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SUMMARY 

The period of reference used so far for the provision of 
the different devices in a telephone exchange or in a net
work has been the busy hour. 

For economical reasons, the technological progress of te
lephone switching systems leads increasingly to a centra
lization of the control devices. This trend induces a re
consideration of the selection of the parameters which 
affect the calculation of these devices, including the 
busy hour concept as a period of reference. 

The traffic variations during the busy hour, sometimes 
random and sometimes caused py incidents in the normal es
tablishment of calls (uncompleted calls·, repeated calls, 
renewals, breakdowns, disconnections etc.), . may during 
short periods cause abnormal occupations in the devices, 
particularly in the control devices, and have serious re
actions on the efficiency of the exchange, which may be 
affected by serious internal congestion even for traffic 
values in the speech circuits which are not higher than 
th~se used for dimensioning of the different circuits. 

The main object of this paper is to study the most suit
able period of reference to obtain a. sample of the out
going traffic data for dimensioning of common control te
lephone exchanges. This study consists of an analysis of 
the traffic distribution in periods shorter or longer 
than the busy hour, taking into account the influence of 
incompleted calls, repeated calls, false calls, renewals 
etc. 

1. GENERAL 

1.1 Definitions of the busy hour 

The C.C.I.T.T. defines the "busy hour" as follows: "The 
busy hour is the uninterrupted period of 60 minutes for 
which the traffic is a maximum". 

If one tries to determine this time period by sampling, the 
concept "time consistent busy hour" is applied. This is de
fined by C.C.I.T.T. as "the uninterrupted period of 60 min
utes for which the total traffic of a sample is a maximum". 

For practical reasons it is recommended to determine the 
time consistent ·busy hour as the period of four consecutive 
quarters of an hour for which the traffic is a maximum. 

1.2 Analysis of the "busy hour" concept 

The choice of the busy hour as period of reference for the 
provision of the different devices in a telephone exchange 
or network was a result of practical and economical con
siderations. 

In the case of constant traffic intensity from the sources 
during the busy hour one may say that the traffic offered 
to the system corresponds with great exactitude to the 
Poisson assumptions and, consequently, this hour would be a 
good period to use for dimensioning of the routes or the 
speech circuits in an exchange merely by using the Erlang 
B formula if the offered traffic is known. 

Now, in the above-mentioned case, for reasons of interac
tion between the effect of unsuccessful calls and the phe
nomena of repeated attempts, it may happen that this period. 
is not significant enough for using as a reference for cal ... ·· 
culation of the devices and particularly the control system. 

In the case of exchanges with step-by-step control, only 
brief congestion normally arises, resulting in absence of 
dialling tone for the subscribers or delay in the connec
tion. 

In exchanges in which there is more centralization of the 
control devices, · such as markers, connection equipment etc., 
and with by-path connection to the speech path, the ·congest
ion has an accumulative effect and may extend over periods 
of some seconds or even minutes. This results in an impair
ment of the grade of service of the exchange as soon as the 
mean offered traffic during the busy hour is equal to or 
less than that used for the dimensioning of the exchange. 

In this case the busy hour, as a period of reference, can 
certainly not be representative. 

2. REALIZATION 

The reliability of the traffic data depends, no doubt, on 
the representativeness of the sample chosen to obtain the 
data. 

If we look at samples in which the periods used are longer 
or shorter than what corresponds to the busy hour, we shall 
get different traffic values, and this leads us to the prob
lem of determining the ideal period from which the traffic 
data suitable for provision of the telephone exchange de
vices can be deduced. 
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In principle it is logical to assume that, in samples 
great er than what corresponds to the busy hour, it fs more 
pr obable that we have statistical equilibrium, and there
f ore it is also more probable that the random traffic var
iations are included in the traditionally used models of 
traffic distribution. 

On the other hand samples with periods shorter than the 
busy hour give rise to higher traffic data than what cor
responds to the busy hour, some of them deviating from a 
Poisson distribution. 

Experience demonstrates that incidents depending on equip
ment faults, congestion, breakdowns, repeated calls etc., _ 
produce strong traffic fluctuations and change the hypo
thesis of the traditional distribution models. 

This work refers to the concrete case of the common con
trol telephone exchanges in which, depending on their con
stitution, the computation of the numbers of speech paths, 
trunks and control devices ought to be handled separately. 
The characteristics of the offered traffic differ in the 
different types of devices, especially if the phenomenon 
of repeated attempts is taken into account. 

Can the traffic offered to the control devices be conside~ 
ed to fit in with the classical distribution models? Will 
the constant traffic concept remain valid, in the busy 
periods, for the control devices? These two questions crop 
up frequently in practice. 

Concerning the representativeness of the busy hour for the 
calculation of routes, and, in general, for speech cir
cuits, many papers have been published. From these it is 
apparent that the results obtained from measurements and 
observations of routes lead to conclusions which show th~ 
ambiguous meaning of the "busy hour" or the "time consist
ent busy hour". 

In general it may be said, empirically, that the normal in
cidents of service have only a slight influence on the 
traffic intensity of the speech circuits, so that the pre
dominant factor in the traffic volume carried by these 
devices is that due to the random variations and therefore 
for these cases, the use of samples relating to periods 
shorter than the busy hour gives rise to a greater in
crease of ambiguity in the results. Nevertheless, later in 
the paper we shall discuss the consequences of using these 
short periods, in which we include that of the "busy hour". 

Therefore, and continuing with the speech circuits, the 
chosen sample should be longer than the busy hour sample, 
but the results following therefrom must comply with eco
nomic requirements, and therefore an attempt will be made 
experimentally to justify the results shown later on. 

