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ABSTRACT 

With the aim of galnlng a greater insight into 
the ~uality of service for international calls, 
the French P.T.T. has conducted a measurement 
campaign at the PARIS international complex on 
certain outgoing routes which use the C.C.I.T.T. 
N°4 signalling code. 

After a brief description of the equipment used 
to make these observations and a dicussion of the 
underlying principles, this paper presents the 
results wh~ch have already been obtained. The 
exact measured values of certain parameters are 
compared with the estimations which would have 
been made using the normal quality of service 
monitoring methods consisting in the observation 
by operators or automatic equipment of a small 
sample of real calls. 

1 INTRODUCTION 

As part of the contribution of the French P.T.T. 
to the study of C.C.I.T.T. Question 19/11 rela
ting to the rejection rate in outgoing interna
tional switching centres, an observation campaign 
has been undertaken at the PARIS international 
complex. This campaign consists in observing all 
the calls passing by a certain number of outgoing 
international routes. 

The number of sender-receivers being too great 
for a simultaneous observation and, in the absen
ce of an apparatus capable of detecting signals 
at particular vocal frequencies on a large number 
of different equipments, it was decided to make 
use of the general purpose observation equipment 
known as ESTOC (1). This equipment has already 
been used in other measurement campaigns (2). 
Outgoing international routes using the C.C.I.T.T 
N°4 signalling code have been observed as the 
signals appear at the level of the outgoing junc
tors in the form of easily detectable continuous 
electrical potentials. The equipment used has 
enabled the recording on magnetic tape of the 
detailed events characterizing the progression of 
each one of the calls using the observed route 
during the measurement period. 

In this paper we present the results obtained for 
4 routes (each one to a different country). For 
each route, we have been able to measure exactly 
the values of a certain number of parameters 
which characterize the quality of service offer
ed. The observatbn of each route during long per
iods has enabled the investigation of the depen-· 
dence of these diverse parameters on the traffio 
volume . and the time of day and we have derived 
an estimation of the dispersion of the measured 
values. 

Making use of the complete nature of the data 
obtained, we were able to simulate the results 
of the usual sampling methods used to estimate 
these parameters. It has therefore been possible 
to determine th~ estimation error for each one of 
them as given by the difference between the 
result of a simulated samplin~ operation and the 
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value of the exact measurement obtained for the 
same period. 

Knowledge of the estimation error is clearly of 
great interest since an already old recommenda
tion of the C.C.I.T.T. (4) advocates the obser
vation of real calls by operators and this has 
moreover, been the subject of theoritical studies 
by LE GALL (5,6). 

2 DESCRIPTION OF THE OBSERVATION CAMPAIGN 

2.1 THE OBSERVATION EQUIPMENT 

These observations have been made using the appa
ratus known as ESTOC. This is a general purp~se 
observation equipment for conducting investiga
tions in electromechanical switching centres(l). 

Under the control of a minicomputer, the electri
cal states of up to lC24 points are sampled eve
ry 10 milliseconds. A given point is defined to 
be in state 1 if its potential lies within a 
certain range. Otherwise, the point is in state 
O. ESTOC detects and records on magnetic tape the ·· 
changes of state of each point occurring between 
consecutive cycles together with their epochs. 
In fact, to limit the effects of parasitic poten
tial variations, a state change is only recogni
zed after confirmation on the following cycle. 
A state lasting less than 20 milliseconds may 
therefore be overlooked. However, with the usual 
operating times of electromechanical exchange 
equipment, this lack of precision does not repre
sent a serious limitation. 

Subject to a suitable choice of observation 
points on the exchange equipments, ESTOC is capa
ble of recording on magnetic tape all the neces
sary data for a subsequent detailed analys~s of 
the phenomena occurring in these equipments (2). 

2.2 THE PRESENT OBSERVATIONS 

The present observations relate to the setting 
up of international calls outgoing from the 
PARIS international centre on routes which use 
the C.C.I.T.T. N°4 signalling code. 

