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ABSTRACT 

In a terminal exchange, a time division network 
connects its own subscribers together, and also 
connects them with hea.vily loaopd ·ncominp- Rnn 
outgoing ~unctions • 
A traffic measurement comnaip-n man e b~r si.mulp..t
ion has enabled the determination of the traffic 
handlinp-; canaci tv of the system and the defini t 
ion of design criteria leading to dimensioning 
curves. 
A mathematical model is presented to calculate 
the blocking probability in order to effect a 
preliminary, systematic study. 

INTRODUCTION 

The problem of connecting subscriber areas in a 
modern telecommunication network may be resolved 
hy introducing autonomous terminal exchanges. 
Groups of terminal exchan~es will be associated 
with a transit exchange , and connected to it 
with two -way ~unctions consti~lting a star-net
work without transversal connections. 
Each terminal exchange has only one incoming and 
out~oin~ direction and realises three tynes of 
connections: 

between two of its own subscribers 
(internal traffic) 
between a subscriber and a junction 
(outgoing traffic) 
between a junction and a subscriber 
(incoming traffic). 

The fundamental problem arising in system desi~. 
is to optimize the costs of the terminal ex
chan~es in terms of the traffic narameters and 
the construction constraints. The technical
economical criterion for optimization is 
essentially expressed by the decomposition of the 
blocking probability into the following factors: 

Be loss ·probabili ty due to congestion in 
the ~oup of junctions 

Bi loss probability due to congestion in 
the connecting network 

loss probability due to subscribers' 
impatience (caused by excessive dial 
tone delay). 

The above factors should be considered both for 
incoming and outgoing traffic, and in particular 
the interest will be focused on the balancing of 
these factors. 

A preliminary study has been effected on the 
influence that some of the system parameters 
have on the three loss factors. 
For a narticular system, given a value of the 
total loss, i.e. the sum of Be Bi Bw, design 
curves have been determined whic,h give the number 
of junctions, required by the trunk-group, as a 
function of the number of subscribers connected 
to the exchange. 
The design curves emphasize a maximum number of 
subscribers which may be connected to the ex
change. 

The results have been obtained by means of a 
simulation urogram, written in Simula language. 
The simulation program gives information on the 
losses, on the occupation distributions and on 
the waiting time distribution. 
Starting from th~ simulation results a semi-em
pirical mathematical model, which compares 
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favourably with the measurements, has been devel 
oped. 

SYSTEM DESCRIPTION 

A certain number of nrimary hi~hways are connect 
ed to two parallel, secondary highways. 
The Ns subscribers and the Ng .junctions are sub
divided into groups, Nsg subscribers and Ngg 
~unctions respectively. 
F.ach of these ~oups are connected to a primary 
highway. 
The transmission is in Pulse Amplitude Modulat
ion and the time frame is divided into Nf slots. 
A call between two subscribers which are connec! 
ed to two primary highways, is set-up via a sec
ondary highway. 

The traffic generated by each subscriber is As 
and the ratio between outgoing and generated 
traffic is R. It is assumed that the incomin~ 
traffic is equal to the out~oing traffic. 
The state of connections for the subscriber term 
inations and the junctions is revealed by a. 
cyc 1 ic scan. 
When a subscriber lifts the receiver, and its 
presence is recognised, it is attempted to 
connect it to the r.ommon control devices. 
The connection is effected through a time slot 
which is not occupied by the other subscribers 
of the same group containing the calling sub
scriber, and the correspondin~ available time 
slot on a highway; this is done in order to 
obviate cross talk interference. 
The search is effected simultaneously on the two 
highways and an available time slot is chosen a.t 
random. 
The time slot is engaged by writing the calling 
subscriber's address in the corresponding cell 
of the cyclic memory. 
If the connection is not possible at the first 
instance, it is attemnted in the following scan; 
the calling subscriber can attend. 

, When this connection is set up, the subscriber 
receives the exchange-tone and can start dial
lin~. 

Once the subscriber has dialled, an attempt is 
made to set up the cal l through the network. 
If the call is towards the outgoing trunk-group 
an available junction is chosen at random. 
The call connection is effected via that second
ary highway, which has been already assigned to 
the calling subscriber, and on the time slots 
which are simultaneously avai lable on the groups 
relative to the called and ca11ing subscribers 
and the secondary highway. 
If the cal l cannot be comnleted usin~ the phase 
assigned to the subscri ber, the suc~essive 
phases in the frame are scanned. 
If another phase satisfYing the reauired condtt
ions is identified, the cal ling subscriber's 
address is shifted to the new cell of the cyclic 
memory; when no such phase is located, a busy
tone i s sent to the calling subscriber. 

