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ABSTRACT 

The cost of routing traffic between orlgm and destination exchanges 
employing alternate routing can be expressed in terms of the direct route 
alone by add ing to it a number of circuits to equal the cost of routing the 
t raffic, overflowing from the direct route, over the alternate routes of the 
network . EQUIVALENT HIGH USAGE CIRCUITS, the sum of the 
actual and additional direct route circuits, are shown to be functions of 
offered traffic, marginal occupancy (sometimes referred to as cost factor) 
and efficiency of the traffic switching machine. Tables of equivalent high 
usage circuits, for a range of marginal occupancy values and covering both 
full and limited ava ilability trunking with various link losses, are presented. 
Examples are given in the use of the tables for optimisation of availability, 
comparisons of switching equipment and local network analysis. Curve 
fitting equations, relating actual and equivalent high usage circuits to 
pure chance offered traffic with marginal occupancy as parameter, are 
given for full availability trunking . 

1. INTRODUCTION 

The alternate rout ing of telephone traffic in local networks is a practice 
widely employed by telephone administrations in providing communica
tion between telephone exchanges in the most economic manner. As the 
name implies more than one traffic route is generally provided between 
or igin and destination exchanges. Calls are offered first to the most 
economic route and when it is congested they overflow onto an alternate 
route ; further alternate routes selected in pre-determined sequence may 
be provided. 

Alternate routing design is concerned with determining the number of 
circuits on each traff ic route to achieve a minimum cost solution in 
switching each origin/destination traffic parcel. To this end alternate 
routing optimising equations, that allow the network to be designed in an 
orderly manner, have been established. 

These equations specify a traffic property of the direct route that enable 
the number of circuits on the route to be determined . As the number of 
direct route circuits will result in the minimum cost solution of switching 
the origin/destination traffic parcel, it can be reasoned that the routing 
cost should be known at this point rather than at the completion of 
dimensioning the network when alternate route costs are apportioned to 
the direct routes. By combining the direct and alternate route circuits to 
form an equivalent number of direct route circuits (EQUIVALENT HIGH 
USAGE Cl RCUITS) the routing costs can be expressed as a single cost. 

There are considerable advantages in having the routing cost as a single 
component because, when comparing the economic advantages of one 
type of switching equ ipment against another or of different network 
designs (Tandem exchanges - number and location), it is the total cost 
of switching each traffic parcel that is important. Without exception it 
will be found in these cost comparisons that the cost variation in the 
alternate route cost component is significantly larger than the cost 
variation in the direct r·oute cost component. 

The parameters used in the calculation work of this paper were chosen to 
suit the link trunked Ericsson ARF 1 GV Equipment, both two and three 
stage. The results can be applied however to other link trunked switching 
equipment and to full availability switching machines. 

2. ALTERNATE ROUTING OPTIMISING EQUATIONS 

In the derivation of alternate routing optimising equations the method 
presented by Or C.w. Pratt (REF. 1) is followed closely . 

Consider the alternate routing pattern of Fig. 1. The diagram shows only 
that segment (of a whole network) which takes part in the routing of 
traffic from an origin I to a destination J. Route 1 is the direct route and 
as it is the most economic route the IJ traffic parcel is offered first to it. 
Route 2 is the first alternate route and has offered to it the overflow 
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traffic from route 1. Routes 3, 4 and 5 are final routes and are dimen
sioned for low congestion . 

FIG. I ALTERNATE ROUTING PATTERN 

Assume A is the pure chance IJ traffic parcel offered to Nl circuits on 
route 1 and overflowing traffic al, which, along with other overflow 
traffics from direct routes from origin I to other destination exchanges 
parented on tandem exchange Y, is offered to route 2. Not all of this 
traffic is carried by route 2 and a2 is that component of al which over
flows and is offered to route 3. As routes 3, 4 and 5 are dimensioned to 
provide good grades of service traffic a2 can be assumed to be carried by 
routes 3 and 4 and traffic a, by route 5. Circuit quantities N2, N3, N4 
and N5 on routes 2 to 5 respectively are required to carry the IJ overflow 
traffic component. The circuit quantities Nl, N2 ........... . N5 are consid-
ered to be continuous variables and may therefore be non integer. The 
cost of routing the IJ traffic parcel is given by, 

C = Cl Nl + C2N2 + C3N3 + C4N4 + C5N5 ...... ......... ............ ................ ... .... ........ (1) 

where C is the total cost and Cl, C2 ....... ... " C5 are the costs per circu it 
on routes 1, 2 ........ .... 5 respectively. 

Assuming a minimum cost solution exists any change in Nl or N2, effect
ing changes in N3, N4 and N5 (congestion standards to be maintained). 
increases the rou ti ng costs. 

Consider that part of Fig. 1 bounding routes 2,3 and 4 as shown in Fig. 2. 
The overflow traffic al is offered to N2 circuits and traffic a2 overflows 
onto routes 3 and 4. 

FIG. 2 PART Of ALTERNATE ROUTING PATTERN OF FIG. I 

The cost of routing the offered traffic al from I to Y is given by, 

COST = C2N2 + C3N3 + C4N4 ...... .... ........ .. .... ..... .. .... .... ...... ... .... ... .... .. ... ... . (2) 

The cost is a function of one independent variable N2 since if N2 is 
chosen, N3 and N4 are adjusted to maintain the congestion standards. 