The data are collected from the outgoing junctors 
associated with the circuits of the observed 
route. The progression of /f!ach call passing by 
this route can therefore be followed individual
ly from the moment at which it appears on the 
junctor until this equipment is released. 

For this purpose, all the data appertaining to 
the signalling sequences which govern the setting 
up of the call have been recorded. This data is 
accessible in the form of impulsions on the ' 2 
transmit wires and the 2 re .. ~ive wires (e and m 
wires) of the junctor. To ensure the reliability 
of the observations and to facilitate the subse~ 
quent analysis of the results, it was decided t; 
build in a certain level of redundancy. Thus, 
in addition to the above 4 points per junctor, 
ESTOC was connected to 4 points more. 
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To follow the progression of each call, it is not 
sufficient to knm'1 simply the identities of the 
electrical signals of the C.C.I.T.T. N°4 code 
present on the line. It is necessary tb know , 
in addition, the phase of the call at which the 
signals occur in order to correctly determine 
their exact meaning. This requires that the 
progression of each call be analysed and descri
bed in terms of appropriately defined sequences 
-of phases. Each passage from one phase to another 
possible consecutive phase is caused by the 
occurrence of a certain number of possible events 
of which the only information we have is provi
ded by C.C.I.T.T. N°4 signals. These may, in 
certain cases, be insufficient to determine 
without ambiguity the conditions affecting a 
call(e.g. action of upstream time-outs,caller 
hang-up through impatience or on receipt of an 
audible tone or message ). 

Two main difficulties are then encountered: 
- The first arises from the fact that the signals 
coming from the distant incoming international 
switching centre are not always in conformity 
with C.C.I.T.T. specifications (8). This com
plicates their corra~ ' identification and, in 
certain cases (which are fortunately quite rare), 
even makes their detection impossible. The shor~ 
test signals in the C.C.I.T.T. N°4 code, having 
a nominal duration of 35 milliseconds (+ 20%), 
a~e binary numerical signals sent in the forward 
direction and the acknowledgment signals recei
ved from the distant international centre after 
the sending of each digit of called number. We 
have notic~d that occasionally, certain of the 
latter signals have, in fact, a duration of 
less than 20 milliseconds and while undetected 
by ESTOC, nevertheless cause the correct opera
tion of the exchange equipment. 
-The second difficulty is due to the fact that 
the distant national network may present quite 
different characteristics according to the coun
try called or even according to the exchange 
called within the same destination country. For 
example, the number received signal is sent by 
the distant international switching centre in 
circumstances which, while still being in con
formity with C.C.I.T.T. recommendations, are not 
uniform for all calls. Similarly, the incidence 
of network blocking may, according to the parti-
cular case, cause the sending of 'either the ' 
busy flash signal or the transmission _ of an au
dible busy tone or recorded ano~ncement. 

The principal phases which have been distingui
shed for the present investigation are the fol-
lowing: ' 
- Sending of ' the seizure signal by the outgoing 
junctor to the distant international switching 
centre. 
- Reception of the proceed to send signal cominE 
from the distant international centre. In the 
case where this signal is not received, two 
different circumstances may arise: 

reception of a busy flash signal, instead of 
the proceed to send signal; 
forced release by the action of an upstream 
time-out if no signal is received. 

- Identification of the caller's category, either 
subscriber or operator~ from the discrimination 
digit sent at the start of the called number 
signalling sequence. 
- The complete number signalling sequence. The 
end of this phase may be easily recognised only 
if the called country has a closed numbering 
plan. If not, it is necessary to postulate that 
the number is complete after the detection of a 
minimum number of digits. 
- Reception of the number received signal coming 
from the distant inernational centre. This signal 
indicates that the incoming international centre 
has received a sufficient number of digits to 
set up the call. 
- Called party answer signal. This determines 
an effe~~ivR call. 
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In addition, whatever the phase, the busy flash 
may be received from the distant international 
centre. 

