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ABSTRACT 

Saturation routing is a well-known routing method in 
military grid networks where it can be used in 
conjunction with an automatic search for the called 
subscriber when the exchange to which this (mobile) 
called subscriber belongs is not known. The basic 
principles are as follows : 

the originating exchange serving the calling 
subscriber generates a search message which is 
broadcast, step-by-step, throughout the network. 

after analysis of the search message, the terminating 
exchange serving the called subscriber sends back 
a return message usirig the same path as the first 
incoming search message, 

the connection 'is set up and an end messa~e is 
broadcast by the originating exchange to release 
those exchanges not co~cerned. 

Routing messages are transmitted from an exchange to 
its neighbours through a "common signalling channel", 
which is one of the channels constituting a junction 
between two exchanges. 

In military netw9rks, a better grade of service has 
to be given to priority calls. This is ,achieved by 
reserving in every junction a few channels which can 
be occupied by priority calls 'only. In practice, channel 
reservation is implemented in an approximate way : for 
priority calls, search messages are transmitted by an 
intermediate exchange over every outgoing junction, 
provided at least one channel is free, whereas for 
normal calls search messages are transmitted only over 
junctions having at least v free channels (with v>l). 

From the tr~ffic point of view two problems have been 
considered and solved : 

Distribution law of the number of busy channels 
in a junction when total traffic Al + A2 is 

offered if v channels at least are free, whereas 
priority traffic A2 only is offered if less than 

v channels are free; 

Probability of conflict arising from the fact that 
the last free channel in a junction may be occupied 
(by a different call) between the search message and 
the return message. 

Numerical results are given. 
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1. INTRODUCTION' 

The French Army's future tactical network is being 
developed within the frame~ .. ork of the RITA pro j ect. This 
project is led by S.E.F.T. (Secti,on d'Etudes et de Fabri 
cations des Telecommunications) and aims at developing 
a fully automatic digital integrated network. "Integrated" 
here means that both transmission and switching use the 
same type of digital modulation, i.e. Pulse Code Modul
ation (P.C.M.) 

The Laboratoire Central de Telecommunications (LCT) 
main responsibility is to develop the switching equipment 
and LCT has designed a call routing method l-1ell adapted 
to the proposed application in that only knowledge of a 
mobile subscriber's directory number is required to 
locate that subscriber within the network. The call 
broadcasting method (or "saturation routing") has 
accordingly been chosen. This method has the additional 
advantage of probabilistically determining the shortest 
path between the calling and called centers. Finally, 
it has excellent resistance to the destruction of centers 
or links, since a path between any two points of the 
network can be identified and set up as soon as there is 
at least one possible path, whatever the state of the 
network may be; provided, of course, that the net~ork 
retains some degree of connectibility. The control method 
implemented maintains this advantage in any subnet\-1ork 
, .. hich might result from partial destruction. 

This type of call routing has been tested in the field 
and proved satisfactory during the military field trials 
that followed development of the first generation 
equipment. The method has been improved for the second 
generation equipment being developed, mainly so as to 
take into account the introduction of priorities in the 
call establishment procedures. The corresponding 
modifications have raised dimensioning problems, and 
these are precisely -the subject of the calculations 
described in the present paper. 

2. GRID or "MESHED" NETI,vORK. 

The network (see ref (1) and [2] ) is basically a 
grid (see fig. 1) in which the nodes are either node or 
transit centers and the links are multiplex 24-cnannel 
PCM junctions. In each junction, one channel is used for 
synchronizing the multiplex frame, another channel is 
for signalling and the remaining 22 channels are 
available to transmit information in the form of PCM 
coded speech or data. Each channel, and more particularly 
the signalling channel, can transmit 48 kilobits/second: 
such a high signalling capacity makes it possible to use 
an elaborate ' routing method and to obtain extremely short 
response times of an order well beyond those attainable 
in an analog network, on which signalling speeds barely 
economically exceed 1200 to 2400 bits/second. 

