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INTPflnt'CTIm: 

1. 1 This study is part of a more general one 
intended to compare t he costs of an international 
network with a given grade of service between any 
pair of international centres in two distinct 
situations: 

(i) where the network is designed with 
systematic use of alternate routing 
and without regard to any particularism 
stemming froM national considerations; 

(ii) where a ne t work is based on the sum 
of the decisions peculiar to each of 
the countr j es it connects, the decisions 
being guided by the desire on the part 
of each cOllntry to maximize the financial 
return deri ved from its international 
service (assuming always that the 
prescribed grade of service is maintained). 

These two polic i es for planning the 
international network , one based on the "common 
goorlll which leaves f r ontiers and individual 
nationa l interests Ollt of account (as advocated 
in the CeITT Recommelldations), and the other 
based on a sum of national interests which may 
be conflicting, are likely to lead to very 
divergent results in terms of the structure 
of the network. A comparison between the North 
Americ:m network and the international network 
in Europe is instructive in this respect. In the 
fOrJller, which is governed by a planning control 
authority, alternati ve routing has been in general 
use for more than 2S years and provides a quality 
of service much appreci ated by users. In the 
international Europe :m network, the cases where 
international transit switching is used for 
alternative routing are extremely rare, to the 
detriment - we shall not enlarge on this point -
of service quality ...•• 

1. ~ The general study mentioned above was intended 
as a theoretical study, and so a sufficiently 
representative Model of an international network 
has been used for the sake of mathematical 
convenience. The model of the international 
network is representeJ by a square matrix with 
five lines and five columns (Le. 25 countries). 
It is described in more detail in Annex 1. 

The cost elements usetl for the economic 
calculations are the basic tariff components 
(expressed in gold francs) defined in CCITf 
ReCOMmendation D.300 R. 

1. 3 One specific problem arose as soon as it 
came to defining the structure of the network to 
be designed according to the "common good" theory 
(see (i) in 1.1). Should this network be given a 
hierarchical structure from the outset? Or should 
there be no hierarchization of the centres in the 
beginning? 

The second a lternative was chosen. This 
approach is indeed more in keeping both with the 
situation of the international network, for which 
there is no central authority that imposes its 
views, and with the aim of an impartial theoretical 
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study which should not start by glvlng precedence 
to any of the centres (capitals) in countries which 
are all, from an international standpoint, equal 
States. 

Admittedly the present text of CCITT 
Recommendation Q.13 does place the centres (the 
eTs of that 'Recommendation) in a hierarchical order, 
but so far these provisions have not by any means 
been closely followed. 1nere is, moreover, 
(particularly in terms of intercontinental traffic) 
a contradiction between : 

the hierarchization stipulated in 
existing Recommendation Q.l3 (drafted 
in 1964); 

the clause in Recommendation £.250 
(New system for accounting in 
international telephony), drafted in 
1968, which acknowledges (paragraph 
12.3) the right of tile Administration 
of origin to choose the first transit 
centre towards which it will route 
traffic on the basis of economic 
criteria (the "price requestedll ). 

In this connection, a revision of 
Recommendation Q.l3 is to be adopted for study 
by the VIth Plenary Assembly of the CCITT (New 
Question H/XIII - Document AP VI-No. 34, page 57) 
and the present theoretical study could well 
contribute in thlS context towards clarifying 
certain points concerning the structuring of a 
non-hierarchical network. 

IIYP011iESES ON WHIQi THE STUDY IS BASED 

2.1 The traffic between centres in the network 
is taken to be one-way and we refer to orientated 
pairs of centres I.J7 the traffic from I to J 
being represented by AIj. 

2.2 The groups of circuits linking the pairs of 
centres are: 

either first choice groups (also known 
as "first choice route") which may 
overflow at the group originating 
centre; 

or last choice groups ("last coice 
routes") which cannot overflow. 

2.3 For the outgoing traffic of a given centre, 
the choice of an overflow group (if there is to 
be one) will be limited to a single group. This 
condition is almost essential for a convenient 
study of the network as a whole and it reflects 
the situation which exists normally at the centres 
of the international network. Expressed in more 
mathematical terms, this rule will be represented 
:is follows : 

"For any orientated pair of centres 1-- J, 
there will be (as long as the I--J group is not 
last choice) at centre I a single transit centre 
. to which overflow may occur. 11 
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2.4 The alternative routing of a call may involve 
several overflows in succession (one per originating 
or transit centre). 

