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ABSTRACT 

In PCM, common control telephone systems, three
-stage configurations, of the type TST or STS, 
are often used for the digital switching network. 
This article is concerned with a three-stage nume 
rical switch to which is offered a one-way traf-
fic, requiring two distinct paths through the 
network in order to effect a bi-directional 
speech connection. 

The scope of this work is to determine a theore
tical model which calculates the influence that 
the twin-path seisure has on the grade of servi
ce of the network, when the paths are established 
independently and in a random manner. Its accura
cy is compared with the simulation results of 
some cases of practical interest. 

Some more technically convenient route selection 
techniques, relating the two paths together, are 
defined and evaluated by means of simulation. 

INTRODUCTION 

The main function of a digital switching arrange
ment, in a PCrIl integrated system, is to effect 
the connection between pairs of channels of 
incoming and outgoing PCrIl lines. To this purpos.e 
a space switch is used to connect the PCM lines 
physically, whilst time switches set up the conne
ctions between the channels on different time
-slots. 
Three-stage digital switches assume two interes
ting time division forms: the STS and TST; from 
an analytical point of view, both the configura
tion may be represented by the equivalent three
-stage network shown in Fig. 1. 

When the traffic flows through the digital net
-work in one-way, for each bi-directional speech 
connection two independent connecting paths must 
be set up through the network : a "go-path" and 
a "retu·.rn-path". The input channel "i" is 
connected with the output channel "j", whilst at 
the same time the input "j" is connected to the 
output "i"; see Fig. 1 • 

To effect the double-path connection it is possi
ble either to 

A) effect the route-choice separately 

B) define some rules which relate the two paths 
together. 

This requirement of two distinct, simul tane'ous 
paths within the network, for each call attempt, 
increases t he blockir.g , · .. ...,hich cannot be 
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determined by the classical single path model~. 
In the following paragraph an analytical model 
is presented which determines the loss assuming 

·the ~othesis A). It also assumes that the path 
search is random and that the stages of the 
network are statistically independent. 

The model calculates the loss distinguishing 
between the loss of calls within the same 
switch-group or on different switches. 

For case B), two routing procedures are defined 
and evaluated in terms of grade-of-service. 

N N 

Fig. 1 - 3 - . Stage simmetrical switch 

THE MODEL 

A new arriving call may meet congestion when in 
the network all the possible connections are 
unavailable.The probability of meeting this con
dition depends not only on the traffic loading 
existing on the network, but also on the occup~ 
cy distributions of· the links. This means that 
even a limited number of connections may induce 
congestion due to the incompatibility between 
available links. 

The routing strategy is therefore an important 
factor which determines the occupancy configura
tions and affects the grade-of-service offered 
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by the network. 

This combinatorial model calculates the 106s
probabilityof a simmetrical 3-stage configuration 
(Fig. 1), in the hyPothesis that the two paths 
required by a call connection are determined 
distinctly with a random search. The model is 
based on the method of Jacobaeus [1] which assu
mes statistical independence between the stagrs, 
but takes into account the twin path requirement. 

The arrival process on the first-stage multiples, 
will thus consist of calls that have 

- only the called or calling channel appartaining 
to the same multiple; 

both channels appartaining to it. 

In the first case only one connection will invol
ve that multiple whilst in the second two simulta-

neous occupations, will be required. If a Poisson 
traffic process -is assumed and the calls are 
distributed evenly on the groups, the link-occu
pancy distribution will be a truncated compound 
Poisson [2] 

.f 

D 

D 
x=o 

where D is the factor of normalisation 
T average holding time 

,,\:= ~ A (AI--tyr;.III_i) A.z = ~N- i) 
where A is the total calling rate on the multi
ple and if the loss is low, the carried traffic 
will be 

The m0Qel presented will refer only to network 
where K ~ L, since the cases with K < Limply 
straightforward modification of the formulae. 
The blocking probability is 

L-4 

C fCt} f (S/.\',),) 
y-:k-)< 

whe:>:>p "( and y are the link-occupancy states with 
probabilityP(x) and p(y), between the 1st and 
2nd stage and between the 2nd and 3rd stage, 
respectively. 
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P(B/x,y) is the conditional probability of loss 
given the states x,y. 
This formula will be extended, distinguishing 
between the cases : 

- calls on different groups (Fig. 2a). 

o • 
x 

• • 

• • 
y 

j 

• 
Fig. 2a 

Since the network considered is simmetrical, the 
link-occupancies are characterised by the valu
es x and y. The P\B/x,y) must however take into 
account of the cases when either of the two con
nections is not available. Considering initially 
only the go-path, the distribution of link-occu
pancies t between the input. and the output multi
ple is 