Local centers are linked to node centers via 2 or 3 
junctions for obvious security reasons. Users 
(subscribers) are connected to local centers (or to node 
centers which, in point of fact, are identical to local 
centers) via concentrators. The links between 
concentrators and local centers or between local and 
node centers are also 24-channel PCM multiplex junctions. 
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Fig. 1 GRID NETWORK 
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3. CALL ROlITING. 

As shown later on, two different, although complementary, 
functions can be performed by the saturation routing 
method : 

- search the network for a called' subscriber knowing 
only his directory number and not the address of his 
local center, 

- search the network for a free path to connect calling 
and called centers, after the latter has been identified. 

It is also shown th~t the path search function is itself 
completed by automatic channel reservation for priority 
calls. 

A junction is considered free for a call of given 
priority if, at the time considered, there are fewer 
busy 'channels in this junction than a value predetermined 
according to the priority class of the call. 

Consider, for instance, two call priority classes, i.e. 
priority calls and non-priority calls. As 22 channels 
can be used in a junction for routing calls, it may be 
decided to reserve three channels for priority calls; 
the junction will be free for non-priority calls when 
18 channels at most are busy; the junction will be free 
for priority calls as soon as one channel at least is not 
busy. 

The routing procedure of a call is performed in three 
successive phases : forward, backward, end. 

3.1. FORWARD PHASE. 

The originating exchange serving the calling subscriber 
generates a search message mainly consisting of the call 
priority and the called subscriber's directory number. 
This search message is broadcast step-byrstep over the 
signalling channel from one exchange to its neighbours 
through the entire network. 
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The following two rules are observed : 

- the originating and intermediate exchanges retransmit 
a search message only over those junctions which are 
"free" for the priority class of the call considered, 
i.e~ that have at least one free channel if the call 
has priority and v free channels (v > 1) if the call 
has no priority; 

- the intermediate "local" exchanges do not retransmit 
search messages, so as to avoid overloading themselves 
and their outgoing junctions with transit traffic, when 
they have a large number of subscribers to serve; this 
constitutes the only functional difference between a 
local center and a node center; additionally, the class 
of an exchange may be changed during operation if 
required to 'ensure connectivity of the transmission 
graph. 

3.2. BACKWARD PHASE. 

Any intermediate exchange reached by a search message, 
first retransmits this message according to the rules 
that have just been described and then looks into its 
"translator" for the subscriber concerned by the search 
message. Every exchange translator contains a list of 
the subscribers it serves. 

As soon as an exchange finds that a search mes~age 
refers to one of its subscribers, it sends a return 
message back to the originating exchange, using the 
same path as that used by the first search message 
received by the exchange to which the called subscriber 
is connected. In order to reconstitute that path step-by
step, each intermediate exchange stores in its memory 
the identity of the junction through which a search 
message concerning a particular call has arrived for 
the first time (the same search message may of course 
arrive succeSSively several times at the same exchange, 
using in general longer and longer paths). 

The channels to be used by the call are reserved at the 
time the return message is transmitted; this in 
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accordance with a procedure which avoids any possibility. 
of "double seizure". 

3.3. END PHASE 

When the return message has arrived at the . originating 
exchange, the latter broadcasts - without any restriction 
related to priority for security reasons - an end 
message having a double use. First, it enables the 
intermediate exchanges not concerned by the call, to 
remove from their memories the information, now useless, 
on that call. Second, the end message validates the ' 
path reservation made during the return phase and 
initiates establishment of the conversation path. 

4. ADVANTAGES OF THE METHOD. 

The routing method just described is a "dynamic" method 
in the sense of the classification given in ref [3J . 

This routing method genera~es heavy signalling traffic 
and can, in practice, be implemented in digital networks 
only. It has, however, many advantages, of which the 
main ones are : 

- called subscriber searching is automatic and the 
directory may be fixed, since mobile subscribers 
retain their own number wherever they move; each 
exchange, of the network nevertheless has in , its 
memory a complete list of the subscribers to which 
it is directly connected at anyone time. 

- the path used for a given call is very likely to be the 
shortest possible path. This results in efficient 
use of the transmission. media. 