Unsuccessful calls in the speech circuits have a holding 
time of some seconds, which only slightly influences the 
total traffic handled by these devices even if the number 
of calls increases noticeably. On the other hand the 
random traffic variations during periods shorter than 60 
minutes are not important if one considers consecutive 
periods and provided that the traffic is not relatively 
weak. 

The classical distribution models applied to the traffic 
offered to the control devices of an exchange can undergo 
modifications due to repercussions produced by repeated 
calls, the renewal of calls, time releases, the breakdown 
of a device normally handling a large number of calls 
(translators, markers, connecting devices, etc.), the in
capacity of some devices to handle momentary traffic peak~ 
etc. 

These indicated causes, in general explained by abnormali
ties in the exchange or in the network, give rise to an 
accumulative increase of calls offered to the control unit 
and, at the same time, to a great increase in the holding 
time of those devices, which is equivalent to an important 
increase of offered traffic, especially compared to that 
on the speech circuits. 

For these reasons it is necessary that the traffic data 
used for the dimensioning of the control devices comprise, 
at least in part, these processes of incidents and of the 
reiteration of calls. This implies the use of samples of 
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periods shorter than 60 minutes, which results in a higher 
traffic, a gre~ter number of devices, and a higher cost, 
but has the great advantage of a better grade of service 
and a guarantee of the quality of service offered. 

In the sequel we ' shall analyse the most important factors 
or conditions which react on the traffic capacity of the 
"slow" contrdl devices, which have a relatively long hold
ing time (10 to 25 seconds), for example registers, sender~ 
receivers, and shall ieave until later the "fast" devices, 
few in number, with short holding times (tenths of a secon~ 
and a great number of calls to handle. 

These conditions or factors are: 

1. The traffic values in periods shorter than 60 minutes 
' included, in the busiest hours. (Traffic peaks.) 

2. The traffic value of the busy hour for a fixed day in 
relation to the mean value for different days. 

3. The increase of traffic and of the number of offered 
calls due to the reiteration of calls because of irre
gularities in the exchange or network. 

4. The reaction in the traffic and in the offered number of • 
calls because of the phenomenon of reiteration of calls 
in cases of premature replacement,wrong number, sub-
scriber engaged or no answer. 

5. The variation of holding times of control devices be
cause of irregularities in the exchange or because of 
repeating of calls. 

6. The decrease of the mean holding time of calls. 

How can we get the traffic used in the calculations of con
trol devices to guarantee a satisfactory grade of service 
for the exchange? 

One method consists in obtaining a sample extending from 
9 to 13.30 during 5 to 10 days, by explorations of short 
duration. 

If i is the mean traffic of one type of device in a large 
sample, and if d is the standard deviation of the sample 
and H is a parameter, the value Tc of the traffic offered 
to the devices concerned will be Tc = i + Hd • 

The value of H ought to be intimately connected with the 
holding time, with the mean waiting time and with the proc
ess of repeating of calls. 

The total number of offered calls is obtained as a function 
of Tc and of the mean holding time. 

• 

Another method of calculation of Tc consists in taking a • 
sample from 9.30 to 13.30 during 5 to 10 days and finding 
the values of occupations by explorations of short dura-
tion. 

If this value is x., n. and h. are the absolute and rela-
tive frequencies of ea~h valu~ Xi' R is the total number of • 
devices and N is the total number of observations: 

R R 
To x +? (x.-X)h1 III x+Dn,oon i - N

1 ~ %in1 
~1 1 i~ 

A third method is based on practical considerations which 
modify the classical realization. 

Fundamentally, the traffic value in the control devices is 
based on two factors, namely: 

The number of offered calls 

The mean holding time 

The number of offered calls is normally obtained from the 
conversation traffic and the mean holding time of the cal~ 

The conversation traffic varies only slightly through the 
effects of unsuccessful calls, congestion and, in general, 
each incident presented in the exchange. In contrast to 
this the mean holding time of calls will decrease very much 
through the effects of the reiteration of calls, the time 
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release of devices, calls with renewals and the delay of 
or faults in the backward signals from distant exchanges. 

Therefore it is necessary to introduce a new factor which 
i ncludes the indicated phenomena and at the same time per
mits determination of the parameters of security which 
should be applied to the traffic values determining the 
dimensioning of the control devices, so that the quality 
of service will not be worsened by incidents which may 
occur with a certain normality and not due to catastroph
ic situations. 

The new factor is defined by the ratio between the number 
of offered calls ' in a period with abnormal situations in 
the exchange and the number of offered calls in normal 
situations and in periods of the same duration, i.e.: 

,N' 
K='N 

If P is the probability of a successful call, q = l-p is 
the probab~lity of an ~successful attempt depending on 
the follow1ng types of events: 

Premature replacement, wrong number or incomplete 
dialling. 

Internal or external congestion. 

Breakdown. 

Subscriber engaged or no answer. 

If we denote 

A the total holding time of the devices (traffic 
volume) 

N the number of offered calls 

Np the number of effective calls (conversation) 

Nr the number of calls with premature replacement 

Ns the number of rejected calls due to congestion 
(overload) 

NJ the number of rejected calls due to fault in the 
equipment 

NIl the number of unsuccessful calls due to subscriber 
engaged or no answer 

tm, tp, tr, ts, tf and tll the mean holding times for 
each type of call ' 

p, r, s, f and 11 the proportion of each type of call, 
we get 

and 

or 

A '" Np.tp + Nr.tr ~ Ns.ts + .Nttf' + Nll.tll 

N .. Np + Nr .:- Ne + Nf' + Nll 

Np=p.N 

Nrxr + Nets + N£tf + Nll.tll - (N-Np)tq 

A - Np~p + (N-Np)tq 

A OK N(p.tp + q.tq) 

where tq is the mean holding time of all unsuccessful 
calls. 

