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ABSTRACT ' 

The object of this paper is to apply some recent results 
in Queueing Theory and Queueing Networks to a unified 
approximate model of An Automatic Conventional Telephone 
Exchange of the type L.M. Ericsson ARM 20. This model 
can lead to explicit expressions for most of the 
parameters of interest to Traffic Engineers concerned 
with traffic flow and exchange configuration in Telephone 
Networks, although these expressions may become rapidly 
rather complex. 

We specially turn our attention to the Via-Markers 
average holding-time, to the Registers average holding
time, as well as to the Probability of Time-Out at the 
Code-Senders. No account is taken of eventual Blocking 
at the outgoing Trunks, neither will any effort be made 
to Rationally incorporate The Probability of Blocking 
in The Link System into the model. 

Different Traffic Streams compose the Total Incoming 
Traffic, each of these streams having full access -to a 
set of Registers that it does not share with any other 
stream. These different traffics are mixed in the 
Exchange at the Via-Marker level, and are directed to one 
of three possible Destinations: 'The Local Exchange, The 
Rural Area that the modelled exchange monitors, and 
other Interurban Exchanges. 

1. INTRODUCTION 

Conventional Telephone Exchanges may, under high traffic 
Load, give rise to statistical phenomenas in some ways 
similar to those known as "Thrashing" in large scale 
multiprogrammed computer-systems, as described by 
A. Brandwajn (Ref. 1). The effect of such phenomenas is, 
in well tuned exchanges, a stagnation of the throughput 
typically at a level below the maximum capacity, and in 
poorly tuned exchanges, a serious degradation of· the 
average carried traffic. 

With the exception of the work of R.L. Franks and R.W. 
Rishel (Ref. 6), dealing with a (limited) network and 
nevertheless involving a prohibitive large number of 
variables, these problems do not seem so far to have been 
satisfactorily analyzed. It should be remembered that in 
general, a call in transit through the exchange still 
occupies the devices in the stages already passed, thus 
forming a path which is kept occupied for the full 
duration of the call set-up in that exchange. Hence, the 
analogy with queues in series, where calls leaving a 
queue are just passing to the next one after being served 
is not exact anymore. E. Skogan (Ref. 9) recently studied 
two queues in series, the first one having a holding-
time sum of the service-time in the first queue and of 
the time required to await service in the second queue, 
both queues being supervised by means of time-out constants 
all results applied having been already published at the 
8th Teletraffic Congress by B. Wallstr~m (Ref. 5). 
However, no analytical solution was presented because of 
the non-linearity of the system of equations representing 
the queues. 

The situation where some calls in a queue, formed in the 
order of arrival, leave the queue without being served, 
called early ?epartures, was already investigated by 
C. Palm (1957) but has not since received much attention 
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although it .is quite typical for Telephone Devices. In 
fact, these studies are of primary importance to traffic 
engineers, as they may in some way, influence the 
dimensioning process: Clearly, traffic should not transit 
through areas of the telephone network where exchange 
overload conditions are prevailing. In strictly hierarchical 
net~·Tor~s, Ne ex;.>ect overloaCl. con~i tions to be !!lOst 
sensitive in transit exchanges of highest level. 

The essential difficulty in the study of the interconnection 
between stages, or groups of channels at the same stage, 
is the problem of superposition of two or more stochastic 
processes representing the flow of calls, and the related 
problem of division into sub-flows out of a particular 
stage. The rather vague term of smoothing is commonly 
used to refer to the modification of call distribution 
when calls pass through the different stages: It is 
intuitively easy to understand what is meant thereby, but 
the task of quantifying this concept is indeed very 
arduous. Brief remarks on the relationship between two 
consecutive stages were already made by Molina (1922), 
and more recently, P. Le Gall (1957) discussed the 
approxim~tion when the effect of dependence is neglected. 

On the other hand, as pointed out by R. Syski (1960) 
(Ref. 7), the effect of non-coincidence of busy hours 
observed in practice may hav~ its origin in the interaction 
of relevant congestion processes, and in fact if traffic 
is regarded as a time series, then the sum of the maxima 
of traffics on each partial group seems always to be 
larger than the maximum of the sum of these traffics, i . e . 
the busy hour traffic of the group is smaller than the 
sum of the busy hour traffics of the partial groups . 