- the resistance to failure and partial destruction, 
even if widespread, is excellent since, even if only 
one possible path remains to connect two subscribers, 
that path can be found. 

- a 'better grade of 'service for transmission is 
automatically given to the priority subscribers 
(several priority classes can be introduced with 
different grades of service), which can be combined 
with processing priorities in the switching centers. 

- significant savings in the memories are obtained. 
Although any subscriber can be reached without 
knowing his connection center, each center's memory 
contains only the list of its own subscribers; in 
addition all possible paths can be tried, but the 
centers do no need to memorize routing tables (such 
routing tables would be very cumbersome). 

Finally, the method makes it easy to improve the 
security and the operation efficiency of the network. 
For instance 

• non priority calls having a path significantly 
longer than the shortest possible path can be refused; 
it is in fact known (cf r~f. [3] ) that the 
resistance to ' traffic overload is not optimum if all 
possible overflow paths are permitted • 

. , subscribers on the move can be offered the facUity 
of automatic introduction to the network by connecting 
to the nearest center, the translators of both the new 
and the old centers being updated automatically. 

• subsc'riber lists may be written not only in f:he 
memory of the connecting center but also in one of its 
neighbouring centers (for obvious security reasons); 
automatic switch-over procedures for use in case of 
failure or destruction of the connecting center can 
then be provided. 
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5. TRAFFIC CALCULATIONS. 

The call saturation routing method with priority 
subscribers raises two traffic problems to be solved: 
the occupancy law of the junctions and the probability 
of conflict. 

5.1. OCCUPANCY LAW OF THE JUNCTIONS. 

The routing method previously described results in the 
following occupancy of the inter-center multiplex 
junctions: if R denotes the number of channels in 'the 
junction, the traffic offered is Al + A2 when the 

number k of busy channels is smaller than 
traffic offered is A2 when , the number k 

9 and the 
of busy 

channels lies between 9 snd R, where Al denotes 

non-priority traffic and A2 priority traffic. This 

simple problem can be solved directly, assuming the 
traffic offered is Poisson-distributed and holding 
times are exponentially distributed. 

Annex 1 expresses the state equations and their 
solutions, as well ~s the values of the loss probabilities 
for priority and non-priority subscribers. Annex 1 
also contains the recurrency formulas which make it 
easy for these proba~ilities to be calculated by means 
of a computer. 

, 'p 

fO-'~ ________________________ .~~ __ 

~ig. 2 LOSS PROBABILITY FOR 
A JUNCTION (A 2 • O.lA) 
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Fig. 3 LOSS PROBABILITY FOR 
A JUNCTION (A2 = 0.2A) 

.Some numerical results are... presented in .figures 2, 
3 and 4. The curves drawn give the values of the 
blocking pr<)babUities for priority and non-priority 
calls in a junction of R = 22 channels, versus the 
total traffic offered A = Al + A2 and for various 

values of parameter g : g = 21, 20, 19, 18, i.e. 
1, 2, 3 or 4 channels respectively are reserved for 
priority calls. The Erlang limit curve for which 
g = R = 22 (no channel reserved for priority calls) 
has been added for the sake of comparison. 

.., 
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tI 
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t 

The curves given in figure 2 correspond to A2 = 0.1 A 
i.e. the priority traffic equals 101. of the total 
traffic. The curves in figures 3 and 4 correspond to 
a priority traffic equal to 201. ·and 501. respectively 
of the total traffic. 

These curves show that very few channels have to be 
. reserved for priority calls, so that the latter have 

a grade of service much higher than that of non-priority 
calls; all the greater, of course, the smaller the 
proportion of priority traffic. For example, if the 
total traffic is 18 Erlangs and of this 101. is priority 
traffi c (fig. 2), then the 1088 probability is higher 
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Fig. 4 LOSS PROBABILITY FOR 
A JUNCTION (A 2 - 0.5 A) 

1 
than 101. for non-priority calls and smaller than 1000 
for priority calls when 2 channels only (g = 20) 

• 
• 

• 
are reserved for the latter; if no channel were reserved • 
for priority calls (g = -R = 22), the loss for all calls 
would be 6.51.. 