Supposing a period of the same duration but , in which an 
incident occurs, the 'value A' will be practically the same 
as A, while N~ . p~ and ~will be different. The ratio 

K N' A' p:tp + q.tq 
.. N - -r · P'.tp+q!tq 

can be expressed in another way: 

K K p:1;p+(1-p)tq 
= 1 p!ip+tr=Iijtq 

where d is a constant. 

p;tp + q;tq 
K1p ,.tp+q '.iq 

(rr) 

This formula can be modified by introducing the following 
logical hypothesis. Grouping the unsuccessful calls depend
ing on the subscribers, Nr and NIl, in one group and in 
another group those depending on the exchanges, Ns and Nf, 
the percentage of the first group can be considered con
stant and, if c is the probability of rejection of a call 
because of congestion or equipment fault, we can admit that 
p = M(l-c), where M is a constant. 

Then the formula I can be expressed as 

where g is a constant. 

M:tp - M.tp.c + tg - '1rtto 
M.tp - ~I.tp.c' + tq - f.ttq_ 

(In) 

This formula can be expressed as a function of the effici
ency of the registers (ratio between completed calls and 
seizures) and of the proportion of unsuccessful calls ob
tained from observations of service. 

A' N!p:tp+N'r.tr+N~sxs+N'ftf+N'll:tll 
T = Npx.p+Nr.tr+Ns.ts+Nftf+Nll-tll 

+Ntsts+N!fxf+N!lLtll-N!lltp 
+ Nsts '+- Nftf + NE tll-Nll tp 

N!ptp+N!r~r+N!lltp+ 

Np:tp + Nr.tr + Nl l .tp+ 

and taking into account that Nr+Ns+Nf = N-Np-Nll and that 
the values of tr, ts and tf can be considered integrated 
in a mean value t, 

..!:.. 
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0: (~:! p+N'll) (tp-t)+N ~ t-N~ll (tp-tll) 

(Np+Nll) (tp-t)+Nt-Nll(tp-tll) 

The number of completed calls in the registers is Np+Nll 
and the total number of seizures N. Then the efficiency E 
of the registers is 

E ~Tp + NU 
• N 

A' . 
and for the ratio A we get 

t-ll(~p-tll) 
A' E!N' (tp-t)+N!t-llN' (tp-tll) N' E_' _+_--,t,..::p-;--t~~ 
Ta EN(tp-t)+Nt-llN(tp-tll) . =N E + t-ll(tp-t ll) 

tp-t 

from which 

N' 
K"'"N 

where 

g E-h 
A E'-h 

h = ll(tp-tll)-t 
tp-t 

K E-h 
1 E'-h 

(IV) 

The mean values of occupation and the values of p, r, s, f 
and 11 for each type of calls, as well as the value K1 , 
can be obtained. experimentally in exchanges of the same 
switching system, and with these values K can be found 
from the formulas I, 11, III and IV as a function of p, c 
or E and, consequently, the number of offered calls to the 
control devices, taking account of the incidents. 

Regardi~g the mean holding time of the control devices,the 
incidents will certainly result in an increase due to the 
renewals, delays etc., and experience indicates that this 
increase may vary between 5 and 15% of the normal mean 
value in registers, senders and receivers. 

The value Kl can be considered = 1 since experience indi
cates a value between 0.9 and 1.1, which is quite logical. 
On the other hand it is difficult to measure K1 exactly in 
an existing exchange and the estimation of Kl for a new 
exchange is practically impossible. 

As already stated we shall now consider the traffic offer·
ed to the "fast" control devices with mean holding times 
of tenths of a second and take note of the incidents which 
may appear in the exchange. 
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The indicated inf luences for devices with longer holding 
times are also valid for the "fast" devices. In these de
vices an important circumstance appears which appreciably 
affects the number of offered calls. This circumstance is 
the renewal of calls, which some common control switching 
systems permit in case of fault or congestion in the es
tablishment of the call. The number of renewals increases 
with abnormalities, and experimentally has been verified 
that the percentage of. calls with renewals, which will be 
successful during these circumstances, is very low. 

As regards the operating time, important variations appear 
in cases of abnormaliti es, resulting in increases of even 
more than 100% of the normal value. This is due to the 
following causes : 

Renewals 

Time releases 

Delays or faults in signalling 

A call which is unsuccessful because of breakdown or con
gestion in some device results in the retention of a fast 
device, which will not be restored to attend to another 
call until a time release. This delay, which may amount to 
2 to 4 seconds , for example, renders the device inopera
tive during this time. Another way of saying this is that 
1% of calls with renewal can imply 20% of the holding time 
of the device . 

The breakdown of one of these devices may very greatly af
fect the traffic flow in periods of high traffic and very 
little at other moments. 

It is worth emphasizing the influence of congestion in an 
incoming stage of an exchange on the outgoing stages of 
the remainder of the exchanges in a totally integrated 
network. A fault or delay in the sending of backward sig
nals produces in the control devices in the originating 
exchange an increase of the holding times, a greater num
'ber of time releases, a large increase of calls with 
renewal, a greater number of rejected calls and a large 
increase of repeated calls. All this definitely results in 
a decrease of the capacity of the control devices. 