For the cost to be a minimum the rate of change of cost with respect to 
N2, al being fixed and N2 being> 0, must be zero. 
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~OST _ _ + ~N3\+ ~N41 Hence~N2 - 0 - C2·1 C3YN21 C41dN2 ..... .......... ........... ......................... .. (3) 

C l~l ~l C4'~N41 (~a2) 0 = C2 + 3\da2 E31~2 al + \ra2 E41N2 al ........... .......... (4) 

Where E3 and E4 are the grades of service of routes 3 and 4 respectively. 

The following quantit ies are now defined for a route of N circuits 
offered traffic A and carry ing traffic Ac at a grade of service E : 

Marginal Occupancy'" H =~)A = -(;~IA 
where a is the overflow traffic (a = A - Ad 

The marginal occupancy of a route is the rate of change of the traffic 
carried with respect to the number of circuits when the offered traffic 
is held constant. 

Marginal Capaci ty = 8 =I!~) E 

The marg inal capacity of a route is the rate of change of the offered 
traffic with respect to the number of circuits when the grade of service 
is held constant. 

Equation (4) then becomes, 

0 = C2 + C3-.J....(- H2) + C42 (- H2) 
83 84 

.'. ~= C3 + C4 .... .................... ...... .. ..... ................. ............ .. ........ ..... ...................... (5) 
H2 83 84 

Th is is an optimising equat ion as, in H2, it determines the rate of change 
of carr ied t raff ic with respect to route 2 circuits. The marginal capacity 
B is dependent more on the grade of service standard and the efficiency of 
the switching machine than the amount of offered traffic (see Section 5) 
and so over a small range of offered traffic B can be considered constant. 
This leads to two important results : 

(i) The value of H2 can be estimated fairly precisely. 

(i i) N3 = a2/B3 and N4 = a2/B4 (The accuracy is quite good 
because a2 is small.) 

Equation (2) then becomes, 

COST = C2N2 + C3~ + C4~ 
83 84 

= C2N2 + a2 C2 (from equat ion 5) 
H2 

= C2(N2 +~ .. .... .. ..... .... ................. .................... .. ........ .... ....... ... ..... .. ... ...... (6) 

The dimensions of a2/H2 = circuits and the term 

(N2 + ::2) becomes equivalent route 2 circuits = N2Elq which is a contin

uous variable. 

As the term direct route does not distinguish between a route dimen
sioned to a grade of serv ice standard or to a cost factor criterion, routes 
dimensioned to the latter will be termed high usage routes. Routes 1 and 
2 of Fig. 1 and route 2 of Fig. 2 are therefore high usage routes. Neq is 
then titled 'Equivalent High Usage Circuits' . 

Using N2E!q in place of Fig. 2 reduces Fig. 1 to, 

FIG. 3 SIMPLIFIED ALTERNATE ROUTING PATTERN OF FIG. I 
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Cost equation (1) reduces to, 

C = Cl Nl + C2N2eq + C5N5 ... .. ... ........... .. .. .. ........... ... .. .... .. .......... .... ...... .. ..... .. ..... (7) 

The cost C is a function of one independent variable N 1 since if N 1 is 
chosen N2eq and N5 must be adjusted for the change to the overflow 
traffic al . . 

For C to be a minimum and Nl being> 0, 

~= 0 = Cl.l + C2r-;~~g) + C~ 

.. O= Cl + C2i-~a2,egIH2~IA +C5~IE5~1 A ...... .. ... ... .. ........ ......... (8) 

A new quantity appears in this expression and will now be defined. 

Equivalent Marginal Capacity = .82eq =~c)Na1 J 
2eq H2 

The equivalent marginal capacity of a high usage route is the rate of 
change of the offered traffic with respect to the equivalent number of 
high usage circuits when the marginal occupancy is held constant. 

Equation (8) then becomes 

0= Cl + C2-
1
-(-Hl) + C5~(-H1) 

82eq 85 

Cl _ C2 + C5 .. H'l- 82eq ~ .. ....... .............. .............. .. .......... .. .. ................. ........ ... ... .. ......... (9) 

Th is also is an optimising equation as it enables Hl to be determined. 
B2eq, the equ ivalent marginal capacity of route 2, is more dependent on 
the value of H2 and the efficiencY of the switching machine than the 
amount of offered traffic (see Section 3) and can therefore be estimated 
fairly accurately: H1 can be estimated to a good degree of accuracy and, 

N2eq = a1/B2eq and, as before N5 = a1/B5 

Equat ion (7) then becomes 

= Cl N1 + Cl ~\ (from equation 9) 

= Cl1N1 +-M1 .... .. ...................... .. .. .. ........ ...... , ............ ................... . : ................. . (10) 

= C1Nleq ............ ................................... .. .. .................................... .................. (11) 

Using N1 eq Fig. 3 is reduced therefore to a single high usage route of 
N1eq circuits. N1eq is a function of A , H1 and the efficiency of the 
switching machine. 

The resu It of equation (11) is a very important one for it enables the cost 
of routing the IJ traffic parcel to be determined from A. H 1 and the 
efficiency of the switching machine. 

The optimising equations for the alternate routing pattern of Fig. 1 are 
given by equations (5) and (9). These are, 

and 

Two alternate routing patterns of greater complexity as used in the 
Australian local network are briefly studied in Appendix 1. 

3. CALCULATION OF EQUIVALENT HIGH USAGE CIRCUITS 

The Geometric Group method (Ref . 2) was used to calculate the 
moments of the overflow traffic for both the full availabil ity case and 
a range of limited availabilities with various values of link congestion . 
The availabilities chosen were 80, 60, 40, 30, 20, 10 and 5; for each 
availability seven loss probability values were chosen to suit the Ericsson 
Group Selector (ARF-GV) . 