3 RESULTS 

3.1 OBSERVATION OF ALL THE OUTGOING CALLS 

We have observed between mid 1977 and the end of 
1978, four outgoing routes each one in the direc- ' 
tion of a different country. We shall denote 
these routes by the letters A,B,C,D. Each route 
was observed for a period of around 30 days bet
ween the hours of 10 a.m. and 5 p.m •• The obser
vations corresponding to periods of impaired 
service on the outgoing route have been exelud~d 
from the statistical analysis. The signals recor
ded during the call setting up sequence enable, 
the called number to be reconstituted. It is 
therefore possible to determine how many digits 
have been sent to the destination country and 
whether the call is made by an operator or the 

. subscriber himself by analysis of the discrimi
nation code. 

Tables 1 and 2 relate to the observations made 
between the hours of 10 a.m. and 12 a~m., and 
3 p.m. and 5 p.m. which include the morning and 
afternoon busy hours. In these tables, certain 
entries are omitted where the categories are not 
applicable to the direction concerned. A rapid 
analysis of these results shows that directions 
A and C exhibit a high percentage of calls which 
do not receive the proceed to send signal. This 
result will be examined in detail later for dir
ection C. We note here simply that these two 
directions have similar characteristics: the 
high number of calls not receiving the proceed to 
send signal is probably due to to a lack of in
coming registers in the destination international 
switching centre. It may be noted that this per~ 
centage falls slightly in the afternoon but re
mains nevertheless high, while for these two 
directions, the number of effective calls remains 
constant throughout' _ t-h~ _day. This would tend to 
confirm that the traffic in the distant national 
network varies little during the day and that 
the bottleneck is to be found in the incoming 
international switching centre. 

The following rows of tables 1 and 2 relate to 
calls directly dialled by the subscribers. These 
percentages are therefore with respect to the 
number of automatic calls. It may be noted that 
for direction A, 25% of the calls are incomplete 
because of a technical fault. This corresponds 
to the cessation of sending'1>1 the outgoing inter
national centre in the absence of an acknowled
gment signal after the transmission of a digit. 
This is not a problem related to the traffic 
level since the percentage stays the same throu
ghout the day. 
The percentage of completely formed number is not 
given for direction B because this destination 
country has an open numbering plan. 
It is difficult to analyse the reasons for junc
tor release with or without the reception of the 
busy flash signal since it is not always known 
in which cases this latter signal is sent. For 
direction D, it may be thought that the receipt 
of the busy flash in the course of sending the 
called number is due to a difficulty encountered 
by the calls in gaining access to the destination 
national network. This is confi~med by the fact 
that this signal is r~ceived less than two seconds 
after the sending of a digit. An analysis of the 
first digits of the called national number has 
revealed that only those calls to destinations 
physically close to the international centre 
escape the busy flash signal; the other calls 
are directed towards a transit centre and it may 
therefore be thought probable that the bottleneck 
lies in the access to this centre. 
The percentage of number received signals varies 
widely for each direction. This is due to the 
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I 
!Direction A B C D 

!~============~~======~======~======*=====~ ! ! 
!Seizure Signals! 24668 6678 77418 73597 

! 
! 
!Missing P.S.S. 43 % 4 % 62 % 2 % 

!==============*=====~======~======*====== ! 
lLS.D. calls 13219 5806 27683 61838 

!Faults 25.0%! 5.0% 8.3% 9.4% 

!---------------~------~'~r.rr.rr.r~'------~-------, ,//////7, 
;Busy Flash du- 1.3% !IIIIIII! 5.1% 
~ring dialling !IIIIIII! 

14.8% 

'. I///////! 
;Suscrlber 1.7% !IIIIIII! 1.4% 
,mishandling !IIIIIII! 
, !7//////! 
;Complete 72.0% !III/III! 85.2% 
inumber ! I I I I 11 I! 