If the traffic t o such an exchange is heavy in comparison 
with the traffic to the remainder of the exchanges, the 
above incidents may affect the total service in the out
going stage of an exchange, including blocking. The same 
effect may result from partial or total breakdown of a 
route . 

Suppose that we have a pair of common devices which theore
tically can handle 5000 calls. If the n~ber of offered 
calls is 4000, the traffic will flow normally but, if one 
device breaks down, the other alone can probably not han
dle 4000 calls and therefore produces a bottleneck, which 
can block the exchange if the breakdown continues for a 
while. 

Another important influence on the occupation of the fast 
devices is an incorrect traffic distribution. The congest
ion points affect in a sensitive way the functioning times. 

The alternative routes can also affect the operating time 
of the devices, for example if a marker has to make a time 
release to route a call to an alternative route when all 
circuits on the direct route are occupied. 

By reason of what has been said it is necessary to in
crease the traffic capacity of the fast devices, for exam
ple by reducing the operating time, modifying or moving 
parts of the functions to be realized or increasing the 
number of devices so as to absorb the traffic peaks due 
to incidents or random effects. 

If the traffic engineering problem is to guarantee a good 
grade of service with the smallest number of devices on 
economical grounds, an increase in the number of the fast 
control devices can have no practical effect on the expen
se of the exchange owing to their very small number. 

3. MEASUREMENTS AND OBSERVATIONS PERFOR,·'IED 

Based on the theme stated above, a series of experiments 
has been performed in exchanges of the types below: 

IIC 7 332/4 

Exchange Type System Number of 
subscribers 

Hadrid-Alma.,{ro I 
Trd1lvera de lu. R. 
~hdrjd- Oel.icilln IV 
Madri rl -A l e.in tUl"a. 
Val/Hl..:ia-P. ( ;alci()~ 

J1Cl ree 1 'J rn- i 'u: ·Ld:.!:; 

Local 
Terminal 
Local 
Transit 
Transit 
Tran'sit 

Pent-1000 
Pen t-1 ()OO 
'{ A ( :?o 1.n. to. ) 
PenL- 1000 
Pent-WOO 
Pent- WOO 

10.000 
5 .000 

1'").000 

The following measurements and observations were made with 
automatic traffic recorders and electromechanical counters 
in the exchanges: 

Traffic intensity in the speech path 

Traffic intensity in the registers 

- Mean holding time of the calls 

- Mean holding time of the control devices 

- Seizures in control devices 

- Completed calls in registers 

- Observations of the service to get the mean holding 
times and the percentage of each type of call 

With these measurements a study was made of the following 
two points: 

- Analysis of different types of samples to obtain 
the traffic values. 

- Relation between the number of offered calls and 
the quality of service of the exchanges. 

3.1 Analysis of different types of samples to obtain the 
traffic values 

To complete this study, measurements of traffic intensity 
and observations have been performed during weekdays of one 
or two weeks, between 9 and 13.30, excluding Saturday in 
all the exchanges with the exception of Madrid-Delicias 
which has a high traffic on Saturdays. The period for tak
ing the readings of traffic intensity was 5 or 10 minutes. 

From these measurements the following types of samples 
were considered, both for devices in the speech path and 
for the control devices: 

a) Period 9-13.30 with the results expressed as x + Rd 

b) Period 9-13.30 with the results expressed as x + Dm 

c) Period of "busy hour" (B.R.) 

d) Period of "half the busy hour" (!B.R. ) 

e) Period of "quarter of busy hour" (t B.R.) 

In order to connect the obtained results with the type of 
curve of traffic distribution for each of the exchanges, 
the ~arameter b2 was considered as grade of kurtosis (flat
ness), which corresponds to the ratio between the 4th mo
ment with reference to the mean and the square of the vari
ance. 

The results obtained for the devices in the speech path 
and the control devices are presented below. 

3.1.1 Speech circuits 

The data of traffic intensity, in erlangs, obtained in 
each of the chosen samples, for the devices in the speech 
path, are indicated in figure 1. 

--~-------:--:-:-= 

PERIOD OF MEASUREMENT 9-13 .30 ~~~~FfR'~ 
b2 X I;lrn a' Ix+Drn X+ er x+2!J x+30' D.H. ;2 8.H. ~8 .H . 

M.-ALMAGRO 3, 67 566 3',5P 40,7 597,5 606,7 64~4 688,' 596 606 610, 3 

T. DE LA REINA 3,01 104 10,3 10,6 114,30 111.,60 125,2 135,8 10& 110 112,60 

M,-DELlCIAS 3,8 438 35,6 40,3 473,6 478,3 5~8,6 558,9 469 472 477 

Fig. 1 Traffic intensity, in erlangs, for the devices in 
the speech path. 
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From the data in this figure it f ollows that, in the ex
change of Talavera de la Reina, the traffic distribution 
is of normal type because the value of the parameter b2is 
close to 3. Therefore, if we have the number of devices 
equa l to i + 2.6 d , it follows statistically that the 
probability of a number of occupied devices less than this 
value is 0.99, which corresponds to the probability of 
loss of those devices being 0.01, which is the required 
grade of service in those devices. 

The expression i + 2.6d takes the value 10~2.6xl0.6 
= 131.6 devices, which with the Erlang distribution and 
the probability of loss = 0.01 corresponds to a traffic of 
llq erlangs. This traffic value has been obtained in the 
sample corresponding to a period of measurements from 9 to 
13.30 during 5 days and with the expressions i + Dm and 
i + d • 

For the rema1n1ng exchanges the traffic distribution has 
not been of the mesokurtic type but the results from 'each 
of the types of samples has the same relation as those 
from the exchange of Talavera de la Reina. 