Inlet loadings of 0.5, 0.6, 0.7 and 0.8 erlang/ihlet for the two stage GV 
and link ratings of 50, 60· and 70 for the three stage GV result in 
proba!?ilities of meeting internal blocking in accessing the last free outlet 
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in a group, not employing interconnecting or commoning, of, 

1.0 1.2 1.4 d 1.6 
3'3'3 an 3 

respectively for the two stage GV, 
and 

(0.5)5, (0.6)5 and (0.7)5 respectively for the three stage GV 

: With the three stage GV, as the probability of internal blocking is a 
function of the average link occupancies, band c, of the second and third 
stages respectively (internal blocking = f (b + c - bc) l. it is convenient to 
use a single term 'Link Rating' to describe the blocking probability. (Link 
Rating = 100 (b + c - bc)). 

Although of special significance to the ARF-GV the values of loss 
probability and the associated calculations are of general use and can 
be applied to other link trunked switching machines. Switching machines 
employing grading but without link loss are also covered . 

Within each availability range nine circuit values were chosen. These were 
related to the availability, being, 

0.6, 0.8, 1.0, 1.4, 1.8, 2.2, 2.8, 3.4 and 4.0 times respectively the 
value of availability . 

For each combination of availability, loss probability and circuit value 
offered traffics necessary to give marginal occupancy values of 0.1 to 
0.8 in steps of 0.1 and grades of service of 1/200 and 1/500 were 
determined. The method of calculation, by' computer, was to range the 
offered traffic to first encompass the values of marginal occupancy and 
grade of service and then determine the required value of traffic by a 
method of successive approximations. In Table 1, which shows a sample 
of the computer output, MQ is the availability and P the Geometric Group 
parameter. 

TABLE 1 DETER~INATION OF A FOR SET VALUES OF HAND G.O.S. 

I'IQ = 20 N = 20 LINK RATING = 70 

FOR N=19,20 & 21 P=0.1530,O.1681 & 0.2077 REQ'D VALUES 
A a .N=20 da ,1~=21 oa ,11=19 H H A 

34.00 15.2278 -0.8469 0.8804 0.8637 0.10 12.69 
31.00 12.4353 -0.8157 0.8541 0.8349 0.20 14.40 
28.00 9.7189 -0.7714 0.8163 0.7939 0.30 15.87 
25.00 7.1223 -0.7063 0.7600 0.7332 0.40 17.34 
22.00 4.7223 -0.6083 0.6733 0.6408 0.50 18.98 
19.00 2.6513 -0.4629 0.5391 0.5010 0.60 21.00 
18.60 2.4101 

I 
-0.4395 0.5167 0.4781 0.70 23.77 

16.80 1.4556 -0.3250 0.4033 0.3642 0.80 28.38 
15.20 0.8126 -0.2182 0.2897 0.2539 GOS 13.80 0.4223 -0.1330 0.1908 0.1619 1/200 10.84 
12.40 0.1830 -0.0670 0.1060 0.0865 
11.20 0.0740 -0.0305 0.0533 0.0419 1/500 9.81 

10.20 0.0294 -0.0133 0.0255 0.0194 
9.20 0.0097 -0.0048 0.0101 0.0074 

The marginal occupancy value - the rate of change of carried traffic 
with respect to route circuits, the offered traffic being constant - was 
determined by averaging the change in overflow traffic one circuit either 
side of the nominal value . The curve of Fig. 4 was found to be typical 
and the marginal occupancy calculated by this method is in close agree
ment with the correct value. 

:J 
a: 
~ 
u 
C 
u' 
iL 
IL 
C 
a: 
~ 

0 
w « a: 
~ 

ITea 

6 

5 

( ~AC) H= ~A 

TRUE VALUE OF H 
APPROX . IIlLUE OF H 
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FIG.4 MARGINAL OCCUPANV APPROXIMATION 

Equivalent high I:Jsage circuits are then determined using the relationship 
established earlier in section 2: 

The relationships between Neq and A the pure chance offered traffic 
for full availability trunking and several values of limited availability 
trunking with various link losses are illustrated in the graphs of Fig.'s 
5 and 6 respectively. 
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The equivalent marginal capacity Beq - the rate of change of offered 
traffic with respect to equivalent high usage circuits, H being constant 

- is given by the inverse of the slope of the curves depicted in Fig. 's 
5 and 6. For the full availability case the change in the value of Beq with 
respect to the change in the offered traffic is not great while for the 
limited availability examples Beq is markedly constant over the range of 
traffics shown and these normally apply in practice. 

From each data set of nine high usage circuit values sufficient data was 
available to prepare tables of the relationship between Neq and A (avail
ability, l ink congestion and H as parameters) . For convenience the 
tables were constructed showing Neq in two components. 

(j) That number required for full ava ilability trunking . 

Oi) The additional number required because of switching 
machine inefficiency. 

Part of the table of equ ivalent high usage circuits for marginal occupancy 
value 0.5 is reproduced in Table 2. It is seen that, 

0) Link rat ing of 50 for the three stage GV is very similar to 
the zero link loss graded case, 

(ii ) the additional number of Neq increases as the probability 
of li nk congestion increases and the availability decreases. 