Section 2 of the paper contains a brief description of 
the structure and operating characteristics of a 
conventional exchange of the modelled type . Section 3 
deals with a simplified model of the exchange used to 
determine the average r,egister holding-time, that in 
turn may be used to approximate the behaviour of the 
exchange as a whole (this will not be reported here) . 
In section 4, a similar model is developped to get the 
average holding-time of the via-markers , which is a key
parameter in the solution of the model outlined in 
section 3. Finally, some numerical results are presented 
for the via-markers, the registers, and the code-senders. 

2. STRUCTURE OF A CONVENTIONAL EXCHANGE . -

The function of a telephone exchange is in some sense 
double: 

- Concentration, and 
- Selection. 

To accomplish this double-sided function, the exchange 
is organized in a set of device groups with a predefined 
hierarchy, each of these groups being specialized to 
perform a given task. 

As calls circulate through the exchange, devices are 
allocated and released according to a well defined 
scheme. The different functions are monitored and 
supervised by highly sophisticated devices, the registers, 
the via-markers, and the markers that are responsible 
of the final linking between the incoming trunk the 
called entered the exchange through, and the outgoing 
trunk it will proceed on (Fig. 1) 
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Fig. 1_ The exchange as a whole 
(functional diagram) 

A call se~z~ng an incoming trunk to a transit exchange 
will typically immediately attempt seizing a register, 
which has the function of receiving the dialed digits 
(note that truely speaking, these digits may come from 
another register), in order to find a path through the 
exchange and then an available outgoing trunk to the 
called subscriber. If the c~ll fails seizing a register 
immediately, it is allowed to wait for a given period of 
time after what it is rejected. 

Because of signalling problems and different dialing 
rates, we find several types of registers, that may be 
categorized as follows: 

- Rural registers (REG-E), located at the main 
exchange of each rural area, slow devices 
designed to fit the relatively low dialing 
rate of a subscriber. (A rural area ranges 
typically from a thousand to two thousands 
subscribers) 

- Local registers (REG-H), also located at the 
main exchange, but receiving their digits 
from REG-E like devices to route them out 
of the exchange. These registers are used 
in connection with urban areas of limited 
size (typically about two thousands 
subscribers). Their operating rate is 
higher than for rural registers. 

- Code receivers (KMR), still located at the main 
exchange, typically unable to transit calls 
and operating as interface for calls which 
destination is either the local exchange 
or one of the rural exchanges of the area. 
As these devices receive their digits from 
other registers, and not from subscribers, 
their operating rate is high. 

In each case, the register or the code-receiver passes 
the incoming call to a Via-Marker (VM), responsible of 
supervising the selection phase, that is, finding an idle 
outgoing trunk and linking it to the incoming trunk. The 
selection of the outgoing trunk is performed by a so
called Test-Block (TB), and the linking by a Marker (M). 

As soon as the marker has performed its function, the 
via-marker is released thereby becoming available for any 
other call, and the register calls for a code-sender to 
send the dialed digits to the next exchange on the route, 
unless the call in question is destinated to either the 
local exchange or one of the rural exchanges. 

At each of these stages, a call finding all devices busy 
will be allowed to wait for up to a maximum delay, the 
time-out delay of that stage. Upon rejection, all devices 
allocated to the call up to that point will be released. 
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3. THE REGISTER-MODEL 

Consider the network of Fig. 2. It consists of eight 
service stations, serving three classes of calls. Stations 
7 and 8 are common to all calls, whereas only calls of 
type 1 (resp. 2 and 3) may circulate through station 1 
(resp. 3 and 5). 

The stations at the left-hand side of the network are 
thought to be register-finders: a call exiting the register 
-finder queue will be delayed for a given period of time 
which is exponentially distributed (this time being either 
the dialing-rate or the receiving-rate), after what the 
call is directed to station 7, the via-marke~s where the 
service-time is also assumed to be exponentially distributed 
about a mean which determination is the object of section 4. 