68.6% 

, !JJ7JJ//! 
;Busy Flash 20.0% !IIIIIII! 3.1% 
ibefore N.R.S. !IIIIIII! 0.1% 

, !III/I/I! 
;Release before 14.7% !IIIIIII! 6.0% 
iN • R• S• !/I/IIII! 

0.1% 

!N.R.S. 37.3% 78.0% 76.1% 68.4% 

, .. 
;Efflclency 
irate 

24.0% 25.0% 20.3% 20.0% 

Table 1 Overall results, 10.00 - 12.00 a.m. 

List of the abbreviations used in the tables : 

P.S.S. 
LS.D. 
N.R.S. 

Proceed to Send Signal 
= International Suscriber Dialled 

Number Received Signal 

1 
!Direction C D ! 

!---===========~~======~======*=======*=====~' ! 

A B 

!Seizure Signals! 19401 
! 

! 
!Missing P.S.S. 27.0% 

5868 

1.2% 

40994 64718 

26.0% 2.0% 

. !~==========~====~====~====+===== 
!LD.S. calls 

! 
!Faults 

13389 

26.6% 

5482 

5.0% 

28559 54393 

7.1% 9.3% 

!--------------~~------~!TTTTTTTT!------~-------, !l//7//7! ' 
;Busy Flash du- · 1.0% !IIIIIII! 7.4% '14.6% 
,ring dialling !IIIIIII! 
'S . !I/I//JJ! 
; uscrlber 1.1% !IIIIIII! 
,mishandling !IIIIIII! 
, !lJJll//! 
;Complete 71.3% !IIIIIII! 
,number !IIIIIII! 
, !ll///JJ! 
iBusy Flash 15.6% !IIIIIII! 
,before N.R.S. !IIIIIII! 
!,Release before !7777777! 

13.1% !I/IIIII! 
,N.R.S. !IIIIIII! 

! ! 
!N.R.S. 42.6% 77.0% 

1.7% 6.9% 

! 
83.8% !69.2% 

! 
2.8% !0.1% 

4.8% !0.2% 

76.2% !68.9% 

!--------------__ ~------~------T_------._------, .. 
;Efflclency 
irate 

26.0% 26.0% !18.3% 30.0% 

Table 2 Overall results, 03.00 - 05.00 p.m. 
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fact the number received signal is not always 
sent in the same circumstances. For direction A 
this signal is sent just before the call arrives 
at the level of the called party and this corres
ponds~ in average, to a delay of 12 seconds after 
the sending of the last digit. The percentage of 
calls . released after the end of sending the cal
led number is due to a non 'negligible number of 
forced releases caused by the action of a time
out in the originating international centre. For 
direction B, the number received signal is also 
sent around 12 seconds after the end of dialling 
and it may be supposed that the same phenomenon 
as for direction A is also felt here. 
In the case of direction C, this signal is sent 
on average, 4 seconds after the last digit and' 
less than 2% of these signals arrive more than 
10 seconds later. Direction D is quite different 
from the others in that the number received sig
nal is sent around 700 ~illiseconds after the 
sending of the called number. This explains why 
there is practically no difference in the res
pective percentages of complete numbers and num
ber received signals. 
The percentage of effective calls, or efficiency 
rate, is low for all four directions but it is 
not known for what reasons the calls fail after 
the sending of the number received signal. The 
observation equipment is not capable of recor
ding the audible tones present on the circuit. 
This is possible with the equipment known as 
OCTOPUS (7) which is equipped with tone detec
tion circuits but this latter is designed for 
the observation of suscriber lines and is not 
able to observe the exchange of international 
signals. 