TABLE 2 EQUIVALENT HIGH USAGE CIRCUITS, Neq (H=0.5) 

TOTAL -----------------ADDITIOHAL-----------------

FOR ZERO '3' STAGE GV '2' STAGE GV 
FULL LINK LINK RATING I NLET LOAD lUG 

A AVAIL MQ CONG 50 60 70 0.5 0.6 0.7 0.8 

8 11. 75 10 0.01 0.02 0.04 0.12 0.36 0.50 0.68 0.89 
5 0.60 0.64 0.71 0.88 1.26 1.44 1.64 1.86 

10 14.26 10 0.05 0.07 0.12 0.24 0.59 0.80 1.04 1.34 
5 1.12 1. 18 1. 28 1. 50 1.99 2.22 2.48 2.76 

14 19.14 10 0.53 0.59 0.69 0.91 1.46 1. 76 2.11 2.52 
5 2.30 2.40 2.56 2.89 3.60 3.93 4.30 4.70 

18 23.90 20 0.01 0.02 0.07 0.19 0.55 0.78 1.06 1.44 
10 1.16 1.25 1.40 1.72 2.49 2.89 3.37 3.92 
513.62 3.76 3.97 4.40 5.33 5.77 6.24 6.76 

22 28.58 30 10.00 10.00 0.03 0.11 0.37 0.53 0.76 1.07 
20 !0.18 0.22 0.29 0.47 0.97 1. 27 1.65 2.13 
10 11.87 1.99 2.18 2.60 3.59 4.10 4.69 5.38 
5 5.02 15.19 5.45 5.99 7.14 7.67 8.26 8.89 

I ' 
26 33.20 40 10.00 0.00 0.02 0.07 0.28 0.42 0.62 0.88 

30 0.01 0.02 0.07 0.18 0.53 0.76 1.05 1.45 
20 0.46 0.52 0.62 0.87 1.52 1.90 2.38 2.98 
10 2.66 2.81 3.04 3.55 4.77 5.38 6.10 6.93 

30 37.78 40 0.01 0.02 0.04 0.12 0.39 0.57 0.81 1.15 
30 0.06 0.09 0.15 0.31 . 0.76 1.04 1.41 1.89 
20 0.76 0.84 0.97 1.28 2.09 2.55 3.13 3.85 
10 3.46 3.64 3.92 4.53 5.97 6.69 7.53 8.49 

40 49.06 60 0.00 0.01 0.02 0.08 0.30 0.45 0.66 0.95 
40 0.07 0.10 0_16 0.32 0.79 1.07 1.46 1.97 
30 0.52 0.59 0.70 0.96 1. 70 2.13 2.69 3.41 
20 1.69 1.82 2.03 2.49 3.70 4.38 5.20 6.23 
10 5.21 5.47 5.83 6.64 8.51 9.45 10.53 11.77 

50 60.20 80 0.00 0.01 0.02 0.07 0.26 0.40 0.58 0.85 
60 0.01 0.02 0.06 0.17 0.50 0.72 1.02 1.43 
40 0.39 0.45 0.55 0.79 1.47 1.88 2.42 3.13 
30 1.08 1.18 1.35 1.73 2.75 3.35 4.10 5.07 
20 2.74 2.92 3.20 3.84 5.45 6.34 7.42 8.75 

80 93.04 80 0.04 0.07 0.13 0.29 0.76 1.06 1.46 2.02 
60 0.50 0.56 0.68 0.95 1.72 2.19 2.80 3.62 
40 1. 71 1.85 2.07 2.58 3.95 4.75 5.77 7.08 
30 3.15 3.37 3.70 4.44 6.38 7.47 8.83 10.54 

For the purposes of comparing the effects of different marginal oc
cupancy values Table 3 lists Neq in its two components. The availability 
has been set = 10. 
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TABLE 3 EQUIVALENT HIGH USAGE CIRCUITS, Neq (MQ=10) 

TOTAL --- , -------------ADDITIONAL----------------

FOR ZERO '3' STAGE GV '2' STAGE GV 
FULL LINK LINK RATING INLET LOADING 

A H AVAIL CONG 50 60 70 0.5 0.6 0.7 0.8 

10 0.2 16.79 0.75 0.84 1.00 1.40 2.50 3.16 3.99 5.06 
0.3 15.81 0.42 0.48 0.59 0.86 1.59 2.02 2.54 3.20 
0.4 14.99 0.21 0.24 0.31 0.50 1.00 1.28 1.62 2.05 
0.6 13.55 0.01 0.02 0.05 0.14 0.37 0.50 0.65 0.82 
0.7 12.83 - - 0.02 0.06 0.19 0.25 0.33 0.42 
0.8 12.05 - - - - - - - -

14 0.2 22.06 1.89 2.06 2.33 2.98 4.71 5.70 6.94 8.51 
0.3 20.93 1.27 1. 39 1. 58 2.02 3.18 3.83 4.63 5.60 
0.4 19.99 0.86 0.94 1. 07 1. 39 2.20 2.64 3.16 3.80 
0.6 18.32 0.28 0.32 0.38 0.53 0.89 1.08 1. 30 1.56 
0.7 17.48 0.07 0.09 0.13 0.21 0.46 0.58 0.72 0.88 
0.8 16.57 0.01 0.02. 0.03 0.07 0.18 0.23 0.29 0.35 

18 0.2 27.16 3.19 3.44 3.83 4.72 7.08 8.41 10.05 12.12 
0.3 25.90 2.30 2.47 2.74 3.37 4.96 5.83 6.89 8.18 
0.4 24.85 1.68 1.80 1.99 2.44 3.56 4.15 4.86 5.71 
0.6 22.98 0.74 O. 80 O. 90 1. 11 1.63 1.89 2.19 2.53 
0.7 22.05 0.38 0.42 0.48 0.61 0.92 1.07 1. 24 1.44 
0.8 21.03 0.08 0.10 0.13 0.19 0.37 0.46 0.55 0.65 

