabil itiesj the remaining exchanges 
switch their traffic via routes with a fixed grade of 
service. There are at present about 900 high usage 
routes and 200 final choice routes in the network. 

The method used by Telecom Australia for dimensioning the 
circuit requirements from crossbar exchanges with internal 
link congestion is based on the 'geometric group' model 
(Ref 3,4). Final choice junction routes are dimensioned 
for a grade-of-service of .005. In the studies which 
follow it is assumed that the overall Variance-to-Mean 
ratio of aggregated traffics on alternative and final 
routes is 2.0 - this figure being based on measurements 
of the Variance-to-Mean ratio on existing overflow routes 
in the Perth network. 

Typical alternative routing patterns permitted in the 
model network are shown in Fig. 1. Note that all routes 
carry traffic in one direction only and the differences 
in routing from origins 11, 12 and 13 to destinations J1, 
J2 and J3 are intentional. 

The results discussed below were obtained by dimensioning 
and costing the network using a computer-based processing 
system which is regularly used for designing this partic
ular network. The system is described in Ref. 1. 

It should be noted that the study results relate only to 
traf f ic which is originated or terminated by subscribers 
in the Perth metropolitan and outer metropolitan area; 
transit traffic is not included. 

5. EFFECTS OF VARYING THE MODULE SIZE 

In order to study the effect of varying the module size 
on ne twork structure and cost the model network was 
dimensioned and costed a number of times using different 
modules of practical interest (viz 2, 3, 4, 5, 6, 8 and 
10). For comparison, a reference network was engineered 
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LEGEND 
EXCHANGE TVPES : 

I - ORIGIN TERMINAL EXCHANGE 

OTHER 
X-TANDEMS 

J - DESTINATION TERMINAL EXCHANGE 

X - X- TANDEM (FOR ORIGINATING TRAFFIC) 

v - V-TANDEM (FOR TERMINATING TRAFFIC) 

ROUTE TYPES : 

- DIRECT HIGH USAGE 
ALTERNATNE HtGH USAGE 
FINAL CHOICE ROUTE 

Fig.l Alternative routing patte ( ns in the model network 

by dimensioning each route to the nearest single circuit 
using ~ tandard procedures, as outl ined for example in 
Ref 4. 

The same matrix of terminal to terminal offered traffics 
was used each ti~e, the traffics being a short-term, 
network busy hour forecast, based on recent measurements 
for this network. For this study, final choice routes 
were dimensioned to the next higher circuit (rather than 
to the next higher module) so that the grade-of-service 
on final routes would be constant irrespective of module 
size. The minimum size of high usage route permitted 0as 
4 circuits, but as route sizes were required to be a 
mUltiple of the module the actual minimum route size 
varied from 4 to 10 circuits. After considering the 
aspects discussed in Section 2.3 of this paper the 
breakpoint used for transition from the lower preferred 
size to the upper preferred size was set at 60 percent of 
the module size. 

Having computed the circuit requirements for all routes 
the results were used as input to another computer 
program which computed the costs (as annual charges) for 
the internal and external plant needed to meet each of 
the designs. 

The results of this study are summarised in Table 1. 

Three important findings about modular engineering of the 
network under consideration can be drawn from this 
table: 

(i) any of the modules in the range 2 to 6 requires only 
slightly more circuits, and results in only slightly 
higher costs, than the reference network. 

(ii) for modules in the range 2 to 6 the choice of 
module size does not affect to any significant degree the 
number of routes, the number of circuits, or the cost. 

(iii) for modules greater than 6 the modular method 
becomes progressively less economical. This is mainly 
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TABLE I EFFECT OF VARYING THE MODULE SIZE 

(Note - final choice routes are NOT modular engineered) 

ttODULE I11NIMUM ROUTES CIRCUITS 
SIZE ROUTE REQUIRED REQU I RED 

SIZE 

1 4 1091 23448 

2 4 1091 23487 

3 6 1062 23545 

4 4 1092 23563 

5 5 1092 23591 

6 6 1062 23642 

8 8 969 24128 

10 10 883 24791 

* Compared with the reference network 
(Note - total network traffic = 11796E) 

COST COST 
($M) DIFFERENCE 

(%) ,~ 

1.817 0 

1.819 +0.11 

1.822 +0.27 

1.823 +0.33 

1.824 +0.38 

1.827 +0.55 

1.854 +2.00 

1.896 +4.35 

because the reduced number of first choice routes causes 
a higher proportion of traffic to be switched via alter
native routes. 