3.1.2 "Slow" control deviees 

In figure 2 the data of traffic intensity in the regi.sters ! 
are shown. 

PERIOD OF MEASUREMENT 9-13.30 MEAN TRAFF. INT. 
IN SHORT PERIODS 

b2 li Om U' x·Dm x+ C7 1(.2C1 1(.30' D.H. Y2 S.H. ~B .H. 

M.-ALMAGRO 2/99 106 10,9 12,43 116,9 118,43 130,86 143,3 113/33 115 116 

40 \,22,69 
---r---

T. DE LA REINA 2,60 22 4,69 6 26/09 '28 34 2S,28 26,79 

M.-OELICIAS ~50 87/3 12,13 13/3 99,4 100,6 113,9 127,2 96,72 96,61 100,82 

M.-ALCANTARA 2,96 42 9/5 12,15 ,51,S . 54,15 66,30 78,45 48,16 49,4 50,6 

Fig. 2 Traffic intensity, in erlangs, in the registers. 

The analysis of these data brings to light two significant 
aspects: 

a) In the exchanges of Madrid-Almagro and Madrid-Alcantara 
the traffic distribution is of th~ mesokurtic type as 
the value of b2 is near to 3. 

For this type of distribution we may say that the num
ber of occupied registers at a certain moment is, with 
~ ~robability of 99.9%, contaiped in the in~erval 
x - 3.3d , which for the exchanges of Madr1d-Almagro 
and Madrid-Alcantara corresponds to the following valu
es: 

106: 3.3 x 12.q3 

q2: 3.3 x 12.15 

106 : ql 

q2 : qO 

If we have in the exchanges a number of registers equal to 
the upper limit of these intervals, the probability of 
finding all registers occupie4 is approximately O.l%,which 
corresponds to the value normally used for the probability 
of loss in calculations of these devices. 

In the Erlang B-distribution a value of the number of reg
isters equal to lq7 and 82 and a probability of loss = 
= 0.1% corresponds to the offered traffic 117.3 and 59.5q 

' erlangs for Almagro and Alcantar~ re~pectively. 

In the expres~ion x + H~ the values of H' which fit the 
results above are H 0.9 for Madrid-Almagro and H = 1.q 
for Madrid-Alcantara. 

With the expression i + Dm and periods shorter than the 
"busy hour", we come further away from the results than if 
we use i + 0 in a bigger sample. 

If we take the results as being representative, we may 
conclude that with big samples and with the use of the ex
pression x + Hd , with values of H near to 1, they will 
be quite acceptable. 

b) In the exchanges Talavera de la Reina and Madrid-Deli
cias, in which the values of b2 are respectively small
er and larger than 3, we can see that the data result-
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ing from the different samples have a relation similar 
to that indicated above, and therefore the conclusions 
can be maintained. 

In annexes 1 and 2 the traffic distributions in the control 
devices (registers) and in the speech circuits (line find
ers) are shown for the exchanges of Madrid-Almagro and 
Talavera de la Reina. For each case two curves have been 
drawn. The first corresponds to the day with the highest 
traffic and the second to the mean values of the sample 
from different days. The mean values, the deviation Dm, the 
standard deviation and the value of the traffic intensity 
in the busiest hour are also shown. 

From the analysis of these annexes the following conclu
sions can be drawn: 

a) For the speech circuits the increase of the traffic in
tensity in the busiest day as compared with the mean 
value is q% or 8%, respectively, in annexes 1 and 2. 

b) For the control devices the above-mentioned increase is 
8% and 17% in annexes 1 and 2. 

c) The deviations of the values between consecutive periods 
are much smaller for the speech circuits than for the 
control devices. 

d) The values of traffic intensity in speech circuits and 
control devices do not correspond in time, or, which is 
the same, the busy hours differ. 

e) The highest traffic values in the spee~h circuits do not 
correspond permanently to those obtained for the control 
devices. 

f) The differences of the values obtained in short consecu
tive periods may be considerable, especially in the con
trol devices, where they may amount to 6q%. 

In figure 3 the mean holding times and the traffic in the 
registers of Madrid-Alcantara are shown for the same peri
ods. 

REGISTER TRAFFIC (ERLANGS) 37 I 62 62 58 213 32 49 36 39 33 

MEAN HOLDING TIME (SEC.) '5,21'9,3 
r---

18,6 17 16 16,2 17 15,8 16 15 

REGISTER TRAFFIC(ERLANGS 23-~ 42, 40 26 39 37 41.4 43 35 

MEAN HOLDING TIME ~c.l 15,3117 16,5 17 15,5 1') 17 17,5 18 15,4 

Fig. 3 

' It is seen that the mean holding time increases with the 
traffic because of renewals. 

3.1.3 "Fast" control devices 

The number of calls which can be handled by the "fast" 
control devices is a function of the mean holding time and 
the mean waiting time considered acceptable for the calls. 

In order to experimentally analyse the deviations of the 
number of seizures and of the holding time in these de
vices, by chance or because of the presence of incidents in 
the exchange, a series of measurements has been made in 
order to find: 

a) The real capacity of handled calls in a pair of markers. 

b) The real capacity of handled calls in a pair of trans
lators. 

c) The variation of holding time in those devices as a 
function of the number of offered calls. 