22 0.2 32.14 4.65 4.97 5.47 6.62 9.60 11.27 13.32 15.88 
0.3 30.76 3.45 3.67 4.02 4.82 6.85 7.95 9.27 10.87 
0.4 29.62 2.56 2.73 2.99 3.57 5.00 5.75 6.64 7.69 
0.6 27.57 1.29 1. 37 1. 50 1. 79 2.45 2.78 3.16 3.59 
0.7 26.55 0.75 0.81 0.90 1.07 1.48 1.67 1.89 2.14 
0.8 25.43 0.29 0.32 0.37 0.46 0.65 0.74 0.85 0.99 

26 0.2 37.04 6.17 6.56 7.17 8.57 12.18 14.18 16.64 19.69 
0.3 35.56 4.62 4.90 5.34 6.33 8.78 10.11 11.69 13.61 
0.4 34.32 3.53 3.74 4.06 4.78 6.51 7.42 8.48 9.75 
0.6 32.12 1.89 1.99 2.15 2.51 3.32 3.72 4.18 4.70 
0.7 31.01 1.20 1. 26 1. 36 1. 58 2.08 2.32 2.58 2.87 
0.8 29.80 0.55 0.59 0.65 0.76 1.02 1.12 1.24 1.38 

30 0.2 41.87 - - - - - - - -
0.3 40.29 5.88 6.22 6.74 7.90 10.80 12.34 14.19 16.43 
0.4 38.97 4.54 4.79 5.17 6.02 8.06 9.13 10.38 11.85 
0.6 36.62 2.52 2.65 2.85 3.27 4.23 4.70 5.24 5.84 
0.7 35.44 1.67 1. 75 1.87 2.14 2.72 3.00 3.31 3.66 
0.8 34.15 0.84 0.89 0.96 1.09 1. 38 1.52 1. 67 1.82 

4. EQUIVALENT MARGINAL CAPACITY VALUES 

In the previous Section it was established that the equivalent marginal 
capacity Beq for full availability trunking does not vary widely with 
change of offered traffic and for limited availability switch ing machines 
is remarkably constant. 

In Table 4 values of equivalent marginal capacity, Beq corresponding to 
the data of Tables 2 and 3 are presented. Although these values are for 
pure chance offered traffic they can also be used for traffic which is 
rougher than pure chance, because there is a compensating effect between 
the rate of change of Nand a/H, the two components of Neq, with respect 
to the offered traffic. The several curves for variance/mean ratio of 2.5 
depicted in Fig. 6 illustrate this. 

TABLE 4 EQUIVALENT r·1ARGINAL CAPACITY, Beq (A PURE CHANCE) 

ZERO '3' STAGE GV '2' STAGE GV 
LIr~K LINK RATING INLET LOADING 

H I1Q CONG 50 60 70 0.5 0.6 0.7 0.8 

0.5 40 0.88 0.88 0.87 0.87 0.85 0.84 0.83 0.82 
30 0.86 . 0.86 0.85 0.84 0.82 0.81 0.80 0.78 
20 0.82 0.82 0.81 0.80 0.78 0.76 0.75 0.73 
10 0.74 0.74 0.73 0.72 0.69 0.68 0.67 0.65 
5 0.66 0.66 0.65 0.64 0.62 0.61 0.60 0.59 

0.2 10 0.62 0.62 0.61 0.58 0.54 0.51 0.49 0.46 
0.3 10 0.66 0.66 0.65 0.63 0.59 0.57 0.55 0.53 
0.4 10 0.70 0.70 0.69 0.68 0.64 0.63 0.61 0.59 
0.6 10 0.78 0.78 0.77 0.76 0.74 0.73 0.72 0.71 
0.7 10 0.82 0.82 0.81 0.80 0.79 0.78 0.78 0.77 
0.8 10 0.86 0.86 0.86 0.86 0.85 0.84 0.84 0.84 
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5. MARGINAL CAPACITY 

In the optimising equations (5) and (9) established in Section 2 marginal 
capacity values are requ ired for routes 3, 4 and 5 of Fig. 1 where the 
traffic carried will be rougher than pure chance. The relationship between 
offered traffic and the number of circuits, for a grade of service of 1 call 
lost in 200, is shown in Fig. 's 7 and 8 . 
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The curves for both the pure chance traffic and the rough traffic of 
variance/mean ratio of 2.5 are similar in character to those of Fig.'s 5 
and 6, i.e. for the full availability case the change in the value of 
B with respect to the change in the offered traffic is not great while for 
the limited availability examples B is markedly constant over the range of 
traffics shown. The'marginal capacity value is affected by the variance/ 
mean ratio of the offered traffic. 
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In practical designs the marginal capacity value can be estimated more 
accurately if allowance is made for the roughness of the final route 
traffics . 

Provided consistent estimates of marginal capacity values are made in 
using equivalent high usage circuits for, 

(1) Optimisation of availability, 

(2) Comparisons of switching equipment, 

(3) Local network analysis, 

the results obtained will be quite accurate, i.e. marginal occupancy 
values are likely to be affected to the same extent. 

In Table 5, for pure chance offered traffic, the marginal capacity for a 
range of availabilities and link congestion are presented. The marginal 
capacity for rough traffic can be estimated using the approximation, 

Bx = B1 - O.05(x-1) 

where, 

Bx is the marginal capacity at variance to mean ratio of x and 
B1 is the marginal capacity at variance to mean ratio of one. 