3.2 ANALYSIS OF THE ABSENCE OF THE PROCEED TO 
SEND SIGNAL 

· We have examined in detail only direction C, di
rection A having different characteristicsr The 
results of this investigation are presented in 
Figures 1 and 2. Each point represents the ob
servation of the calls in one hour; the results 
cover the observations made throughout the day. 
Figure 1 shows the dependence of the percentage 
of missing proceed to send signals on the num
ber of seizure signals made on the route. The 
number of calls varies between 1000 and 4200 
per hour and the percentage of missing proceed 
to send signals varies between 6% and 74%. The 
figure shows that there is a strong correlation 
between the percentage of missing proceed to 
send signals and the number of calls observed • 
For this direction, a measurement of the number 
of seizures on the route enables a rough esti
mation to be made of the value of the percentage 
of these calls which do not receive the proceed 
to send signal. 
Figure 2 shows the dependence on the time of day. 
The abscissa gives the starting time of the ob
servation of one hour and each point represents 
the percentage of the calls observed in that . 
hour which do not receive the proceed to send 
signal. ,The curve joins the average values of 
this percentage for each hour. It may be noted 
that the minimum occurs between 2 p.m. and 3 p.m. 
with an increase after 4 p.m •• The figure shows 
that there is a very large dispersion about the 
mean of around 40%, much greater than that no
ted in figure 1. It follows that, for direction 
C, the time of the observation is not suffici
ent to determine the percentage of calls which 
do not receive the proceed to send signal. 

3.3 ANALYSIS OF THE EFFICIENCY RATE 

The abscissa of figures 3 and 4 is the same as 
for figure 1; the vertical axis gives the effi
ciency rate (the ratio of the number of effecti
ve calls tc the number of seizure signals) of 
the calls observed in the one hour periods. 
Figures 5 and 6 are similar to figure 2 with the 
efficiency rate as ordinate. 
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FIGURE 1 

Percentage of missing 
Proceed to Send Signals 
against number 
of Seizure Signals. 

Number /of Seizures 

FIGURE 2 

Percentage of missing 
Pr~ceed to Send Signals 
hour by hour. 
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Figures 3 and 5 relate to direction C. The effi
ciency rate is closely correlated to the number 
of calls observed as would be expected in view 
of the strong dependence of the efficiency rate 
on the percentage of calls without the proceed 
to send signal and the nature of the results 
given in figure 1. The variation of the efficien
cy rate with the time of day has the same aspect 
'as in figure 2 with a wide dispersion about the 
mean for a particular hour. 
Figures 4 and 6 relate to direction D. The results 
here are quite different. The points are very 
·widely dispersed and figure 4 reveals no corre-
lation between the plotted variable. It should 
be noted that the percentage of calls without the 
proceed to send signal is very small here (around 
2%) and hardly affects the considered dependence~ 
Figure 6 shows a fairly wide dispersion about a 
mean which varies only slightly from hour to hour. 
In examining the variation or the percentage of 
number received signals with the time of day, we 
have noted that the mean value of this parameter 
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is practically constant throughout the day. 

3.4 DISCUSSION OF THE RESULTS 

The purpose of traffic observations is to enable 
the · conditions of traffic flow to be monitored 
and to indicate what are the appropriate measu
res to be taken in the events of a bad quality 
of service. The measurements of the volume of 
traffic carried by a given route is of great 
importance but is not, by itself, ·sufficient. 
For e~ample, in the present observation campaign 
we have noted that while the load per circuit of 
route ' C varied between 0.5 and 0.6 Erlang, the 
efficiency rate varied widely. To increase the 
number of circuits would change nothing except 
to cause a deterioration in the quality of ser
vice in creating a supplementary ineffective 

I traffic for the common equipment of the origina
, ting international switching centre. It would 

seem to be essential to have a sound understan
ding of the observed direction in .order to be 
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abte to reduce the number of parameters which 
,'must be observed .continuously. For example, to 
evaluate the quality of service in the direction 
served by route e, it would ,be sufficient to 
count the number of junctor seizures ,~ : The measu
rement ;~ of all parameters would require a sophis
ticated observation equipment such as ESTOC, dif
ficult to manipulate and providing results in a 
form not immediately accessible to the operator. 
The data corresponding to the observation of dir
ection C during 3 days was sufficient to fill a 