( 
yY'I) (-i )~ (N -I )m- t R (t I m , N) = t \1V /;v 

The remalnlng K-t pOSitions will contain respecti 
vely K-x and K-y available links.If s is the -
compatibily of these links, assuming random search 
t~e distribution of the available links will be 
hyPergeometric 

Is (~-t:/K-x, k- 't) -
('<-X) I x-t ) 

s \K-y-5 

( K - t) 
\ k- 't 

The term s = 0 will correspond to the loss proba
bility for the go-path. 
Let us define 

1-..-,/- ~ 

Q (x, '1) = L R (t, m,N) To (K-C, K-X,K-1) 
t'=o 
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since it is necessary to effect two distinct si- ~ 
multaneus paths each with loss probability given 
by Q, it follows that: 

Thus the total loss probability is given by: 

B= 

1..- f 

1 c (x) L-' 

L - of 

L LI._,(Y) f(a/x,y) 
'1= 1(-)( 

- calls falling on the same switch (Fig. 2b). 

o o 
z -z 

Fig. 2b 

Whereas in the previous case two routes were re
quired of the K available ones, from the relati
ve link matrices, in this case two routes are 
required on the same K positions.This comports 
the following modification (for K even ) 

·11-1< 

P (8/1) :: L R (t, ~,N) [ro (K-t,k-l, k-Z) + I1 tl(-t,K-l, I<-~)] 
f"=o 
~vel') 

where R is normalized selection of even states 

The state of the system is now given by the 
occupancies z of the single multiple 

B= 

ITC-9 

~ 

1iJ 

1cf 

10fJ 

-:..e 
11) 

1rf 

1~ 

ttf 

1fI~ 

tOe 

T. 

..-~ ~ 
~ 

\ V / 

ff V -

~ V 
V V H ... V ./ 

...,. V~ ./ 
V 

V 
", 

W / 
V 

V 
V 

L·64 

L Kc 64 

V N= 18 -t--

I I I 
-I""-

offered traff. for inlet 

1 1 I I -=r=-

0.6 0.66 0.8 

Fi g . 3 

T 8 

Ca) 
~ 

~ ~ 
".,..... -V 

r V I-""" 

V Cb) V 
~ 

,/ 
.A V 

V V ~V 1 

V 
V~ 

T'/ 
V 

V r 
V 

/' 

/V L. 84 
K.72 

~ N= 18 -r.--

I I I 
-t--

offered traff. for inlet 

1 I 1" j --=r=--
0.58 0.63 0.68 

:.r i g . 11-

a) Loss for calls on the same switch 
b) Loss for calls on different switcheg 

(simulation 95% confidence) 

GALLASSI-3 

loo-



The results obtained using this model, are compa- 10
1 

red in Fig. 3 and in Fig. 4 with those obtained 
by simulation. 

ROUTE SELECTION 

The theoretical model developed above, assumes 
independence in the route selection of the 
go-path and the ret u rn-path. In practice , it is 
usually convenient to implement a route selection 
relating the two paths together. The validity of 
these methods is based on the simmetry of occupa
tions when a sistematic routing is effected. 
Thus for any free path in the network an associa
·ted · complementary connection will be available. 

Two possible routing strategies of this type will 
be considered and their influence on the grade
of-service is evaluated. 

- If the call falls on different groups the two 
paths will employ the same second-st8~e matrix 
random selected. 
If the call falls on the same group the path 
will be random chosen separately from the 
available links. 

This method will induce a simmetrical link-occu
pancy, thus by a reasoning analogous to that of 
C10s [3] , the calls arriving on the same group 
will not incur congesti.on when K ~L. 
The grade of service of the network when this 
rule is adopted is shown in Fig. 5 • 

Two distinct but related 2nd-stage groups are 
chosen at random and are em~loyed sistematical-
1y for the " go " and " ret urn " paths. 

This rule ensures that all the calls will be 
treated in the same manner whether they fall on 
the same ' group or not. 

The object of these routing policies is to simp1i 
fy the call connections set up; they also favour 
a compatibility in available links which results 
in a redU~tion of congestion compared with the 
unrelated selection policy. 
On the other hand, these rules are difficult to 
implement when a different traffic, requiring 
only one connection, is also present in the 
network. 

CONCLUSIONS 

A com: .binatorial model has been developed, to 
determine the internal congestion of three-stage 
digital networks, when each call attempt requires 
two simultaneus connection routes. 

Some practical path-selection techniques are also 
examined and compared, by means of simulation. 
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Simulation Results 

a) unrelated selections 

b) simmetrical occupru~cy 
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