TABLE 5 ~-1ARGINAL CAPACITY, B (A PURE CHANCE) 

GOS = 1/200 

ZERO '3' STAGE GV '2' STAGE GV 
LIr~K LINK RATING INLET LOADING 

~'Q CONG 50 60 70 0.5 0.6 0.7 

80 0.91 0.91 0.91 0.91 0.89 0.88 0.87 
60 0.89 0.89 0.89 0.88 0.86 0.85 0.83 
40 0.85 0.85 0.84 0.83 0.80 0.78 0.75 
30 0.80 0.80 0.80 0.78 0.74 0.71 0.67 
20 0.72 0.72 0.71 0.68 0.61 0.57 0.52 

6. EQUIVALENT HIGH USAGE CIRCUITS - DESIGN 
APPLICATIONS 

0.8 

0.85 
0.81 
0.72 
0.63 
0.44 

In the four examples to follow the starting point in each case is to first 
determine the marginal occupancy of each high usage route. To ach ieve 
this it is necessary to estimate marginal capacity values for routes 3, 4 and 
5 of Fig . 1, calculate the marginal occupancy of all alternate high usage 
routes such as route 2 of Fig. 1 and assign an availability parcel to these 
routes in order to determine the equivalent marginal capacity values. For 
full availability switching equipment marginal capacity values are deter
mined by estimating the route traffics. 

6.1 OPTIMISATION OF AVAILABILITY ALLOCATION 

As demonstrated in tables 2 and 3 limited availability switching equip
ment imposes switching losses in the form of additional or penalty 
equ ivalent high usage ci rcu its, For a particu lar offered traffic value 
penalty circuits are functions of marginal occupancy, availability and link 
losses. Optimisation of availability aims at achieving the minimum total 
cost penalty . 

The starting point in the design is to make use of the relationship of 
equation (11) and determine the cost penalty of each or igin/destination 
traffi c parcel assuming all the traffic overflows onto the alternate routes, 
i:e. the direct routes do not exist. 

Cost penalties are then determined assuming that each direct route has 
been allotted the smallest availability parcel, which for Ericsson ARF 
1 GV equipment is = 5. From the two sets of cost penalties the cost 
penalty reduction per unit of availability is determined for each route 
and a priority queue set up. 

When all origin/destination traffic parcels have been processed in this way 
the smallest availability parcel is assigned to the top value in the queue. 
The cost penalty reduction in assigning the next availability parcel to 
this route is then determined and fitted into the queue. 

Availability is allocated in this manner to the top value in the queue until 
it is exhausted. Towards the end of the availability allocation routes at 
the t op of the queue will be passed over if the availability remaining is 
insufficient to meet the increment required . 

135-5 



The following limited example demonstrates the technique: 

Consider the availabil ity allocation to five high usage routes from an 
origin exchange I. The switching equipment is Ericsson ARF '2' stage 
GV with an inlet loading of 0.6E. The offered traffics, cost per circuit 
and marginal occupancy values are as set out in Table 6. The Table 
shows t he penalty equivalent high usage circuits at each value of avail 
abil ity and the cost penalty reduction per unit of availability. The avail
abil ity is allocated accord ing to the priority numbers established. 

TABLE 6 AVAILABILITY ALLOCATION 

ROUTE I TO 

COST PER CIRCUIT ($) 
IIARGI I~AL OCCUPAr~CY 
OFFERED TRAFFIC (ERL) 
Neq AVAILABILITY,MQ~O 
Neq FULL AVAILABILITY 
PENALTY r~q MQ~ 5 

11 11 MQ~10 

11 11 1.1Q~20 

11 11 r1Q~30 

COST PENALTY REDUCT
IOHjUIUT MQ 

I,IQ ~ 0 TO 5 
H~ ~ 5 TO 10 
I·IQ ~ 10 TO 20 
r.1~ ~ 20 TO 30 

PRIORITY ORDER FOR 
NQ ALLOCATIor~ 

J 

200 
0.2 

14 
70 

22.06 
14.68 
5. 70 
1.12 
0.46 

1330* 
359 

92 
13 

1 
3 

11 
15 

K 

500 
0.5 

10 
20 

14.26 
2.22 
0.80 

352 
142 

4 
8 

* 1330 = (70 - (22.06 + 14.68) ) x 200 -75 

L 

350 
0.5 

14 
28 

19.14 
3.93 
1. 76 
0.46 

345 
152 
46 

5 
7 

13 

11 

490 
0.7 

14 
20 

17.48 
1.25 
0.58 

124 
66 

9 
12 

N 

400 
0.5 

22 
44 

28.53 
7.67 
4.10 
1.27 
0.53 

624 
286 
113 
30 

2 
6 

10 
14 

It will be seen that route IJ although it is the cheapest route warrants an 
availability allocation first, while route IM is not allocated its first parcel 
of availability until the other four routes have each had their availabilities 
increased to 10. The reason for this is that route IM, because of its higher 
marginal occupancy value, is working at a higher efficiency than the other 
routes and link congestion has only a minimal effect on the total loss. 

6.2 COMPARISON OF SWITCHING EQUIPMENT 

In choosi ng switching equ ipment it may be necessary to appraise the 
switching efficiency of the equ ipment under consideration . Cost 
penalties in relation to the full availability switching equipment is a 
convenient method of doing this. 

For each type of switching equipment under consideration the avail
ability exercise of the previous section is performed and the total cost 
penalty determined after all the availability has been allocated. 

Such comparisons are necessary when determining if it is economically 
justified to either instal Ericsson ARF '3' stage GV equipment instead 
of the '2' stage GV or to convert the latter to '3' stage working. 

As the '3' stage costs more per inlet this equipment will be econom
ically justified if the cost difference between the '2' and the '3' stage GV 
equipment is less than the cost penalty reduction . 