:magnetic tape of 2400 feet. In the case of dir
ections Band D, the traffic carried and the pro
portions of calls finding the route busy are sig
nificant paramete~s. It is clear that for direc
tions of thii type, in the case where the route 
is overloaded, an increase in the number of cir
cuits will be beneficial and will remove the 
blocking phenomenon. 
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4 COr.1PARISON i-lITH OTHER OBSERVATION METHODS 

4.1 PRINCIPLES 

A large number of quality of service measurements 
are currently made by operators who observe one 
call at a time. Using the recordings of the data 
gathered for the different directions it has been 
possib~e to s~mulate the action of an operator 
observ1ng a g1ven route. We have also simulated 
the operation of an automatic equipment which 
would observe an arbitrary circuit of the obser
v:d route at f~xed sampling periods o~, say, 2.5 
m1nutes and Wh1Ch would follow the progression 
of one call at a time. The volume of data recor~ ' 
ded being very large, it might be of interest to 
observe one circuit of the route at certain pe
riods. However, instead of being limited to 
around 100 circuits as with ESTOC, the entire 
4000 outgoing circuits of an international swit
ching centre could be observed troughout the 
day. Another solution would be to position an 
observation equipment at a more central location 
such as the signalling auxiliaries or the exch
ange re~isters and to observe a fraction of the s e 
equipments. 

The observation methods inVOlving the periodic 
sampling of traffic intensities have been con
sidered from the theoretical view point, nota
bly in the work of IVERSEN (3). Theoretical con
siderations have been given to the observation 
by an operator of one call at a time in a paper 
by LE GALL (6). The operator observes a certain 
fraction of the traffic and only the cases of 
rejection caused by congestion of the route re
ceiving the considered traffic are taken into 
account. The present case is different: the 
causes of call failure are situated downstream 
of the observed route and are attributable to 
other traffic streams in addition to the one 
which is observed. Other routes arrive at the 
incoming international switching centre and con
tribute to the production of. overloads both in 
this centre and downstream. The traffic observed 
by the operator represents a negligible part of 
the total traffic volume carried in , the distant 
national network. 

The comparison of the different observation 
methods for the differents directions has enabled 

' the results obtained for these different direc
tions to be confronted with the reality and the 
validity of the methods to be justified. 
The seizures and their epochs being recorded on 
magnetic tape at their arrival instants, the 
action of the operator is simulated as follows: 
the progression of the first call to arrive is 
followed until the release of the junctor or the 
answer of the called party; after a pause of 5 
seconds, represen'ting the time taken to pass from 
one circuit to another, the next call to arrive 
is observed, and so on •••• If the call setting up 
time is tee long (greater than 2.5 minutes), this 
call is not taken into count and the operator 
passes to the next arrival. The automatic sam
pling is simulated as follows: the sequence be
gins as in the case of the operator but,instead 
of observing the following call, the next call to 
arrive after a lapse of 2.5 minutes from the time 
of arrival of the previous call is chosen. If the 
call lasts too long (more than 2.5 minutes) this 
call is discarded and the observation passes to 
the next arriving call. 

4.2 RESULTS 

The' results presented concern only directions 
C and D. The directions ' A and B are of the same 
types as C and D, respectively, and their results 
are similar. We have studied the differences 
between the values of the parameters observed 
by the operator or by the automatic sampling and 
their actual values as measured by ESTOC. 
Figures 7 to 8 are relative to direction e, the 
parameter being the percentage of calls with 
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missing proceed to send signal. In figure 7 the 
horizontal scale represents the number of sei
zures on all junctors of the route in a one hour 
observation period. The vertical axis gives the 
algebraic difference between the value observed 
by an operator and the real value obtained for 
the same period. A point on the figure relates 
to a period of one hour and represents the dif
ference between the percentage of calls with mis
sing proceed to send signal observed by the ope-