Calls that cannot be handled immediately by the via-markers 
must wait up to a given time, after what they are rejected 
and returned to their respective register-finder queue. 
If the call is successfully handled by the via-markers 
(either fully processed or rejected internally as a result 
of time-out at the test-blocks, no idle outgoing trunk, 
or time-out at the markers), it proceeds to the code-sender 
queue with probability p if it was a class-3 call, else 
it is directly returned to its register-finder queue. 
For those calls proceeding to the code-sender queue, the 
same concept of time-out is valid in the queue. 

Service-time at all stations is, as mentionned above, 
exponentially distributed and the queue discipline is First
Come-First-Served. The requirement of exponentially 
distributed service-time at the register-station is not 
quite essential as long as it has a rational Laplace
transform. and the validity of the presented model is not 
affected in that case. Under these assumptions, the model 
has a solution as described by Ref. 2. 

As mentioned above, calls travel through the network 
without changing class-membership accordi?~)to a transition
probability matrix [P

ij
] which elements Pij are the 

probability that a call leaving station i will direct itself 
to station j. These transition probabilities for the three 
call classes are: 

(1) -1 (1)-0 
P12 - Pli -

P2
( 71 ) = 1 , p ( 1) -0 

2i -

(1)-0 
Pij -

(1)-1 (1) 
P71 - , P7i =0 

(i;i2) 

(i;t!7) 

(i=3, .. ,6 and j==, .. ,8) 

(i;el) 

f. ex for class-l calls. They are identical for class-2 
and class-3 calls, with the exception for calls of class 3 
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of the transition-probabilities p~i) and P~~)WhiCh are 

given by the fomlowing expressions: 

As pointed out in Ref.2, the Markov-chain described by P 
is decomposable into three ergodic{~~chains that may be 
solved isolated with respect to (p ). The key-point is 
to find the average no. of visits at the service-centers 
for each class of call, what is done by solving the three 
linear systems 

(k=1,2,3) 

(2) 
where 

These equations do not uniquely define the A .. but rather 
determine their relative values within a multIplicative 
constant. 

Under these conditions, the steady state probabilities of 
finding the network in state 

s = (nl, ... ,n6,n71,n72,n73,nSl,nS2,nS3) 

are given by: 

where there are Nl first-class calls, N2 second-class 
calls, and N3 third-class calls in the network: The 
functions Si(n) being defined as 

S . en) 
~ 

n! i=2,4,6 

S. en) n! n<r. (4) 
~ ~ 

i~2,4,6 
S . en) n! r~-q n>r. 
~ ~ ~ 

r. being the number of active devices at the station under 
c~nsideration. The N. are of course less or equal to the 
number of registers ~ssociated with the corresponding 
call-class. We may evaluate the marginal probability 
distribution of the total number of calls at the VM-
and at the code-sender stations, by summing the pes) over 
all values of ~i and 6Si (i=1,2,3), leading to: 

S 6ni 

p{s')= 1 n i 
H{Nl ,N2 ,N3 ) i=l Si (nil 

3 
where 6 . = L 6.. (i=7,S) 

~ j=l ~J 

(S) 

The function H{NliN2,N3) ensuring that all probabilities 
sum to one. From these stationary probabilities, a lot of 
traffic parameters may be deduced to evaluate the 
performance characteristics of the exchange and its devices. 
However, in order to get an overall picture of the 
exchange capacity, one needs to evaluate: 

- the average register holding-time, 
- the average via-marker holding-time. 

To approximate the average register holding-time, assuming 
that the average VM holding-time is known, we proceed as 
follows: Suppose N

1
,N2 and N3 become simultaneously 

unbounded. Since tne system of equations (2) does not 
contain N ,N2 and N3 ' the 6 . /r. are independant of the 
total nu~er of calls in the~ne€work. Consider the function 

S e. ni S 6~i 6nl 
(N ) L n --~- = L [n __ ~_][ __ l_] 

H 1,N2 ,N3 = (S) i=l Si{ni ) (S) i=2Si{ni ) Sl(nl ) 

choosing as first station the one for which 6/r is the 
highest and the normalization such as x l =6 l /rl =1, we have 

nl rl 
61 , rl 

Sl{n
l

) - r
l

! 