Thus, from (i) there is no initial drawback to modular 
engineering, and from (ii), the choice of module size in 
the range 2 to 6 can be made on the basis of considera
tions other than first-up costs. For example, on routes 
which use carrier systems, one would favour a module size 
which is a mUltiple or sub-multiple of the group channel 
size. On routes using physical circuits, if all other 
things are equal, one might favour modules which tend to 
minimise the per-unit manhours required to increase the 
size of the route to the next higher preferred size. 
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A module size of 5 has been used in the Perth junction 
network for some time. 5 was chosen because it is a sub
multiple of all the route availabilities obtainable from 
an LM Ericsson ARF group selector stage. Table 1 
indicates that this choice is only slightly sub-optimum 
for a static network. The remaining studies described in 
this paper use module 5 for the purposes of illustration. 

The next objective of the study was to qualify the find
ings of Table 1 by comparing a modular engineered network 
with the reference network at different levels of traffic. 

To simulate an actual situation in which traffic grows 
with time, four additional traffic matrices were pro
duced. In these, each element was derived by increasing 
the equivalent element in the initial matrix by a fixed 
percentage. The percentages used were 5, 10, 20 and 30 
percent. Thus, if for example, the network is growing as 
a whole at an average rate of 5 percent per annum, then 
the four matrices represent the equivalent of about 1, 2, 
4 and 6 years growth. Naturally, these matrices would 
only be approximations to the real situation as there 
will certainly be variations in exchange growth rates, 
and the community of interest between exchanges is known 
to change with time. 

The model network was dimensioned for each traffic 
matrix firstly with circuit increments of 1 circuit (the 
reference network) and then with modules of 5 circuits. 
Factors other than traffic changes which could influence 
the results (eg route availabil ities and marginal 
occupancies) were kept constant. Final routes were 
dimensioned to the nearest circuit for constant grade of 
service. The annual charges for the internal and external 
plant needed to meet each design were then computed. The 
results of this study are shown in Table 2. 

4 and 5 respectively. are shown in Table 3(a). 

TABLE 3(a) CHANGES TO ROUTES WITH INCREASING NETWORK 
TRAFFIC 

(Note - final choice routes are NOT modular engineered) 

TRAFF I C (%) ROUTES ROUTES 
REQUIRED* CHANGED** 

CASE AT AT % MODULE MODULE 
DIFFER-

START FINISH CHANGE 1 5 1 5 ENCE 

A 100 105 5.0 1108 1110 663 330 333 

B 105 110 4.8 1128 1129 685 317 368 

C 110 120 9.1 1172 1171 980 429 551 

D 120 130 8.3 1208 1207 981 426 555 

.L At Finish 
~~ Includes increases. decreases and new routes. 

The prime advantage of modular engineering is the 
stabilising influence it has on the size of individual 
routes. and this effect is clearly shown in the Table . 
Over the duration of each study period module 5 permits 
most routes to stay fixed in size. whereas module 1 
necessitates that most routes change in size. For 
example, in Case A (5 percent traffic growth). 60 percent 
of routes must change in size with module 1. but only 30 
percent with module 5, and in Case C (9.1 percent traffic 
growth). 84 percent of routes must change in size with 

TABLE 2 COMPARISON OF THE SAME NETWORK WITH MODULES 1 AND 5 

(Note - final choice routes are NOT modular engineered) 

NETWORK ROUTES REQUIRED Cl RCU ITS REQUIRED COST ($M) TRAFF I C 

MODULE DIFFER- NODULE 

(E) (%) 1 5 ENCE 1 

11796 100 1091 1092 1 23448 

12387 105 1108 1110 2 24348 

12978 110 1128 1129 1 25301 

14159 120 1172 1171 -1 27109 

15340 130 1208 1207 -1 28995 

The table shows a consistent pattern with the number of 
circuits and costs for module 5 always at a slight dis
advantage compared with the reference network. On 
average. module 5 requires 0.55 percent more circuits and 
costs 0.42 percent more than the reference network. 

6. EFFECT OF CHANGING TRAFF ICS OIl ROUTE SIZES 

The next aspect to consider was the effect of traffic 
growth on the size of each individual route and to do 
this the number of circuits on each route was compared 
for different pairs of traffic matrices. In this way it 
was possible using the traffic matrices mentioned earl ier 
to simulate (for a network in which traffic is growing at 
about 5 percent per annum) the growth in route sizes from 
year 0 to year 1, from year 1 to year 2. from year 2 to 
year 4, and from year 4 to year 6 (ie cases A, B, C and 
o respectively in Table 3(a)). After comparing circuit 
quantities at the start and finish of each period, each 
route was categorised as being 

unchanged in size, 
decreased in size, 
increased in size, or 
a new route 

The latter three categories were then lumped together as 
a single category "changed in size". The results of this 
analysis for modules 1 and 5. and minimum route sizes of 
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5 

23591 

24494 

25440 

27249 

29142 

DIFFER- MODULE DIFFER-

ENCE(%) 1 5 ENCE(%) 

+0.61 1.817 1.824 +0.38 

+0.60 1.887 1.895 +0.43 

+0.55 1.960 1.968 +0.41 

+0.52 2.100 2.109 +0.43 

+0.31 2.246 2.256 +0.44 

module 1, but only 37 percent with module 5. 