·rator and the same real percentage for a given 
number of seizures. A point corresponds to a 
sample of around 100 calls observed by operator. 
Assuming the calls are independantly drawn, the 
95% confidence interval of the considered sample 
may calculated making use of the normal approxi
mation to the hypergeometric distribution. The 
mean of the distribution is m=n.f where n is the 
number of observed calls and f is the observed 
proportion of missing proceed to send signals. 
The standard deviation is s= V n. f. (i-r5 and 

·the 95% confidence interval is (a,b) where 

4.0 

-2 
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-lI •• 

-12. 
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FIGURE 7 

Estimation error 
for missing Proceed 
to Send Signals. 

DIET'" C 

Accumulated calls 

FIGURE 

Accumulative estimation 
error ror missing 
Proceed to Send Signals. 

a=m-l.96.s and b=m+l.96.s • The proportion of 
missing to send signals corresponding to a and 'b 
may thus be calculated and compared with the exac
tly measured value. If the 2 points both . differ 
from the measured value in the same sense (both 
greater or both smaller), the independence hypo
thesis concerning the drawing of calls must be 
rejected. 
In figure 7 the differences are almost all con
tained between +8%. For each of the plotted points 
the confidence interval, not shown on the figu
re, is around 16%. Since the horizontal axis 
(difference =0) is included in the confidence in
terval associated with each point, we cannot draw 
any conclusion from these results. 
In figure 8 the different samples are progressi
vely accumulated, the final point representing 
the sample of calls observed by the operator out 
of the entire population of observed junctor sei
zures. One point is obtained from the previous 
one on adding the observation of one hour and 
calculating the new observed and actual percenta
ges of missing prnceed to send signals. 
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FIGURE 9 

Accumulative estimation 
error for the 
Efficiency rate • 
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FIGURE 10 

Accumulative estimation error 
for the Efficiency rat~ • 

BODARD / GUERINEAU-6 



The ficure shows the points obtained 'and the 
91% confi~ence interval, represented by the con
t1nuous 11nes. The horizontal axis gives the 
number of junctor seizures. After the accumula
tion of just a few observation periods, it may 
b~ seen th~t.the horizontal axis is clearly out
s1de the 11m1ts of the 95% confidence interval. 
~o~ the total observation period, the difference 
1S about 6% and the confidence interval is +1% 
about this value. It may therefore be concluded 
without doubt that the independence hypothesis 
of the drawing of calls is false. 
Figure 9 is identical to figure 8 except that 
the parameter for which the difference is plot
ted is the efficiency rate. The confidence inter
vals here are above the horizontal axis. 
It may therefore be concluded that, in the case 
of direction 'C, the method "of observation by 
operator underestimates the percentage of mis
sing proceed to send signals and overestimates 
the efficiency rate. The results relative to 
automatic sampling at fixed periods (2.5 minu
tes) are similar. We do not have enough room to 
give these results here. 

Figure 10 relates to direction D, the parameter 
considered being the efficiency rate as in fig
ure 9. For this direction the call failures 
occur in the distant national network and the 
causes are certainly of varied nature: f aults 
engaged or absent called party, rejections du~ 
to traffic flows other than that which is obser
ved. After the accumulation of several points 
the difference becomes very small and then re
mains very close to zero. The 95% confidence 
interval corresponds to a difference of +1%. For 
this di~ection it is therefore not possible to 
reject the independence hypothesis of the draw
ing of calls. 

4.3 DISCUSSION OF RESULTS 

The results obtained have shown that, for two 
directions for which the call failures occur at 
different points, the most appropriate measure
ment method may be different. The conclusions 
drawn by LE GALL (6) in relation to real call 
sampling methods are verified by these results. 
For direction C, where the source of call rejec
tions is at the level of the registers of the 
destination international switching centre, the 
sampling methods systematically overestimate the 
efficiency rate and underestimate the percentage 
of missing proceed to send signals. For direc
tion D, a sampling method gives unbiased results. 