6.3 NETWORK ANAL VSIS 

6.3. 1 Tandem Exchanges - Location and Number 

In an alternate routed network the number and location of tandem 
exchanges has a bearing on the cost of switching the network traffic since 
the more economic the alternate routes of the network are with respect 
to the high usage routes, the less will be the cost of switching. The alter
nate routing optimising equations express this in another way :- the 
more economic the alternate route is with respect to the high usage route 
the larger will be the value of marginal occupancy of the high usage route. 

As the cost of the high usage route is independent of the number and 
location of tandem exchanges the marginal occupancy of the route can 
only be influenced by the cost and traffic properties of the alternate 
routes. 

Assuming the costs of switching equipment are independent of location 
the alternate route costs can only be influenced by the external plant cost 
components. By locating the 'V' tandem exchange in the physical path 
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between the origin and destination exchanges and using the same trans
mission path and cost per unit length as the high usage route the external 
plant costs of both routes can be made equal. This situation is seldom 
possible because, 

(i) the alternate route transmission standard has to meet the worst 
case encountered and so the external plant cost components of 
the alternate route is greater than the external plant cost 
component of the high usage route, and 

(ji) the tandem exchange cannot be located to suit all origin 
exchanges. 

Clearly the greater the number of 'Y' tandems the less the effects of (i) 
and (ii) above. 

Increasing the number of 'V' tandems on the other hand tends to increase 
switching costs because, 

(i) it increases the number of originl'Y' tandem routes thereby 
decreasing the efficiency of these routes, so reducing the value 
of Beq, 

(ii) for limited availability switching equipment the availability 
required for additional 'V' tandem routes decreases the avail
ability for high usage routes thereby increasing switching costs. 

(iii) the number of 'X' to 'Y' tandem routes will be increased and 
each route will suffer a drop in the value of B. 

There are similar advantages and disadvantages in varying the number and 
location of 'X' tandems. 

By parenting destination exchanges on two 'V' tandems, sited so 
as to ensure that the majority of origin exchanges have the minimum 
cost first alternate route path (rout!3S 2 and 5 of FIG. 1), a network 
cost saving may be achieved. The level of cost reduction resulting 
from the increase in the marginal occupancy value of route 1 of 
FIG . 1 can be determined from FIG. 9 where for three values of 
pure chance offered traffic the number of equivalent high usage 
circu its re lative to the number at marginal occupancy value 0.5 are 
shown against a range of marginal occupancy values. Both scales are 
logarithmic and as shown in the graph the grid lines represent 10% 
increments in the marginal occupancy and 2% increments in 
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the relative number of equivalent high usage circuits. The absolute 
number of equivalent high usage circuits at H = 0.5 for the three traffic 
values of 5, 10 and 20 ER L. are 7.84, 14.26 and 26.25 respectively. 

At H = 0.5 a 10% increase in the value of H would result in . a cost 
saving of, 

3.5% for an offered traffic of 5 ERL 

2.5% .. .. 

2.0% 

.. 10 ERL 

.. 20 ERL 

The overall network cost saving would be less than these percentages 
because only about half the origin exchanges would obtain the marginal 
occupancy improvement and because each terminal exchange is parented 
on two 'V' tandems the B value of each final route from the 'V' tandem 
to its terminals would be less than what it would be for the one tandem 
case. 

These factors all support what has been determined from numerous 
tandem studies conducted in Australia and elsewhere - that there is 
no clearly defined minimum cost solution and that the network costs vary 
very little as the number and location of tandem exchanges is changed 
(within limits of course). 

6.3.2 Incoming Switching Stages - Design Problems 

As exchanges grow in size the limitations of limited availability switching 
equipment in incoming (I/C) group selector stages becomes evident and 
the exchange designer is faced with the task of developing the most 
economic trunking arrangement within the restrictions imposed by the 
switching equipment and the present method of trunking. Equivalent 
high usage circu its can be of considerable assistance in examining the 
possible alternatives. 

As shown in Table 7 there are cost penalties incurred if an origin/dest
ination traffic parcel has to be split and this would be necessary if more 
than one IIC group selector stage is required to handle the incoming 
traffic . 

For example a 10 ERL single route split into two 5 ERL traffic parcels 
would incur the cost penalties of 2.71, 1.42 and 0.35 equ ivalent high 
usage circuits for marginal occupancy values of 0.2,0.5 and 0.8 respect
ively. This represents percentage increases of 16.1%. 10.0% and 2.9% 
respectively in the routing costs. 

TABLE 7 Neq - FULL AVAILABILITY TRUNKIHG 

PURE r·1ARGINAL OCCUPANCY 
CHAliCE 

TRAFFIC 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 

I 5 10.82 9. 75 9.01 8.40 7.84 7.32 6.77 6.20 
I 6 12.37 11. 22 10.42 9.76 9.17 8.60 8.02 7.39 

H 15.35 14.06 13.16 12.42 11.75 11.10 10.45 9.74 
10 18.20 16.79 15.81 14.99 14.26 13.55 12.83 12.05 
12 20.98 19.45 18.39 17.51 16.72 15.95 15.17 14.32 
14 23.69 22.06 20.93 19.99 19.14 18.32 17.48 16.57 

f 16 26.35 24.63 23.43 22.43 21.53 20.66 19.77 18.81 
18 28.97 27.16 25.90 24.85 23.90 22.98 22.05 21.03 
20 31.56 29.66 28.34 27.24 26.25 25.29 24.30 23.23 
24 36.65 34.68 33.17 31.98 30.90 29.85 28.78 27.62 
28 41.65 39.46 37.93 36.65 35.49 34.37 33.23 31.98 
32 46.58 44.26 42.64 41.28 40.65 38.86 37.64 36.31 
36 51.46 49.01 47.30 45.87 44.57 43.31 42.03 40.62 
40 56.29 53.72 51. 92 50.43 49.06 47.74 46.39 44.91 

At originating exchanges. when traffic routes are split, additional analysis 
is required and this could be a restriction of the originating group selector 
stage. If the originating equipment has·limited availability additional cost 
penalties 'NOuld be incurred above those for full availability trunking 
because an availability allocation will be required for the additional routes 
and this will reduce the efficiency of other routes. Split routes would also 
require greater network management. 