MATHF.MATICAL MODEl, ( 4) (')) - ----_._ --.. ._ --

Internal congestion is due to the comnosit i on of' 
the two followin~ events: 

i) the phase aSSigned to the calling subscriber 
cannot be utilised in settin~ up the call. 
This occurs when the corresponding phase on 
the other secondary highway is used by a 
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subscriber in the same group containing the 
called subscriber. 
The probability Q1 of this event is given by 

Q, ={ :?C i. P (i )} INf 

Where P(i) is the probability of having i 
occupations in the called group of N ele
ments (subs. or junctions). 

(1) 

There are no available phases in the relative 
frame • 
. Assuming Psg(i) and Pgg(i) to be the prob
ability of having i occupations in the call
ing and cailed groups and Pb(i) the probab
ility of having i occupations in a highway, 
the probability, Q2 of this event is given by 

(2) 

The above expression is valid if it is assum
ed' that distributions Psg Pgg Ph are indepen£ 
ent (uncorrelated) and the phases are occu-
pied at random. (6) -
The distribution Psg(i) is given by Engset's 
formula; traffic offered by Nsg sources to a 
full-avaiability trunk ~roup of Nf channels: 

Where C0 is the traffic offered per source 
when the source ,is free. (7) 
The distributionsPgg(i) of a group of Ngg 
junctions is 

Where P~ is the occupancy distribution on the 
trunk-~rou:n with Np.- .iunctions. ' 
Simulation results indicate that the distri
bution Pg { ,;) can be approximated by an Engset 
distribution corres~ondin~ to Nseq sources, 
where Nseq is a function of Ng • 

Nstq 

Ns -+-___ -"\ 

2' Nf 

Nlim 2'Nf 
Ng 

Equivalent number of sources offeri ng 
traffic to the trunk-groun. 
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The simplest function which approximates Nseq 
is shown in fig. 1. 

The total number of possible occu~ancies nn the 
trunk-groun is .g-iven by the number 2 ·Nf of chan
nels available in the switching network; when 
the iunctions exceed t~at number, it is Be=O and 
this exnlains the decrement of the value of Nseq 
tr 2.Nf with increasing Ng • 
The value Nlim is .the number of ~unctions of the 
trunk-~roup which gives a value of Be comnarable 
with the value of Bi. 
The value Nlim, as shown by analysis of simul
'ation results, is approximated by the number of 
channels in a full-availability group to which 
is offered a traffi.c Atot "Ni th a loss equal to 
the loss wheTl Atot/2 is offered to a full-avail
ability group of Nf junctions . 
Atot is the total traffic offered to the ex
change: Atot=As·Ns·(1+R) • 
Analogously for a given loss value it is poss
ible to define a critical value of traffic Alim. 
Alim is the value defined by a random traffic 
Aliml2 giving the said loss when offered to a 
full availability group of Nf junctions. 

The distribution Ph(i) on the secondary highway 
denends on the composition of different traffics 
offered by sources with waiting facility, and 
served on a priority basis (the scan period for 
the junctions is less than the scan period for 
the subscribers). 
To calculate the distribution Ph(i) which apnro~ 
imates the distributi.on measured by simulation , 
we start by calculating the distribution Pe(j) 
of the occupations on the 2.Nf channels of the 
connecting network determined by the composition 
of incoming, outgoing and internal traffic. (5) 

i ( 1 2.Nf-.i 
Pe(i) = ~ Pg ( j) Ai-j/(i-j)!J / ~ Ak/k! 

Where A=As ·Ns ·(1-R) is the total internal traffic 
In the above expression it is assumed that 
internal traffic is carried by .those channels 
left available by the incoming and outgoing 
traffic. 
The distribution Ph(i) is then determined from 
Pe(i) and the hypergeometric distribution like 
in eq. (4). 
In fig. 2 the measured values and theoretical 
results for the distributions Ph(i) are shown. 

The high value of Ph(Nf ) in the measured distri
bution is caused by the waiting facility of the 
sources and this is not taken into account in 
our model. 