In order to study the first point, measurements of the num
ber of calls and the holding times have been made in the 
tandem exchange Barcelona-Pujadas.From the analysis we get 
the mean holding time in those markers = 683 ms, which ac
cording to the Crommelin distribution, and for a mean wait
ing time for all calls of one tenth of the mean hoiding 
time, shows that the traffic offered to this pair of de
vices ought to be not more than 0.8 erlangs. This means 
that the real capacity of calls in this pair of markers is 
q200 in the busy hour. The theoretical time and the capa-
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city of the pair are 550 ms and 5300 calls. 

In the Madrid-Alcantara exchange, technically identical to 
Barcelona-Pujadas, the variation in number of offered 
calls has been measured in three pairs of markers during 
the weekdays of a week in the busiest month of the ex- ' 
change, and the results are shown in fig. 4. 

D~ 8- 9 9 - 10 10- 11 11- 12 12 -'13 13 - 14 

MONDAY 2.157 8.050 11.047 10.940 10. 248 6.967 

TUESDAY 1.982 7. 6 21 13. 543 14 . 007 12. S06 7.172 

WEDNESDAY 2.250 8.217 10.061 10. 272 8. 661 7. 464 

THURSDAY 1.867 6.040 6.946 7. 157 6.775 4.80l 

FRIDAY 1.436 3.256 7. 016 7. 177 7.034 4. 503 

SATURDAV \. 687 4.2118 S. 5S( 5.672 5.057 3.706 

TOTAL 11 ,379 31.482 54.179 55. 225 50.281 34 . 61~ 

Fig. 4 Vari~tion of t~e number of calls offered to 
three pairs of markers. 

TOTAL I 
49. 409J 

56. 831 

46. 92 5 

33. S::7 

30.422 

25. 976 

' 243:.'60 

The time consistent busy hour for the total traffic in 
this exchange is 10-11 hours, and the average number of 
seizures of the markers during this hour is, disregarding 
Saturday , 9722. Nevertheless in the hour 11-12 the number 
of offered calls is 9910, which is slightly higher than 
that duri ng the busy hour of the exchange. 

From the t otal values, per hour or per day, it is possible 
to estimate the great variations in calls offered to the 
markers. 

If we consider the mean value, the standard deviation and 
the deviation Dm of all values shown in fig. 4, excepting 
the Saturday values, we get the following results: 

Mean number of calls/hour (i).............. . 7239 
Standard deviation of the sample «(!/) •• ••• • 0 3384 

Dm •••••••••••••••••••••••••••••••••• •• •••• • 2963 
x + 6 •.•.•...••••.•••.••.••.••..•.•..•...•• 10623 

x + Dm ••••••••••••••••••••••••••••••••••••• 10202 

This shows that the use of either of these two values , 
i + 6 or i + Dm, gives a better guarantee for correct 
dimensioning of the markers than the busy hour value. 

In fig. 5 the histograms of the holding times in a pair of 
translators in the Valencia-Perez Galdos exchange are 
shown. From this figure the repercussion of the incidents 
on the holding times of the fast devices, and the result
ing reduction of traffic capacity, is clear. 
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Fig . 5 
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3.2 Relation between the number of offered calls and the 
grade of service in the exchanges 

An approximate formula has been deduced in order to deter
mine the increase of offered number of calls as a function 
of the variation in grade of service if no incidents occur 
in the handling of traffic in the exchange. 

To verify the reliability of this expression, experiments 
have been carried out in the Madrid-Alcantara trunk ex
change . 

From the analysed data we get the mean holding time for 
calls with subscriber engaged or no answer, 35.03 sec, and 
the value of t is 28.71 sec. 

The other data needed to calculate the parameter h are the 
following in the Madrid-Alcantara exchange: 

Mean conversat ion time •••••••••••••••••••••••• 219 sec 

Mean time for the establishment of successful 
calls •••••••••• ••••• ••••••••••••••••••••••••••• 26 sec 

Mean holding time for the successful 
calls (tp) •••••••••••••••••••••••••••••••••••••• 245 sec 

Proportion of calls with subscriber 
engaged or no answer •••••••••••••••••••••••••••• 0.265 

Thus the value of h for this exchange is 

h - ll(tp-tll)-t a O,265(?45-35.03)-28,71 a 0,124 
- ~p-t 245 - 28,11 

During the days when the reported measurements were per
formed on the Madrid-Alcantara exchange, the grade of serv
ice was observed in order to record the times of normal in
cidents in the exchange. The data are shown in fig. 6. 

- I VALUES ,"OM REG'STERS VALUES FROM VALUE VALUE 
BEFORE OR AFTER REGISTERS AT THE OF OF 

I INCIDENTS TIME OF INCIDENTS 
K=hl N'!:WN.K 

9,50 10 10, '0 10,20 10. 30 10,40 
E~h 

HOUR TOTAL TOTAL 
10 1010 1020 10,30 10,40 10,50 

DAY N° 1580 1180 1615 4375 1505 1665 1720 4890 
25-9-72 

INT.-Np 

Np+NlI 1195 985 1'.!55 3435 1145,'185 1210 3540 1,114 4813 ' 