The problem of alternative routing will thus 
be deal t ,,,i th on a comprehensive basis which takes 
into account the complexity of international traffic 
handling. It is worth while to explain the need 
to provide for the possibility of several subsequent 
overflows; this may be done as follows : 

Let us take the case of a call from I to 
destination J, which overflows and is routed to 
a first transit centre KI. Once it has reached 
KI , the call is merged with the calls originating 
in KI , and there is no way of distinguishing it 
from them (signalling codes do not include any 
"indicator" specifying the international centre 
of origin of a call or the route which it has 
already followed). At centre KI' if the group 
K1J is not last choice, our cal originating in 
I and having reached KI may receive an overflow 
routing to a second transit centre K2• The same 
process wi 11 be repeated once it has reached K2' 

In a non-hierarchical network, the possibility 
of several overflows in succession will make it 
necessary to ensure that a call from I does not, 
over a route determined by several successive 
overflows, make a complete circle and find itself 
back in I before reaching J. 

3. GIJIDELINPS FOR THE STUDY 

The basic hypotheses mentioned in 2 could, for the 
purpose of onr stully, be formulated in four guidelines 
(abbreviated to GL) : 

GL 1 A first choice group can only overflow to a 
last choice group which, by definition, 
cannot overflow. 

GL 2 The loss probability for the whole of the 
traffic routed over a last choice group is 
the maximum value adopted to define grade 
of service (assumed loss probability, taken 
as 6% in our study). 

GL 3 

GL4 

In any centre, overflow is on an exclusive 
basis. a single transit centre being 
determined at each group originating 
centre for each orientated pair of centres. 

For each pair of terminal centres, the 
criterion adopted to determine the transit 
centre consists in concentrating the 
overflow traffic to the maximum possible 
extent over some groups. 

The four guidelines GL 1 to GL 4 actually reflect 
the existing reality very closely with regard to the 
organization of the developed national networks. In 
any case, since the traffic under consideration is busy 
hour traffic there would he little point in trying to 
iMprove the quasi-optimum solution obtained. 

4. PROCEDtJRJ : FOR STRUCTURING THE NETIVORK 

The aim is to dimension correctly each group 
between any pair of centres so as to minimize the total 
cost of the system while observing the grade of service 
stand~rd fixed at the outset. This process can be 
divl cicd into three phases. 
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4.1 In the first phase. a transit centre K to 
which the traffic AiJ might overflow is determined 
for each orientated pair of centres YJ7 The 
determination of K depends on two criteria . : 

(i) the observance of the grade of service 
standard set for ~traffic; 

(ii) the cost ratio between the direct route 
IJand the alternative route passing 
through fK.' 

4.2 In the second pha~e, the quality (first or 
last choice) of each IJ group is set according 
to two parameters : 

(i) 

(ii) 

the total traffic flow likely to be 
routed over m 
the cost ratio between the direct route 
~and the alternative route. 

4.3 In the third phase, the following is 
calculated : 

(i) the loss probability for each first 
choice group (i.e., the overflow 
probability of that group); 

(ii) the number of circuits for each group 
(first or last choice); 

(iii) the resulting costs. 

The calculations in the third phase are based, 
with regard to (i), on the equalization of the 
marginal costs between direct and alternative 
routing and, with regard to (ii), on the Erlang 
formula and Wilkinson's theory. 

S. FIRST PHASE OF TilE STUDY. OiOICE OF A TRANSIT 
CENTRE FOR A RELATION BETWEEN A PAIR OF 
TERMINAL CENTRES. 

This involves determining, for each orientated 
pair of centres, a single transit centre. The choice 
is governed by guideline GL 4 outlined above. 

5.1 First, we estimate the "potential overflow" 
on the basis of the well-known fact that in 
practice overflow is advantageous only on 
low-traffic groups. For this purpose, the 
practical rules of Table 1 are used for assessing 
the "potential overflow traffic" : 

TABLE 1 

Generated traffic A Estimated potential overflow 
traffic 

A ~ 8 E A/2 

BE < 

16 E 

A ~ 16 E lA 

< A 0 

These estimated values have been lietermined 
by calculations involving simple cases and should 
naturally be regarded as very rough approximations . 