Let now S 
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Equation (S) and the fact that 
p{S)~ for any state for which 

that 

if P. (n . ) denotes the marginal probability distribution of 
the AumSer of calls at the i-th stage, then 

(6) 

S 
peS) n Pi{ni ) where 

i=2 

K. 
~ 

and 

Note that 6
i 

could be choosen directly through the relation 
P. (1) 

6 . 
~ 

~ 

p . (O) 
~ 

however, in order to m~n~m~ze the effect of eventual distorsions 
in the stationary probabilities when N

1
,N

2
, and N3 are 

bounded, e. should rather be found as Ehe solution of the 
equation ~ 

r· -1 j 
P. (O) [~L 6 i + 
~ j=O j! 

6~i N e . j 
~ L [2.] 

r. ! j=O r. 
~ ~ 

1 (7) 

This equation may easily be solved iterativ.ely. 'on a computer. 
We now approximate the marginal probabilities by the 
expressions (6) and are looking for the distribution of 
waiting-time (queue-time) at the different stations where the 
number of devices is less than the number of calls that 
may be found awaiting service. Let us consider one of the 
stations (we drop further on the index i used to designate 
the station): 

Prob{new call 
N 

queues) =Y{= L 
i=r 

= 0 

and similarly we get, 

N>r 

N>r 

{ 

k x-l 
Prob{queue size=k/new call queues) == x 

xN-r+l_l (9) 
o 

the probability that an arriving call need not queue is 
obviously given by 

r-l 
w(O) = L 

i=O 
(10) 

Moreover, a call finding k~ r in the queue will have to 
wait until k-r+l of the calls ahead of it depart before it 
may enter service (recall that the queue discipline is 
First-Come-First-Served). The interdeparture times during 
the wait must thus be exponentially distributed with the 
parameter ~r, and then the waiting-time of the call must 
be a (k-r+l)-stage Erlangian dis tribution. Le t 
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Prob(w~y/call finds k calls in the queue) = 

y k-r k-r -~rz 
lie _ (~r(~rz) x e dz 

- J 0 (k-r)! 

and, removing the condition on the nummber of calls found 
in the queue upon the arrival of a new call, we get the 
unconditionnal distribution of waiting-time as 

W(y) = Prob(w~y) 
r 

W (0) +P (O).L 
r! 

N k-r 
L x Ik 

k=r 

-~r(l-e)y 
~ 1 - Y.e (11) 

where E is an appropriately choosen parameter which makes 
the limiting distribution (11) approximate the limited 
queue at the station by an infinite queue giving rise to 
the same probability of queueing 1', that is, E has to be 
found as the solution of the equation 

l' = E2 ,r(E) (12) 

where E2 (E) is Erlang's second formula representing the 
delay pr65ability in a system without early departure 
(called from now on the free case). The exact mean· waiting
time in the queue is easily evaluated to be 

P(O) er N k-r 
-- - L (k-r+l) x 
~r r ·! k=r 

(13) 

r N-r+2 N-r+l 
= P(O) ~ [(N-r+l)x . -(N-r+2)x +1] 

~r r. (1_x)2 

That means that in general, when N«+OO, the distribution 
(11) will not respect the exact mean waiting-time in the 
queue, but the error may easily be evaluated if the results 
are to be corrected. In this case, a better ·expression 
for E could be 

x+(N_r)xN-r+2_(N_r+l)XN-r+l 
E = (14) 

(N_r+l)xN-r+2_(N_r+2)xN-r+l+l 

and we note that in this case, E + x when x<l, as it 
should when N is large. Thus we expect the results above 
to give a good approximation when N becomes unbounded 
irrespective of x, and when x<l if N«+oo. 