E 75 83,5 78 78,8 75 71 70 72 

HOUR 10 10,10 10,20 TOTAL 10,30 10,40 10,50 - .. --
10,10 10,20 1030 1040 10 50 11 TOTAL 

DAY N!' 
1640 1985 1665 5290 INT.-Np 1815 2210 2160 6185 1,169 6184 

26-9-72 
Np·NtI 1220 1465 1225 31110 1110 1350 1345 3805 

E 74 74 '/3,5 73/ 8 61 61 62 61,3 -
HOUR 12,20 I 12, 30 12,40 TOTAL 11,50 '2 12,10 TOTAL 

1230 1240 1250 " 12 12 10 12/ 20 

I DAY N? 
1765 2000 1565 5330 2330 1570 1915 5&15 

I NT.- Np 1,1175 5956 
26-9-7~ 

~~I 1230 1'.15 1145 3790 1465 990 1240 3695 

E 73 71 73 72,S 62,5 63 65 53,5 

HruR :1,40 " / 50 12 lIOTAL l1,1C 11,20 11,30 
.. . -

1150 12 12,10 . ... 112'J 11 30 1140 OTAl 

DAY N? 
1215 1580 1380 

INT.-~ 
4175 1535,1560 1520 4615 1,09') 4550 

277'9-72 
Np·~1 980 1195 1135 3310 1130 1145 1105 3380 

E 80 15 82 79 73 73 73 73 

HOUR 11,40 1~/50 12 TOTAL 12,10 12,20 12J 30 TOTAL 
1150 12 1210 lZ 20 12,30 1240 

N!' 
1435 DAY INI-Np 1155 1405 3995 1300 1500 1775 4575 1,1419 4561 

29- 9-72 
Np·NtI 1100 570 1285 3255 g90 1130 1435 3555 

-
E 76,S 75 91 80,& 76 62 79 72,3 

Fig. 6 
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In order to study the application of this formula to the 
dimens i onsing of, in this case, registers, figure 7 was 
drawn t o show the variations in number of seizures of the 
registers in relation to the percentage of effective calls 
and to the efficiency of the registers durin.s the days of 
measur ment in the Madrid-Alcantara exchange. 

From figure 7 one sees that the optimum efficiency in 
Madrid-Alcantara is on a 80% level if the number of offer
ed calls is less than 9000. This value of 80% is accept
able, since the remaining 20% corresponds to premature re
placement, equipment faults, etc., which normally take 
place in service . 

The influence of the decrease of efficiency of the regis
ters on the number of offered calls to the registers is 
clearly seen. 

VARIATION OF NUMBER OF 
§EIZURES OF REGISTERS ' WITH 
THE PERCENTAGE OF EFFECTIVE 
CALLS (P) AND THE EFFICIENCY 

9.0 

, OF THE REGISTERS (El. , 
" , , , 

" " 
" ---.. , 

" , , , , , 
I 

--- P 
-E 

[~----r---~--~~--~--~----+~ : I I 
50 58 62 66 70 74 78 82 86 90 

Fig. 7 
If we consider the number of offered and completed calls 
in the Madrid-Alcantara exchange during 'the days and hours 
of measurement, we get the following data: 

Total number of calls offered to the registers 
Total number of calls completed by the registers •• 
Mean efficiency in the period of measurement ••••••• 
Mean number of offered calls per hour ••••••••••••• 
Standard deviation •••••••••••••••••••••••••••••••• 
Mean number of calls per hour plus 0 ..•.......... 

177705 
135490 
75.8% 

9000 
1767 

10767 

An important conclusion from the experiments is that in 
case of incidents in the exchange, not only will the num
ber of seizures of the registers increase but also of mark
ers and of the other fast device(s, and with a percentage 
higher than can be seen from the grade of service. This is 
due to the greater number of calls with renewal. 

4. CONCLUSIONS 

4.1 General 

The traffic values obtained from a particular examination 
of measurements corresponding to samples from q hours a 
day during weekdays for one or two weeks are more reliable 
than those from the busy hour measurements on the same 
days and, therefore , a better grade of service will be 
guaranteed without a substantial increase of costs of eqip
ment. 

4.2 Speech circuits and trunks 

ln the realization of the theme the effect of repeated 
calls and incidents shows up only slightly in the speech 
circuits and therefore it is not necessary to increase the 
safety coefficient for those circuits, as has been seen 
from the practical results reported in point 3. 

From these results , as the mean deviations Dm are smaller 
than the standard deviations, and taking into account that 
in the experiments r eport ed in po i~t 3.1.1, the results 
obtained with this measure of di spersion are satisfactory, 
it can be confirmed that the value of the expression 
x + Dm corresponding to measurements during 5 or 10 week
days from 9 a.m. to 1.30 p.m. is acceptable as the traffic 
for which these circui~s ought to be calculated. 

Nevertheless it is also seen that the differences from the 
values of the busy hour are not large, and therefore the 
classical methods for the speech circuits and trunks retain 
their validity owing to their simplicity and economy in ex
changes or routes which comply with these premises. 

4.3 "Slow" control devices 

The results indicated in fig. 2 for the expressions x + d 
and x + Dm are very similar, even if the value correspond
ing to the standard deviation is always a little higher, 
which can be explained by the fact that in this type of 
dispersion the extreme values of the sample, due to the 
spor~dic appearances of traffic peaks, have a greater in
fluence. These values are always hi'gher than the traffic 
intensity of the busy hour. 

On the other hand the considerations put forward in 3 . 1.2, 
as a consequence of the analysis of annexes 1 and 2 and 
figures 2 and 3, make questionable the use of the classi
cal method, based on the busy hour concept, for dimension
ing of these devices. 

The experience and the data from measurements and observa
tions show that the calculation of the number of slow con
trol devices, based on the time consistent busy hour traf
fic, may result in a serious disequilibrium of the load in 
the speech circuits and control devices, and in the appear
ance of high internal congestion when the traffic is near 
the calculated theoretical one. 