The calculation method described in Annex l ' shows that 
the results obtai~ed could easily be extended to more 
than two priority classes. 

These results can also be used to obtain the probability 
that a call, with a given priority class, uses a path 
longer than the shortest possible .path. For instance, 
the graph formed by the set of the shortest .paths 
between the originating and terminating centers can 
be determined for the considered call and then the 
usual blocking calculation methods in link systems may 
be applied. The load of each link is obtained from _the 
method given in Annex 1, after having defined the values 
of the offered traffic. This assumes, of course. (highly 
questionably) that the various links of the network 
handle independent traffic loads. 
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5.2. PROBABILITY OF CONFLICT. 

The call routing method, described in Chapter 3, in 
itself involves a risk of conflict : we have already 
seen that call broadcasting took place over "free" 
junctions only, i.e. those having at least one free 
channel for the calls of the considered priority 
class; but this occupancy condition may be different 
at the time the path is set up by the return message, 
which occurs only at a further instant. The time 
which clapses between ' the search message and the 
return message is generally short but not negligible. 

The probability of conflict will be defined as the 
probability that between the transmission of the 
search message (search for the called subscriber) and 
the reception of the return message, another ' - in 
principle previous - call, uses the last free channel 
in one at least of the junctions chosen for the 
current call. 

To determine this probability of conflict C, the 
following problem concerning one junction must first 
be solved : 

Consider a given junction; from the routing method 
it is known that at time t = 0 , there is at least 
one fr~nnel for the priority class of the call 
(if not, the call would not have been broadcast over 
that junction) and one seeks for the conditional 
probability Pc that at time t = tl when the 

channel is reserved, the junction is no longer free 
(its channels are busy) for the considered p~iority 
class. 

Annex 2 contains a proof that probability p is 
given, as a first approximation, by the foll&wing 
formulas : 

for priority calls, 

P A PR f 
C - z 1- p~ t f 

and for non-priority calls, 

P S - f t ~~----~~----~---- , . 
1-{Pe + P"+I +--- + PR. 

Consider now a call of length m, i.e. using m 
consecutive junctions. Assuming that these junctiqns 
handle independent traffic flows and denoting by p i c, 
and tl i the values of p and tl respectively 

, th c ' 
for the i junction, the probability of conflict 
C for ' a call of length m is given by : 

"., 

C= 1- ,TT (1- Pc . ) 
L: f ~ '-

If all the junctions handle the same traffic and if 
the values of tl,i do not vary too much from one 

junction to another, expres,sion C becomes 

It is worth noting that the above assumption on traffic 
independence is pessimistic: in such a network the 
correlation between the traffic flows offered to the . 
various junctions is generally strongly positive. The 
above expression of C is therefore an approximation 
by excess of the probability of conflict. 
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Fig. 5 - PROBABILITY OF CONFLIT 

The tables in figure 5 give as an exemple, for priority 
and non-priority calls, some typical values of the 
probability of conflict C corresponding to the following 
values of the various parameters : 

A ~otal traffic offered) = Al + A2 = lSE, 18 E; 

• A2 = Al = 0.5A (50% of priority traffic); 

• ~ = 20 (two channels reserved for priority calls); 

• tl = 0.1, 0.2, 0.5 seconds 

• m (path length) = 3, 5, 10. 

6. CONCLUS ION. 

A method has been derived for calculating the law 
of occupancy in a multichannel junction when, above 
a certain number of busy channels, the priority calls 
only can be taken into consideration. In particular, 
the probability of total occupation of the junction 
for prio~ity and non-priority calls is obtained. 

It has also been shown how, in a network using the 
call saturation routing method, the "probability of 
conflict" could be evaluated. The latter is particularly 
important in such a network since it is a significant 
element of the grade of service offered to the various 
types of call. If for the actual values of the 
parameters, the probability of conflict is found to be 
too high, the routing method can always be improved so 
as to decrease this probability of conflict. 