In the studies presented in Table 3(a) the modular 
method was not used for final routes in order to ensure 
that the grade of service on these routes was kept at the 
specified design level so as not to introduce another 
variable into the comparison. In practice, the final 
routes would probably be modular engineered, but the 
route size would always be taken upwards to the next 
higher module. This slightly improves the grade of 
service of the final routes but increases the cost of the 
network. It also stabilises the size of each final route 
for a longer period than occurs if these routes are 
dimensioned to the nearest circuit. Another study was 
therefore conducted as in Table 3(a) but with the final 
choice routes modular engineered. 

The increase in the number of circuits as a result of 
rounding the size of final routes upwards to the nearest 
5 circuits comes to about 400, and as there are 200 final 
routes in the network. this averages 2 circuits for each 
final route. The increase in the number of final route 
circuits is equivalent to 1.7 percent of the total number 
of circuits in the whole network at the base traffic 
level (11 796E). decreasing to 1.4 percent at the 130 
percent traffic level (15 340E). Costs mayor may not be 
higher, depending on the balance between the extra cost 
of the junctions and the savings attributable to not 
having to change the size of final routes so often. 
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A summary is presented in Table 3(b) for modules 1 and 5 
showing the stability of the network when traffic is 
increasing. 

TABLE 3(b) CHANGES TO ROUTES WITH INCREASING NETWORK 
TRAFF I C 

(Note - final choice routes ARE modular engineered) 

ROUTES CHANGED CUHULATIVE TOTAL 
OF ROUTE CHANGES 

~ASE'~ HODULE DIFFER- HODULE DIFFER-

1 5 ENCE 1 5 ENCE 

A 663 265 398 663 265 398 

B 685 238 447 1348 503 845 

C 980 370 610 2328 873 1455 

D 981 377 604 3309 1250 2059 

* See Table 3(a) for explanation 

Now, in Case A (5 percent traffic growth), only 24 per
cent of routes change with module 5, and in Case C (9.1 
percent growth), only 32 percent of routes change with 
module 5, compared with 60 percent and 84 percent, 
respectively, for module 1. This is the major finding to 
come out of the study. 

It might be thought that the sudden changes in overflow 
traffic which occur when first choice routes change in 
size could result in frequent changes to the size of the 
alternative routes. However, examination of the data 
used for Table 3(b) indicates that the alternative 
routes out of an exchange have about the same propensity 
to change as the first choice routes from that exchange. 

7. BENEFITS FROM MODULAR ENGINEERING 

It would be possible to estimate from the last column in 
Table 3(b) the savings which accrue through modular 
engineering from being able to leave routes unaltered in 
size for longer periods. The cost of establishing new 
routes and of altering the size of existing routes 
includes a once-only fixed component (independent of the 
magnitude of the change in the number of circuits). If, 
for example, the overall fixed cost for all participating 
Engineering Sections of establishing or changing a route 
was equivalent to 1 man-day (a conservative figure for 
the Perth junction network), then the savings would be 
398, 447, 610 and 604 man-days for Cases A, B, C and D 
respectively, and the cumulative savings would be 398, 
845, 1455 and 2059 man-days after I, 2, 4 and 6 years 
respectively. (If a smaller module is used (eg 2 or 3) 
the advantage gained through stability in route sizes 
would be less than vlith a larger module (eg 4 or 5) 
since, on average, the routes will have to change in size 
more often). 

When an alteration is made to the size of a working route 
it is usually necessary for some of the existing circuits 
to be made temporarily unavailable, thus reducing the 
traffic carrying capacity of the route. Also, there is a 
possibility that faults will be induced in the course of 
effecting the change. It follows, that by reducing the 
frequency of changes through the use of modular engineer
ing, these and other disruptive effects can be reduced. 

An advantage to the Drafting and Installation Sections in 
having a modular engineered network is that, since only 
certain sizes of circuit groups are permitted, a smaller 
number of standard interconnection patterns can be used 
for the grading of circuits. In addition, in the absence 
of any other over-riding factor, the choice of module 
size (or sizes) may be suited to the convenience of the 
Installation Section technicians. Also, under growing 
traffic, although the total number of circuits to be 
increased is not fewer under modular engineering, the 
number of routes to be changed is decidedly less and this 
factor makes the task of managing the changes considerably 
easier for Sections such as Planning, Drafting and 
Installation. 
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Although this paper has concentrated discussion on a 
network engineered with a fixed module, an appropriate 
combination of modules (eg. 2,3,4 and 5), selected as 
outl ined in Section 2.2, could possibly yield greater 
benefits than if only one module size is used. This 
concept wil I be the subject of a later study. 