Because of this, and in order to avoid such disequilibrium 
and congestion, one can proceed in one of the two following 
ways: 

a) Use the expression x + H d with the values of H near 1. 

b) Start with the traffic value obtained in the busy hour 
and use the safety coefficient indicated under "Realiza

tion" in order to take into account the effects of repeat
ed calls, renewals etc. 

4.4 Fast control devices 

The results of the experiments carried out in the fast 
cont~ol devices show the problem of estimating the number 
of calls offered to this type of devices in determinate 
periods. 

The proper fluctuations of the traffic in short periods, 
the effect of repeated calls, the calls with renewal, the 
time releases, breakdowns, equipment faults, faults of sig
nalling etc. have su~h reactions on the 'number of offered 
calls that it is practically impossible to evaluate exact
ly the number of offered calls. , 

On the other hand the strong deviations above the value of 
the mean holding time in case of incidents make it diffi
cult to determine the call handling capacity. The situation 
is worse when the number of calls is greater than the capa
city, since it results in long delays with considerable 
effects on the remaining devices'. 

Therefore, calculation of these devices with data obtained 
from the busy hour may result in situations of high con
gestion or blocking of the exchange at moments not corre
sponding to the busy hour. 

Briefly, the calculation of these devices ought to be 
carried out on the basis of obtaining with the highest re
liability, the number of offered calls from data of big 
samples, and considering intervals corresponding to high 
confidence levels. 

Nevertheless, given on the one hand the unforeseeable con
sequences of traffic handling incapacity and , on the other, 
the small number of devices, these devices ought to be cal
culated with a large margin to spare, as the security in 
the offering of service in any case justifies the small in
crease of cost resulting from overdimensioning , always 
within the technical possibilities of the switching systems. 

5. FINAL REMARKS 

Technology will, without doubt, decide the possibilities 
for telephone exchanges, with a tendency to greater cen
tralization of control devices. 
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It is foreseen that the phenomena exposed in this paper 
always have a most important influence, and therefore it 
is necessary to include them in the development of ex
changes with a greater centralization of the control. 

650 
TRAFFIC IN ANNEX 1 

6
00 CONV. DEVICES 

IN ERLANGS 
/, ,... ... \ ;....;M;;..;A:.::;.D.;...;.R"7I~;....-..;..A=L"-'M __ A=G"""'R~O 
," \ " 

550 

500 

450 

130 
120 
"0 
'08 

90 
80 

\ I 

" 
'v' ~ ... ",/'''', 

"'~-
I 

_--"_ "---DISTRIBUTION IN THE BUSIEST DAY OF THE SAMPLE(WEO~SDA\1 --- ~= 576 Om=32 0'::40 TRA~ BH. = 616 
-DISTRIBUTION CF TI£ MEAN VALlES OF THE SAMPLE - X': 566 Om=32 0'=41 TRAF. BH. =596 

TRAFFIC IN 
REGISTERS' 
IN ERLANGS A 

/ ' ,-' \ I I 
/"," .... I \ .. ....,/ 

/ v --DISTRIBUTION IN THE BUSIEST DAY OF THE SAMPLE(TUESDAY?--X=1n Om=10 0'=13 1RAF. B.H. ::122 
....... -DISTRIBUTION CF lHE MEAN VALUES OF THE SAMPlE -X=10G Urn=" 0"::12 1RAF. 8.H.:: 113 

70r---~----------------------------------------------------------------------------~~~~--'----~ 
TRAFFIC IN A - ANNEX 2 

135 CONV. DEVICES 1\\ ---)1.=109 Om=10 0'=12 lRAF. 8H= 11'1 TALAVERA DE LA REINA 
1.30 -,IN ERLANGS , \ --x = 104 Om= 10 0'::" TRAF. 8.H.:: 108 

I \ 
120 l I \// .......... ,/" ..... _-\ ' 

1\/ 
I ' ... ../ I 

110 --\ 

\ I 
V ,~---------lOO 

___ DISTRIBUTION IN THE BUSIEST DAY OF THE SAMPLE (M)N[)A() 

90 -- DISTRIBUTION CF "THE MEAN VALUES OF THE SAMPLE 

15 

3 5 ~TRAFFIC IN . " i\ 
REGISTERS / \ I \ ," " 

30 IN ERLANGS/\ I \ A I \ / \ , ..... , ,.. .••• / \ 
I j\" I , I \,.. \' \ ' \ 1\ f\. 1 \I/'\.., I' ~ I \,,,,,,,,, \ I \ ' \ 

I \ \ \ ,,_.J \ / \ \ , \,...' \ 
25 -l ~' \/ \ '/ \ / \ / V \ / 

I \,/ '0/ " \ / 

20 I - _ 
I . --- ~=26 Dm::5 a'=5 1RAF.8.H.:27 

"\ I \ 
I \ 

/ \ 1\ . 
I \ I \ 

I V 
I , 

/ 

l 1 -- X = 22 Om= 5 0'= 6 lRAF. 8.H=23 
1 8H f ---DISTRIBUTION IN THE BUSIEST DAY OF THE SAMPLE(Mo~ 

~ ____ ~ __ ~ ____ ~ __ ~ ____ ~I __ ==~I~D1STR~_UT_IO_N_Sf_lH __ E,M_E_AN ___ ~~_F_T_H.~Erl ~SAM~~~TE~~~I ____ 'I,HO_U_R_S~ 
15 45 10 15 30 45 11 15 30 LtS 12 15 30 45 13 

IIC 7 332/8 

• 

• 
• 