Sampling methods should be used with precaution 
(except when used for maintenance purposes). 
One point in favour of this method is that a 
much smaller amount of data needs to be gathered 
and this enables observation to be made over a 
wider field. This does not remove the require
ment for an observation of all the calls when 
this is possible in order to determine the cha
racteristics of the observed direction. A real 
call sampling method can then be used and the 
results interpreted with allowance made for the 
direction characteristics. For example, a sam
pling method can be used for direction C knowing 
that the efficiency rate will be overestimated 
by 2% and the percentage of missing proceed to 
send signals underestimated by 6%, assuming that 
the sources of rejection have not changed! 

It must not be forgotten that an operator obser
ves only around 100 calls per hour for direc
tion C and D and that in this case, the inde
pendence hypothesis gives a 95% confidence in
terval of between 15 and 20%. In order to ob
tain a relatively high level of accuracy it is 
necessary that the operator observe for a long 
period but the variations in the values of the 
observed parameters may then be far greater than 
the uncertainty introduced by the sampling me
thod. Figure 2 shows that for the same hour, the 
percenta~es of calls with missing proceed to 
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send signals varied by up to 40% from one day to 
the next while the relative difference between 
the real value and the value observed by an ope
rator is 12%. 

In the case of direction A, we have simulated the 
observation method in which an operator observes 
only 10 circuits of the route. The results were 
very different from the exact measurements. The 
percentage of incomplete calls due to a techni
cal fault (missing acknowledgment signal) was 
much greater than that obtained in the observa
tion of the entire route. This shows that the 
obs~rv~tion of ~ust a part of the route is only 
val1d 1f there 1S not one or several junctors 
which have a behaviour different to the average 
for the route. 

5 CONCLUSION 

This investigation has illustrated several 
aspects which must be borne in mind when one 
aims to determine the quality of service on a 
given route. 

- The observation must be made over a relativelv 
long period in order to be able to determine v 

the dependence of the values of the parameters 
on the time of day and the number of junctor 
seizures. 

- It may initially be worthwhile to observe a 
variety of parameters in order to be able to 
localize the principal causes of call failures 
and to determine any correlations between the 
parameters. Subsequently, only the predeter
mined parameters need to be observed. 

- When it is not possible to observe the entire 
route, it is necessary to make sure that the 
observed circuits do not give results signi
ficantly different to those obtained by the 
observation of all the circuits. 

- When it is intended to use a real call sampling 
method, it is preferable to first compare the 
results obtained with the real values, in order 
totake account of systematic differences and, 
in fixing the minimal observation period, it 
is necessary to bear in mind the desired 
degree of accuracy. 

- To improve the accuracy of the sampling method , 
several circuits may be observed simultane
ously by several operators or by an automatic 

· recording device (unlike the one consider~d in 
this paper which observes one circuit at a 
time) • 

This investigation concerns only four directions 
because of the objectives which we set ourselves: 
it was necessary to observe directions for 
which all circuits use the C.C.I.T.T. N°4 signal
ling code, in order to be able to observe the 
signals at the level of the junctors, since the 
equipment ESTOC is not able to detect V.F. sig
nals. The observation by this method, of routes 
using the R 2 code, would not have enabled us 
to determine all the parameters which we wanted 
to observe ' and, by connecting ESTOC to a more 
central location, it would not have been possi
ble to observe all the calls in a given direc
tion, because there are too many equipments to 
be observed simultaneously. 

In the case of electronic international outgo
ing switching centres, the ob~ervations may be 
made more easily and a certain number of para
meters are, in fact, output on a regular basis. 
It may, however, be necessary to observe certain 
parameters which are not easily available at the 
level of the control processor and, in such a 
case, a sampling method may be consideren with 
the aim of redUcing the time spent by the pro
cessor in ca lculating the various results. 
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