The relations (7), (11), (12) and (13) are in fact 
attractive because of their simplicity, although they 
only approximate the behaviour of the stations in the 
network. Specially, the distribution (11) provides with 
an easy mean of getting the probability of time-out and 
the mean waiting-time in ·:the case where calls waiting 
more than a given delay in the station queue are rejected 
(Ref. 4) 

Let W' (y) = 1 - W(y) 
time-out. Let also 

Prob(w>y) in the case without 

Prob(w>y) = Wt(y) 
w' (y) - X.W' (T) 

1 - x.W' (T) 

= 0 

(15) 

y>T 

T being the maximum allowed waiting-time in the queue, 
and X the probability of finding at least one call in 
the queue, given that this arriving call has to wait: i.e. 

L P(r+j) 

X .:!...j =.....:1'----.,-_ = e: 
E2 ,r(E) 

(16) 

in the Erlang case. Once again, 
value of this probability is 

we observe that the exact 

X 

N-r er k 

k:l ptO) ·rT· x 

N-r 
L 

k=O 

er k 
P(o) .---,. x r. 

which has x as limit when N-+<>o if x<l. as it should, 

(17) 

showing that when N becomes large, both e: and X have to 
be choosen equal to x. However, it can be shown that when 
N«+OO, the distribution (15) where e: and X are given by 
(14) and (17) is in general such that there exists an N'>O 
for which 
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which is obviously absurd. The reason of this lac·k of 
accuracy is the approximation made in order to obtain the 
more manageable distribution (11) where a finite series 
is approximated by an infinite one. 

Finally, we obtain the abeit complex expression for the 
probability of time-out at the station, as 

-~r(l-e:)T 
(l-X) ._1'..:-... e _____ _ 

l_x.y.e-~r(l-E)T 
T = (18) 

The average waiting-time in :the queue (queueing-time) is 
now easily calculated by direct integration of the 
distribution (15), leading to 

nr(l-e:) [ __ 1 __ _ 

1 
-~r(l- E )T· ~r(l-e:) 

-x.y.e 

[ T + __ 1_] ] (19) 
~r(l-e:) 

That is, the average waiting-time in the queue at the 
station, lies in the range 0 (for T=O) to ~ (for 

~r(l-e:) 

T+oo), intuitively clear. The feature of time-out at the 
different device stations provides indeed with simple way 
of adjusting the mean holding-time of common organs. 
Knowing the probabilities of time-out at the different 
stages, their respective average queueing-time, one is now 
able to describe the average holding-t~me for each register
type, when the exchange is simultaneously processing 
(N

l
,N

2
,N

3
) calls of the three classes, i.e. 

hl (N
l 

,N
2 

,N
3

) w(2)+!. + 
1 ~2 

w(2) 
7 11 

h
2

(N
l

,N
2

,N
3

) w.(2) + !. + w(2) (20) 
J ~4 7 

h
3

(N
l

,N
2

,N
3

) = W(2)+ !. + w(2)+ W(2) 

5 ~6 7 P 8 

The average ·probability for a call of any of the three 
classes to br rejected under processing by the registers 
when there are (N

l
,N

2
,N

3
) calls in the exchange may 

similarly be approximated by 

(21) 

T3 (Nl ,N2 ,N3 ) = T7+Tv(1-T7)+p[1-T7-Tv(l-T7 ) ] T8 

Recall that in order for the equations (5) to be valid, the 
transition probabilities have to be state-independant, 
what they obviously are not for the VM-queue. However, the 
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probability of being rejected by the via-marker station 
(i.e. either rejected by the test-blocks, or by the markers) 
may with a good approximation, be choosen independantly of 
the number of calls in service as 

, 
v 

V 
L q. 

i=l ~ 

(v) ,. 
~ 

(22) 

where qi i~ the proQ~ility of finding i calls b1~?g 
processed ~n the stat~on in the free case, and ' . the 
average probability of rejection when there are ~i calls 
under service at the station. (it should be mentionned here 
that in prac~~ce, this probability is in the order of 
magnitude 10 , so in many applications, it will be wise 
to neglect ,). 

Some other facts may influence the results presented here, 
for example the so called CPH control equipment: It is a 
device designed to supervise the malfunctionning of the 
via-markers and to display any failure type that may occur 
under the processing of a call, including call rejection. 
However, this equipment is rather slow and it holds the 
via-marker busy as long as the typewriter is on, which 
means that, if the probability of time-out at, say the 
markers, is not negligible, then the via-marker average 
holding-time could increase catastrophically, not as a 
result of traffic-load, but as a result of maintenance 
equipments. 