The internal congestion probability is given by 

(6) 

and will, in general, be dffferent for the three 
types of traffic. 
The conge'stion probability of the trunk-group is 

and assuming unlimited '".'ait·lng facility , since 
Bw = 0 then 

(8) 

Fig. 3 shows clearly how Be tends to zero and Bi 
tends to a Limiting value as Ng increases 
towards the value 2.Nf. 
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Fig. 3 Internal blocking, trunk-p,roup blocking 
and total loss for outgoing traffic. 
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The delay probability is annroximated by the 
value of P p-(Nf') ,nrobabil i t~T that al l the 
channels of a hip,hwav are busy. 
In fi~. 4 the plot of the measured di stribution 
of waitinR time for incominR calls (lower values) 
and outgoing and internal calls (higher values) 
is nresented. 
The scan time for junctions is 1/1 the scan time 
for subscrtbers: this defines a nriority service 
~Jle for waitin~ calls and causes the difference 
between the two distributions. 
Further study is needed to account for these 
effects. 
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Fi~. 4 Distribution of waiting time for incom
ing calls (iunct.) and outgoing and 
internal. calls (subs.). 

RESULTS 

A fundamental feature of the system is clearly 
shown in fig. 5: the internal congestion is 
mainly a function of the total carried traffic 
of the two hi~hways, and is only relatively 
denendent on the ~eneraten traffi c ner source 
As and the ratio R of the out~oing traffic. 

The dotted lines connect those points correspond
ing to equal values of total carried traffic Ac; 
the traffic Ac is calculated with the formula: 

(9) 

In fig. 5 the number Ng of junctions is varied 
'so as to gi.ve for the traffic offered to the 
trunk-~roun (incoming traffic + outgoing traffic) 
a fixed value of the loss calculated with the 
'ErlanlT,'s 'B formula. 

The internal ('C'nl,.p.~ti.0n also depends on the way 
,that the subscribers and ~unctions are grouned. 
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Fig. 5 Internal blocking probability. 
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In fig. 6 are presented the values of i ntp.rnal 
congestion, obtained by simulation, re l at i.ve to 
internal and outgoing traffic in a case where 
the number of junctions ner P.'rou~ N,r:lr ; s kr>nt 
constant and the number of subscriber N8~ npr 
group is varied. The internal congestion for 
incoming calls depends on the variation of the 
traffic carried by a group of subscribers whi ch 
influences the factor Q1 a~pearin~ in expression 
(7) of the congestion. 
Factor Q2 varies only in a relative manner, and 
is responsible for the bending of the curve of 
congestion for outgoing calls. 

The exposed results and an ade~Jate set of simu! 
ation runs have shown how the two foundamental 
system parameters varies being functional l v 
related. 
The two parameters are: 

the number of subscribers whi.ch can bp connect 
ed to a terminal exchange 

- the number of junctions required to ensure to 
these subscribers a given grade of service. 

The main feature of the above functional relat
ion is the existence of a maximum number of sub
scribers which can be connected to the exchange, 
for any given number of junctions of the trunk
group. 

Dimensioning curves giving the number of sub
scribers which can be connected to a terminal 
exchange, and the number of junction required 
to ensure a given grade of service have been 
determined. 
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The values of Nse; and N~g are chosen so that 
losses for incoming and out~oin~ traffic are 
eaual. 

Tn the case whp.re the traffic carri.ed bv the 
system is small and the internal con~e stion is 
ne~li .c;;ible, the number of iunctions required ner 
trunk-~rou~ nractically coincides wi.th the value 
given by F.rlan~'s B formula. 
As the number of subscribers increases and the 
offered traffic tends to Alim the internal con
gestion becomes significant. 
In order to maintain constant the total congest
ion, the value of Be is to be reduced by increas
ing the number of ~unctions; the curve will then 
no longer approximate the values given by a full 
availability grou~. 
When the carried traffic reaches a value which 
induces Bi to equal the given total congestion, 
then any increase of Ng will be insignificant. 
At this point the dimensioning curves have a 
vertical asymptote which defines the up~er limit 
for the number of subscribers terminations. 

If the waiting facility is limited by a value Tw 
then Bw~O; Be however diminishes and consequently 
the total congestion remains invaried. 

C ONC LUS 1 ONS ------
In this naper in connection with the analysis of 
the traffic carrying canacity of a terminal 
~.D.M. the following facts have been made clear: 

1) the grade of service is mainly a function of 
the total carried traffic 

2) there is a maximum number of subscribers which 
may be connected. 

The main results have been obtained by simUlat
ion. 
In order to obtain a tool useful for broader 
analysis of system performance, a semi-empirical 
mathematical model has been developed which gives 
better understanding of the influence of system 
parameters on grade of service. 
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