The modular engineering philosophy, with minimum route 
size of 5 circuits and module size of 5 circuits has 
been in use in the Perth metropolitan telephone ~etwork 
for a few years. No special problems have arisen and the 
system is :onsidere~ by Planning, Installation, Drafting 
and Operations Sections to be more satisfactory than the 
method previously used in which circuit incre-
ments and decrements of 1 circuit were permitted. 

8. EFFECT OF MODULAR ENGINEERING ON H-FACTORS 

~f the ~umber of c~rcuits specified by a modular engineer
Ing deSign for a high usage route is different from the 
exact theoretical quantity then this means departing from 
the correct marginal occupancy (H-factor) and is in 
fact, equivalent to designing with a different H~factor 
(This happens to some extent even with the traditional . 
increment of 1 since for a given H-factor the exact 
circu~t quantity will generally be non integer, and the 
quantity must be rounded (eg to the nearest integer 
value), thus slightly altering the H-factor.) 

Tab~e 4 illustrates the effect of rounding on H-factors 
for some typical route designs from an LM Ericsson ARF-l0 
two-stage crossbar group selector stage. For the purposes 
of this illustration the module size used is 5 and the 
breakpoint is 60 percent of the module range. The traffics 
have been deliberately chosen to give ideal circuit 
quantities at the extreme ends of each module range - eg 
for a rounded quantity of 10, the lower admissible require
ment is 8.0 circuits, and the upper I imit is 12.9 circuits. 
The table thus depicts the Iworstl cases. 

The absolute difference between the actual and correct 
value of H is at its greatest (about + .20) for the 
combination of low availability and low traffic, and 
decreases as the traffic and availability increase. The 
difference is less than + .10 for offered traffic~ in 
excess of about 25 E. -

Naturally, the discrepancy between the specified and 
actual H-factors is more pronounced the larger the 
module size. If it is desired to minimise the discrepancy 
a range of module sizes could be used, as suggested in ' 
Section 2.2, using a module size which is roughly pro
portional to the size of the route. 

However, it has already been noted in Section 5 that 
using modules in the range 2 to 6 has a negligible 
effect on either the number of circuits or costs of the 
total network. Hence, the fact that the H-factors being 
used are different from the ideal values is apparently of 
little significance to the final outcome. To further 
test this hypothesis the reference network was dimen
sioned with H-factors which differed from the ideal by up 
to ! 0.20. This was done for five traffic matrices with 
total network traffic ranging from 11 796E to 15 340E. 
On average, the cost of the resulting junction network 
was only 2.0 percent more than the cost of the equiva
lent reference network dimensioned with the ideal set of 
H-factors. This is in line with other studies which have 
shown that alternative routed networks are not very cost 
sensitive in the vicinity of the optimum design. As a 
corollary, it would seem that there is little point in 
the first place in trying to compute H-factors to great 
accuracy, especially if modular engineering is employed. 

9. CONCLUSIONS 

Levine and Wernander showed that in a once-off design (ie 
based on static traffic), a marginal case exists to 
support the use of modular engineering in alternative
routed inter-city trunk networks. The present paper has 
shown that for a metropolitan network employing alterna
tive routing the first-up costs are only slightly higher 
with circuit modules of 2. 3. 4. 5 or 6 than with the 
traditional increment of 1 circuit. A second important 

146-5 



TABLE 4 VARIATION TO H-FACTORS 

AVAIL- TRAFFIC IDEAL IDEAL 
AB I LlTY OFFERED H-FACTOR CIRCUIT 

(E) QUANTITY 

5 6.2 .60 3.0 

5 7.7 .30 7.9 

10 12.5 .68 8.0 

10 12.6 .41 12.9 

10 19.0 .30 22.9 

10 19.2 .30 23.0 

20 25.0 .40 28.0 

20 25.1 .22 32.9 

20 48.0 .30 57.9 

20 48.1 .30 58.0 

finding is that when one considers the dynamic situation -
ie a network in which inter-exchange traffic is growing 
from year-to-year, a very convincing case exists for the 
use of modular engineering by virtue of the significant 
savings in administrative and installation costs which 
accrue on account of the fact that routes stay fixed in 
size over a longer period than with the traditional 
increment of 1. A third finding is that although the 
modular concept results in the use of non-ideal marginal 
occupancies on high usage routes, this is of little 
consequence. 

MODULAR ENGINEERED DIFFERENCE 
TO H-FACTOR 

Cl RCU IT H-FACTOR 
QUANTITY 

5 .40 -.20 

5 .50 .20 

10 .56 -.12 

10 .56 .15 

20 .40 .10 

25 .24 -.06 

30 .31 -.09 

30 .31 .09 

55 .37 .07 

60 .26 -.04 
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