This is clearly a serious disadvantage for this type of 
device, as it should be remembered that the typical CPH 
holding-time lies in the range of a few seconds (some 
even up to 14 sec. !) 
The 1mpact of such devices on traffic-carrying organs will 
not be further emphasized here. 

A last remark is that, as long as one is only interested 
in an approximate solution, once the probability of time
out in the VM-queue 'has been determined, one does not need 
to rewrite the whole set of equations (2) in order to solve 
for the probability of time-out at the code-senders. 
In fact, the set of equations (10) to (19) still holds with 
an appropriate choice of 8s : 8 being the average number 
of visits at the code-sender s~ation, it is reasonable to 

. change 8 S into 8 S'7+8S'v(1-'7)' '7 and 'v being the 

probability of time-out in the VM-queue and the probability 
of rejection under processing by the via-markers. 

4. THE VIA-MARKER MODEL AND SOME NUMERICAL RESULTS. 

Consider now the network depicted in Fig. 3. It is similar 
to the one presented in section 3 with the difference that 
there is no call-class distinction, thereby making the 
solution a bit more simple. 

The approach described in section 3 remains valid and the 
set of equations (10) to (19) may be used, giving the 
average waiting-time and the probability of time-out at 
the test-blocks, and at the Markers, when. there are 1,2, .. 
. ,V calls under processing (V being the number of via
markers) 

The average via-marker holding-time and probability of 
rejection under service are the given by 

~7 (k) ! + w(2) (k) + w(2) (k) 
"1 2 3 

(23) 

when there are k calls simultaneously being processed by 
the via-markers. Note that the effect of the probability 
of blocking at the outgoing trunks and in the link system 
is .not studied here, although we are well aware of the fact 
that these congestions are of primary importance under 
high traffic-load, some suggestions are made in the conclusion 
about how one could deal with these parameters. 

On Fig. 4 are reported some values of ~7(k) and 'v(k) for 

different configurations of the Test-blocks and of the 
Markers, and Fig. 5 intend to show the influence of time
out on the average hdding-time of the via-markers. Note 
that for typical configurations, there is no time-out of 
importance, although 15 calls circulating in the network 
correspond to a traffic of approx. 10 calls per second, 

ITC-9 

which is indeed a very high traffic load. 
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the average time it takes the register-marker (RM) to 
hand-check the via-marker, and the average time required 
for transmitting dialled digits from the register to the 
via-marker . 

Sec. 

1,6 

1-1-1--.... 1,4 

......... 
V -----1,2 

~~ 10--'1---L..!~i--" 
1,0 

10 11 12 13 

Fig. 5-Avr,~gr holding limr 
~I Ihr v/~ - m~rkr's . 
TB holding-limr : 150ms (T=O,5src.) 
M holding -limr : 500ms (T=O,75I1,OIl,5 src.) 
VM-digils in : IOOms 

Case 

Case 

Case 

15No.of 
calls 

In Fig.5 as well, three cases are compared differing by 
the time-out at the marker station (a time-out of 500 
milliseconds at the test-blocks did not give rise to any 
rejection of importance, evidently because the marker
station is the bottleneck and thus has an output rate below 
the service rate of the test-blocks) . 

Case 4 - 2 test-blocks, 3 markers, time-out: 750 millis. 
Case 5 - 2 test-blocks, 3· markers, time-out: 1 second. 
Case 6 - 2 test-blocks, 3 markers, time-out: 1.5 second'. 

(Note that no exchange operate with so small values of 

time-out) 

Results concerning th~. registers: 

Fig. 6/7 concern the average holding-time of th~ ~hree 
types of registers in the model, together with similar 
results for the code-senders. Due to the high time-out 
delay choosen (12 seconds), the model did not show any 
probability of time-out of importance. 

The exchange was configurated as follows: 
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S.c. 