Trunking solutions which obviate or limit the splitting of traffic routes 
will almost certainly be more economic than those based upon splitting 
traffic routes . 

CONCLUSION 

The paper introduces the concept of equivalent high usage circuits and 
shows that the cost of routing an origin/destination traffic parcel can be 

ITea 

determined from the cost of the high usage route between origin and 
destination and a single quantity of equivalent high usage circuits. 
Equivalent high usage circuits are shown to be functions of the offered 
traffic, the cost of the high usage route relative to the cost of the 
alternate routes and the traffic parameters of the switching equipment. 

Several examples outlining the uses of the concept have been given and 
curve fitting equations, relating both actual and equivalent high usage 
circuits to pure chance offered traffic, are given for full availability 
switching. 
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APPENDIX 1 

OTHER ALTERNATE ROUTING PATTERNS AND THEIR 
OPTIMISING EQUATIONS 

The optimising equations for two alternate routing patterns in use in the 
Australian local network are given without mathematical proof. The 
simpl ified sketches alongside the equations will help in understanding the 
steps involved in deriving the optimising equations. 

CASE 1 : EXTENSION OF ALTERNATE ROUTING PATTERN OF 
FIG. 1. 

The routing pattern is an extension of the alternate routing pattern of 
Fig. 1 of Section 2. The 'X' tandem is allowed high usage routes to 
selected terminal exchanges as shown in Fig. 10. 

FIG. IO EXTENSION OF ROUTING PATTERN OF FIG. I 

The optimising equations for the high usage routes XJ, IV and IJ and 
the routes involved in establishing this equation are as shown : 

~ ~5 
I I J 
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H2 is dependent on individual values of the H6 and B6eq parameters and 
an average value must be used. The average is weighted according to the 
size of the offered traffic parcel. Where an individual H2 value is greater 
than 1.0 (due to the effect of (1/H6 - l/B6eq) the overflow traffic 
parcel bypasses route 2 and is offered to route 3. 

CASE 2 : SERVICE PROTECTION SWITCHING STAGE 

Small origin/destination traffic parcels may not warrant the establishment 
of high usage routes from the origin exchange. To give these traffic 
parcels an overall improved grade of service than would result if they were 
offered directly to the alternate routes of the network a switching stage 
S is established. The traffic parcel is first offered to the IS route and over
flows onto I Y. S has high usage routes to terminal exchanges and 'Y' 
tandems and a final route to an 'X' tandem. Fig. 11 shows the alternate 
routing pattern. The service protection stage serves a number of origin 
exchanges and is usually located in the same building as an 'X' tandem. 

FIG . 11 SERVICE PROTECTION SWITCHING STAGE 

The optimising equations for the high usage routes SY, SJ, IY and IS and 
the routes involved in establishing these equations are as shown: 

~
7 

8 Y 
X 4 

As for case 1 a weighted value of Hl must be obtained. If Hl is ~ 1.0 
(due to the effect of the negative term in the optimising equation) the 
traffic parcel IJ bypasses route 1 and is offered to route 2. 
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APPENDIX 2 

CURVE FITTING EQUATIONS· FULL AVAILABILITY SWITCHING 

1. Equivalent High Usage Circuits • Neq 

The relationship between Neq and A the pure chance offered traffic for 
marginal occupancy values of 0.1 to 0.8 was found to be, 

Neq = P + CA X + A 
where, P, Q and X are functions of the marginal occupancy H. 

P = -1.259609 + 0.851101 H-0.202437 - 0.564258 H 

Q = 1.42843 - 7.54343 ZS - 1.984073 (H - 0.55) 
where, 

Z = ( I H - 0.551 ) 4.155342 . 
S = +1 for H~0.55 and -1 for H(0.55 

X = 0.495195 + 0.007328 H0.49 - 0.002438 H 

Between the limits of H = 0.1 and 0.8. 

P ranges from 0.040460 to -0.820586 
Q If If 2.594510 to 0.908659 
X If 0.497322 to 0.499814 

The equivalent marginal capacity can be determined from. 

l/Beq = XQAX- 1 + 1.0 

·=.0.5 QA -0.5 + 1.0 

2. Actual hi~ Usage Circuits • N 

The relationship between N and A the pure chance offered traffic 
for marginal occupancy values of 0.1 to 0 .8 was found to be, 

N = R + TAO.5 + A 
where Rand T are functions of the marginal occupancy H. 

R = 0.527355 - 2.233955 HO.5 - . 0.06694 H 

T = 0.923485 - 12.59178 ZS - 3.396178 (H 0.3915) 
where, 

Z = ( IH - 0.39151 )3.543912 
S = +1 for H~0.3915 and -1 for H (0.3915 

Bet.....een the limits of H = 0.1 and 0 .8 

R ranges from -0.185778 to -1.524307 
T If If 2.072990 to -0.991309 

3. Actual Circuits for Grade of Service Criteria 

• • 

• 

• 
For grades of service 1 in 200 and 1 in 500 the relationship between • 
N and A is as follows :-

N1I200 

Nl/500 

0.745148 + 2.971970 A0.428036 + 0.985860 A 

0.990524 + 3.260262 AO.441454 + 0.990887 A 
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