It can be admitted, for instance, that, if such a 
conflict occurs during the return phase, the call 
is not blocked but progresses over the junction 
through which the second (and not the first) search 
message has arrived. This leads of course to some 
complication in the control devices and the interest 
of the calculations performed is precisely to decide 
whether such additional comp.lexity is really necessary. 

ITC 7 



BlBLIOGRAPHY. 

J. Le Corre et A. Pirotte - La modulation cod~e 
en impulsions appliqu~e a un r~seau militaire 
enti~rement automatique. (Pulse-Code Modulation 
for Automatic Switching of a Military Network). 
Revue des T~l~communicatio~s, 42, 3, 1967, 
pp. 274-280. 

2 P. Vitry et A. Pirotte - La modulation MIC dans 
un r~seau de t~l~communications militaire tac
tique. Description des ~quipements et premiers 
r~sultats d'exp~rimentation. (Military Tactical 
Communication Network using Pulse-Code Modula
tion). Revue des T~l~communications, 46, 2, 1971, 
pp. 132-138. 

3 Ch. Grandjean - Strategies d'acheminement des 
appels dans les reseaux telephoniques. (Call 
routing strategies in telecommunications 
networks). Revue des Telecommunications, 42, 
3, 1967, pp. 218-225. (Communication, 5th ITC, 
New-York, 1967). 

Annex 1 - OCCUPANCY OF JUNCTIONS. 

,Consider a junction of R channels to which a non
priority traffic Al and a priority traffic A2 are 

offered. 

P denot~ng the probability of having k channels 
bhsy ,at the statistical equilibrium, the following 
system of equations is obtained 

{Af-l-/lz} Pa 
(,.111 + 112) P, 

( .If; + Az ) ~_, 8 Ps 

JI z ~ =- (8 + f) P 8+1 

A 2 18 + , ( e + 2) ~+2 

-"2 ~-, 
which , gives the formulas 

If Po (II,-fllz) 
k! 

Po (A, +112)6 

It! 

for k£ e 

For (JLk~/l 

On the other hand, the condition of normalisation 

Po T P f ,'.' , .... -+ PR = f 

gives 

p...;; A1+.42 (Af+Az}(J f' +--f.-'- + ... + ---;;- + 

i.e. for k ~ g : 

~ 
~_ (1/,~A2) ~ 
.t- I<.'r,.,. .4f+AZ+ .. . . ." (A1+AzJ 8+ (Af+AZ)8A2-f • . . +(AtIAZ}9A2 87 

L' f' 8! (8+1).' R!"} 

and for gL k~R 

lIe 7 442/6 

Replacing k by R in the preceding formula, the 
blocking probability for priority subscribers is obtained: 

For the numerical calculation of this expression, a 
re currency formula can be derived. Let : 

( 111 +1I2) 8 112 £-9 

~/ 

(:3~ = 1+ Aff A2+ ... + (At+AzJ~ (lIf+IIZ)'lfz+ ..• +(A,."AzJ8Az/l.(J 
f! 8/ (8+fj/ III 

These formulas being valid for R~ g. The following 
re currency relationships are obtained : 

~ Az 
'"" £: 0( R.-1 .--:e-
(3 R = f3 /l-f + ()( "--1' ~2 

f f R. ----·--+f 
&8,/l £8,'l-f Az 

This formula is valid for 
starting with : 

R >g , the recurrency 

1 ~ 
(} +f +1 

£8,8-1-1 =~. /12 

E~g is then obtained from the classical recurrency 

relationships of the Erlang formula 
f _ f 8 +f 

£(J~8 - &8-1,8-1 Afl-lIz 
starting the recurrency with EO,O = 1. 

(1) 

E~ can therefore be calculated until the given value of 

g with formula (2) and Eg,R is then calculated by means 

of recurrency formula (1) until the desired value of R 
is obtained. 

The blocking probability for non-priority subscribers is 
given by : ~ 

E~ 12:: L P" 
, /(=8 

This formula can be calculated numerically, using the 
following recurrency relationships: 

E • __ ,'l_ 
8,1l /12. 

~-f·~ 
112 

~+f . 
s+( 

,112 

Annex 2 - PROBABILITY OF CONFLICT. 