5.2 Second, for each orientated pair of centres 
IJ

f 
we make an initial choice of 4 transit centres 

(K , KII, KIll, KIV) likelrJlo be selected as transit 
centre K for the relation IJ. This' choice is based on 
economic considerations relating to routing costs 
(expressed as "annual charges"); the parameter used 
is the cost ratio R advocated in CeITT Recommendation 
Q.B9 and defined as follows : 

cost of one additional circuit on alternative route ~ 

R·-----~-----------------------------------------------------------------------

cost of one additional circuit on direct route ~ 

For alternative routing to be economic, the 
additional distance entailed by the alternative 
route should not be too great; in other words 'the 
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ratio R must not be too high. We shall thus 
systematically avoid choosing any centre K which 
would involve a ratio R higher than 130%. It is 
consi dered that if R exceeds this lillli t, the 
additional annual cost due to overflow would 
llullify the advantages of alternative routing. 

5.3 Third, in accordance with guideline GL 4, 
we determine for each orientated pair fK the 
traffic which corresponds to the sum of : 

(i) the actual traffic I -K. 

(ii) the estimated "potential traffic" due 
to the overflow of the traffic I-{ L}, 
{ L } designating the set of all the 
centres L likely to use K as a transit 
centre for the overflow of traffic 
I-L. 

During this thir.d step, the 4 groups IK in 
the al ternate paths defined for any L under 5.2 
are assumed to be loaded by the sum of the traffics 
defined under (i) an(l (ii). 

The most loaded group ~is selected and 
receives the slim of all the potential overflows. 
These overflow traffics are subtracted from the 
load of the other paths initially considered. 
The operation is repeated by successive 
iterations until finally a single transit 
centre K (if any) is associated with each of 
the oriented pairs. 

5. ·1 The relatively regular and homogeneous 
structure of the network model under consideration 
and the Method follOlved to determine the (first) 
~nsitcentre K to he associated with each group 
U, effectively rules Ollt the possibility of a 
call going in a circle on an alternative route 
resulting from successive overflows. 

Let us consider a pair (I, J). 
alternatives: 

There are two 

either I and J are immediate neighbours; 
it may then be considered that the 
traffic from I to J will be too heavy 
for alternative routing; 

or I and J are not immediate neighbours. 
If d (M, N) expresses the distance 
between two centres H aml N, we then 
have a centre K such that 

d (K, J) < d (I, J) 

which can serve as transit centre for 
the group I.J. For the call to go in a 
circle the transit centre for the overflow 
traffic of (K, J) would have to be I. 
However : 

either K is next to J and we have seen 
that the calls from K to neighbouring 
J do not overflow. 

or K is not next to J and we then have 
L, such that d (I, J) > d (K, J) > d 
(L, J), and the transit centre selected 
for the groups (K, J) wi 11 be L. 

And so on; a transit centre T next to J will 
inevi tab ly be se lected and the call wi 11 therefore 
reach J without again passing through I • 

Remarks 

(1) If the network had a less regular structure, 
it would be useful to provide a computer 
subroutine to check that no alternative 
path includes a closed loop. 

(2) The procedure followed with regard to the 
routing, through successive overflows of a 
call to its destination centre is fully in 

6. 

conforllity with the principle of "far-to-near 
sequence" advocated in CCITT Recommendation 
Q.13 (in 3.2.3 (b)). 

5.5 Annex 2 contains the diagram of the iteration 
process performed by the computer to determine each 
~ransit centre K to be associated with any 
orientated pair f.J7 

SECOND PHASE OF THE STUDY. QUALITY OF A GROUP 
FIRST Q10ICE GROUP OR LAST CHOICE GROUP? 

In principle, the first choice groups are groups 
with a small number of circuits. To determine whether 
the traffic on a group can overflow at the centre which 
is its originating terminal, two criteria are applied 

the grade of service criterion, 

an economic cost ratio criterion. 

6.1 GRADE OF SERVICE CRITERION 

6.1.1 Let us ascertain what grade of service is 
provided when there is overflOW, first ~aking the 
simplest case of a first choice A- B, with 
triangular alternative routing using two sections 
AC and CB in tandem, both being last choice 
groups·) (Figure 1). 