2,6 

2,3 
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1 

Sec. 
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1.47 
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3 

~ 
........... 
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/ 
........ V 

2.79 142 
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........ V 
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4 
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1.42 
5 

_.-" -
189 4045 
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.-" -
us 
7 

,...V 

~ V" 

V KMR 

/,..., 

5.41 5.91 Cillls per sec. 
9 10 no. of calls 

REG -H 
....... V 

S41 S.91 Calls per sec. 
9 10 no. of calls 

Fig. 6- Av~r~g~ holding -lim~ for cod~-r~c~ivns and H- rtgislns. 
Vrrsus offrr~d Ir~ffJc. 

No. of Code-receiver finders: 1 No. of test-blocks 

No. of Code-receivers 5 No. of markers 

No. of H-register finders 1 No. of via-markers 
No. of H-registers 10 No. of Code-senders: 

No. of E-register ·finders 1 
No. of E-registers 10 

Average Code-receiver execution time : 1.0 second 
Average H-register executior. time : 6.0 seconds 
Average E-register execution time :14.0 seconds 

2 
3 
4 
2 

Average Code-sender execution time 1.3 second 
Average Register-finder execution 'time : 100 milliseconds 
Average test-block execution time 150 milliseconds 
Average marker execution time 550 milliseconds 
Average via-marker execution time 

(computed according to section 4) 800 milliseconds 

Time-out delay at the VM-queue : 6.0 seconds 
Time-out delay in the KSN-queue:12.0 seconds 
Ratio of interurban traffic to total traffic 

originating from rural exchanges : 

S.c. 

50% 

16,2 
.....,../ 

REG -E 

16,0 

15. 7 

15,5 
0.7S 

1 

Sec. 
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U7 
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t47 
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~ ~ 

./~ 

,/ -
2.16 
3 

~ -2.16 
3 

2.79 
4 

~ .-" 

l,42 
5 

~ 

2.79 l,42 
4 5 

189 
6 

........... 1-"'" 

189 
6 

_ ........... 

/ V 

US 
7 

........... 
........... 

/' 

/' 

S.91 Calls per sec. 
10 no. of call s 

KSR -N 

S.91 Calls per sec. 
10 no. of calls 

Fig. 7-Av,,~g~ halding-lim~ far £- ,~g islrrs ~nd Cad~- stndrrs. 
V~rsus affrr~d Ir~ffic. 

CONCLUSION. 

In this paper, a simple model has been presented that 
approximates the behaviour of a conventional telephone 
exchange, leading to analytical expressions for the 
average holding-time of the registers, that in turn may 
be used in multiple-server queues models to work out the 
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total exchange capacity. Only two parameters have to be 
found as solutions of ra~lon·al equations that may best be 
solved iteratively on a digital computer. 

This model is suffering lacks about three essential matters: 

i) The grading of the incoming trunks into the registers 
is not taken into consideration, 

ii) neither the link-congestion impact on the model is 
evaluated, 

iii) nor the outgoing route congestion is investigated. 

The link and outgoing-route congestions are the parameters 
that may have the greatest effect on the results presented 
here, as when link-congestion is not negligible anymore, 
the outgoing trunks of a given route stop behaving as a 
full availability group. 

This gap could perhaps best be filled by following 
B. Wallstr0m (Ref. 12) in assuming that the probability of 
lost of a call arriving to a given outgoing route, is a 
function of the number of busy circuits in that route p(x) , 
the resultant equilibrium distribution over the route being 
given by an Erlang-like formula, where the probability of x 
busy circuits out of n, when the offered traffic is A, is 

x-l . 
AX. L [l-P(i)] 

q(x) x! i=O 
n . ii-l 
L ~ n [l-P(i)] 
i=O~'k=O 

giving for the total call-congestion 
n 

B = L P(i) q(i) 
i=O 

for the route call-congestion, R = q(n), and for the 
link call-congestion L = B-R, P(i) being determined by 
evaluating the average load per link a, and assuming Bernoulli 
distribution over both stages of a two-stage switching 
system, by 

m-l 
P(i)= L ck ak(l_a)m-l-ka(n-i) (m-k) = an-i[a+an-i(l_a)]m-l 

k=l m-l . 

where m is the number of switches in the second stage. 
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