The arrival times of calls on a junction are 
conventionally assumed to be suitably described by a 
Poisson process and the conversation holding time is 
a negative-exponential distributed random variable; 
occupation of the junction is then a Markov process. 
Only the stationary state (statistical equilibrium) of 
the Markov process was used in establishing the formulae 
in Annex 1, so as to obtain very simple equations of 
state. 

The more general non-stationa·ry case must now be 
considered in order to evaluate the probability of 
conflict defined in paragraph 5.2.; more accurately 
speaking, this is the conditional probability of conflict 
Pc for a prescribed junction. 

Let P
j 

(t) denote the probability that the junction 
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is in state j at time t , i.e. j channels are busy 
at that time (j .. 0, 1, 2, R). 

Let a j be the traffic offered to the junction when 

the latter is in state j • 

Looking at the evolution of the system between two 
neighbouring times t and t + dt and considering 
the transition probabilities of the first order only, 
the following classical equation is obtained 

PJ (t +dt) =- [,- (0.; +j )dtJ IJ ft) + 

+ 0J' de. p, fe)T (J+f}dt . PJ'+f (t) 
-1 J-1 

(taking the average holding time of a conversation 
8S a time. unit), which gives at the limit: 

dfj·(tJ= _(a
J
,+J}?,(&}+C1. P, (6j+(J+t/P. (t) 

c:lt J J-1 ",-1 "+1 

J=O,1, ..... .e 

(1) 

the first and the last term of the right-hand-side 
of (1) cancel for j = o· and j = R respectively. 

The equations of state at statistical equilibrium 
(stationary state) used in Annex 1 are obtained from 
the above system of differential equations by writing: 

dP.j (t) 
---...:.--:0 

c:lt 
Let us recall that, for the considered application, 
coefficients a

j 
are g'iven by : 

,1/ j = A f +/1z for o£.J£:.e 

a' J = A2 for O~ JLR. 

oJ ' :;: 0 for J -=/i! 

For ease, the differential system can be written in 
matrix notation. 

Let : 

p (c) 

P,e (c) 

denote the column-vector of the state of the system 
at time t. 

Let : 
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denote the transition matrix of the process. · 

Differential system (1) can then be written : 

dP (t) ( j ~---::t1.P t. 
dt 

and its general solution is given by 

pit) = e
l1 ·t

. 1'(0) 

where p(o) designates the vector of the state 
probabilities ·at the initial time t - O. 

(3) 

The required probability p (probability of conflict 
in a junction) is, let us rimember, the conditional 
probability that at time t 1 , the junction is fully 

busy (for the priority class considered), although we 
know that at time t 2 0 , when the search message was 
transmitted, the junction had at least one free channel 
(for that class of priority). 

With the preceding notations, one can then write, 

for priority calls 

Pc = ~ (t 1 ) 

pro) =.---
f -P.e 

- for non priority calls : 

P.e - f 

o 

~ = P (t,)+P (t,}+ .... + P" (Cl) 
8 6+' ~ 

"8- f 
o 

o 

(4) 

(5 ) 

Equation (3) therefore gives the theoretical value of Pc' 

but working out the analytical expression of Pc from 

(3) means ~aving to calculate the eigenva1ues of matrix 
M, which is impossible in the general case. 

In our particular case, however, the value of t1 is 

in general small as compared with the unit of time, i.e. 
the average holding time. An approximate expression for Pc 

can be obtained by developing equation (3) in series 

Equations (4), (5) and (6) then give 

- for priority calls 
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- for non-priority calls 

p _ (At fIf2)Ps_f Cf 
c- + 

1- (I'e f Pe +f + . ... -I- P,e) 

[(Af+.42)218_2-(Afl-112)(lIf-l-lI.z + 28-f)f6_f] 6f

2 

+ r ' " 
2 [f - (1'8 -+ ,09 -I- f -I- - - - + ~) j 

In practice tl is small enough to permit only the 

first term of the development to be used whence the 
values given in paragraph 5.2. of the main text. 
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