A B 

-- a) First Choice 

~b) Last Choice 

FI G.1 . GROUP 

*) On the overflow routes of the ne~work there 
is always a traffic relation where the only 
permissible overflow involves two last choice 
groups in tandem. OWing to the layout of the 
overflow centres, the alternative routing of 
a call fro. A to B brings the call nearer to 
B at every stage. The call will thus arrive 
at a transit centre K where the traffic 
generated to B is sufficiently heavy for the 
group (K, B) to be a last choice group (see 
remark in 5.4). But the call has to reach K 
by a last choice circuit since i~ is overflow 
traffic. 

Let 

q 

We have : 

the loss probability defining the 
grade of service to be main~ained 
on the international network between 
any pair of centres (q = 6%). 

~he loss probabilities on groups ~ 
and CB. As these are last choice 
groups, q = PAC = Pes' 

the loss probability on group AEr 
(i.e.-!Aa, the overflow probability 
from AB "to XC). 

the grade of service offered to the 
calls originating in A and wi tb B 
as their destination. Sy definition 
P'AB ~ q. 

534·3 



534-4 

Taking P'AB' PAC and PBC at their maximum value q, 
we obtain : 

(l-q) (l-q)] 

hence 

PAB .. ~ 
1 1 
'2 (l-g) 

2 

I I 1 
'2 1-0.03 It '2 

We thus find that, so far as maintaining the 
grade of service standard between A and B is 
concerned, the overflow BAB may lie between 6\ 
(if the overflow was ~ 6\, the group AB would 
actually be calculated as a last choice group) and 
roughly 50\ of the traffic offered from A to 
destination B. 

The value 50\ will also serve as an 
approximation of the potential overflow traffic 
in the evaluation made in Table [1 ] for the case 
of low-traffic relations (~ 8 Erlangs). 

6.1.2 In the case of alternative routing with a 
more cOJT\plex route owing to successive overflows, 
we can refer back to the triangular situation 
mentioned in 6.1.1. Let us take the case of 
such a route ACDB (Figure 2) : 

.,/:SJ 
A B 

-- a) First Choice 

~ b) Last Choice 

FI G. 2. GROUP 

The groups AC and CD to which groups AB and 
CB respecti vely overflOl~ must be last choice groups. 
Group OR is so by hypotheses when we extrapolate 
from the reasoning based on the situation described 
in 6.1. 1. 

A call coming froJT\ A and reaching C or a call 
originating in A must have the grade of service q 
and all the routes, ~(direct) or ~(alternative), 
may be assimilated to a hypoth~tical last choice 
with loss probability q. 

The conclusions drawn from 6.1.1 with regard 
to the loss probability PAS of group AB (i.e. its 
overflow BAB) thus remain valid. 

6.2 ECONOMIC CRITERION 

Provided the constraint BAB ~ ~ is observed, 
the only criterion determining the flow of traffic 
which should be overflowed from AB is thus the 
economic criterion. This criterion is based on 
the equalization of marginal costs. In the 
situation in Figure I, the marginal cost of an 
Erlang sent directly over group AErwill be 
equalized with its cost when it passes first 
over group At and then CB. It should be noted 
that this procedure, in the case of Figure 2, 
results in the cost of routing an Erlang over 
~lIP CLbeing equal to that obtained over groups 
CD and DB. 

For each first choice group (pair I-J), the 
first phase of our study led us to choose a transit 
centre K which is therefore associated with IJ. 

We shall calculate the cost ratio R (costs 
expressed as "annual financial charges") already 
mentioned in 5.2. The value of R for group f.j 
(and for centre K associated with the pair f.1) 
should be as low as possible (i.e. as near to 1 
as possible) for a significant advantage to be 
gained from overflow. 

Moreover, it is well known that, the lower 
the traffic AI~ the greater are the advantages 
of overflow. 

To select from all the centres of the network 
under study the pairs IJ which must be the first 
to be considered as warranting connection by first 
choice groups, we shall thus use a product X of 
the forllP..lla ( R )m and assume, for 

X= - • (A--)n IJ IJ 

simplicity's sake, that the values m and n are 
equal to I, so that 

x = R1J x AIJ 

AIJ being the estimated traffic between IJ (traffic 
taking into account potential overflow on IJ). We 
shall proceed by iteration as follows : 

(a) we shall calculate X for any pair Wo 
The group(s) with the lowest villue(s) 
for the produce X will be established 
as first choice group(s) if this is 
compatible with the existing structure 
of the network. We then determine, in 
accordance with 111.2, the overflow 
routes for the group(s) established as 
first choice, and these routes are then 
classified as last choice, provided that 
the compatibility mentioned above is 
maintained; 

(b) the products X of the groups whose choice 
has already been established are then 
withdrawn from the list and the process 
outlined in (a) is repeated until the 
quality (first or last choice) compatible 
with the network structure has been 
determined for all the groups. 

A diagram of these operations is given 
in Annex 3. 

7. A computer programme has been set up for the 
calculations involved in all the phases referred to 
in Section 4; this programme can be used for an 
economic cost comparison of the international networks. 
Wri tten in Fortran, the programme was initially set 
up on the computer belonging to the Polyteclmique 
F~d~rale de Lausanne as a student project and then 
transferred to the lTU computer, on which it is now 
operational. 

ANN E X 

DESCRIPTION OF THE twDDEL NETWORK 

1. The model network, a geometrical approximation of 
the European network, is a matrix with five lines and 
five columns. Each box in the matrix represents one 
country (25 countries). At the centre of each box, 
there is an international {'xchange (an international 
"cen~"). Each box is assumed to have a side of 300km, 
"stalr'dard unit of length", enabling to use the CCITT 
international accounting rates of Recommendation 0.301 R 
for cost evaluations (rates fixed per 100 km crow-flight 
distances between international centres). 
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2. The traffic between "countries" (boxes of the 
matrix) is defined by a relationship between : 

KI 
A 
ij 

traffic (busy hour traffic) to be carried 
between box "i, j" and box "KI"; 

KI 
~ distance between international centres 
ij in the middle of each box; 

As a rough approximation (but one which corresponds 
fairly realistically to the existing European network 
and traffic situation), the law A = f (~) given by the 
following table is used for the model network. 

ANN E X 2 

FLOW CHART FOR PHASE 

of the K transit 
with each 

group 

Orell up the matrix of potential overflows 

from pairs IJ: 

1st step For any pal r I), compute the as tI ma ted val ue 

L: of the potential overflow froll ii(accordlna 

to Ajj and Table 1). 

Overflows from pal rs iT: 
2nd step For any pal r Ti, select" transit centres It I' 

L: 11 11 , 11 111 , It IV wh Ich lIay be associated 

IIlth Ii (accordlna to the R cost ratio). 

3rd step 
Orall up the m!l!lx of overflolls ~ pairs IK: 

1= 
!eo For any pal r IK, assess the maximum potential .. 

t raff I c IIh I ch may be hand I ed th rouah the 

Waroup. 

l 
Oetarmlne the maxilllulI value In the above utrlx 

I t occurs for a pai r TK. 

! 
De tar. I ne the cen t rea L such tha t It' adlll ts 

IT as overfloll aroup. 

Correct the ! traffic lIatrlx 

by el imlnatlon 
the IIroup 1l. of overf lOll Fix 11 as trensl t centre for 

traffics to be 

1 discarded 

t 
Yes Is there any pal r of cantres for IIhlch No 

the overfloll transit centre has not yet STOP 

been deterlllned unlvocally? , 
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~2 A 

(~ in "standard distance", i.e. taking (A in 
the side of a square representing a 
cOWltry as the unit of length) 

1 < ~2 ~ 2 500 

2 < ~.2 ~ 5 60 

5 < ~2 ~ 9 8 

9 < ~2 ~ 32 1 

ANN E X 3 

FLOW CHART FOR PHASE 2 

COIIpute for each pal r (lJ) the product 

X RIJ·AIj 

Drall up the correspondlnll .. atrlx 

...-----r---..-t Determlna the pair (I, J) for which X Is 

Delete the 

corraspondinll X 

11111l1li .. . 

No Can lie f I x I) IS a fir s t cho I ce 

IIroup1 

No 

Vas 

Can I) overf lOll over the IIroup it 
It belnll the transit centre ISsociated 

(see Phase I) with the Ii I roup. 

Erlangs) 

Erlangs 

Erlangs 

Erlangs 

Erlang 

Fix Iras first choice IIroup end iras lait 

cho I ce R roup. 

No 

Delete X <Tn and X (TI) frOll the above .atrlx. 

Are all the IIroups IJ fixed as first choice 

or last choice IIroups1 
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