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Summary 

The paper considers to what extent the 
proposals arising from the work being done 
in CCITT On traffic recording might be 
applicable to measurement procedures for 
the British Telecom network. It concludes 
that the concept of busy season and measure
ment day are not attractive, and 
introduces an alternative method for 
dealing with partial records. 

1 Introduction 

In the work programme for the current study 
period of CCITT Study Group 11, Question 
19/11 entitled "Methods and procedures for 
traffic measurements" notes that: 

"It is realized that although the 
question addresses itself to the 
international exchanges and links, the 
new or revised Recommendations arising 
from work in the plenary period 
1981-1984 on this Question may be able 
to be used by national telephone 
organizations and in fact they may wish 
to apply these Recommendations to their 
own national networks". 

This paper reports on some preliminary results 
of an examination of traffic behaviour in 
the United Kingdom and considers to what 
extent the proposals emanating for the 
Working Party's deliberations are useful for 
the inland network in that country. 

2 The records being studied 

As part of a reappraisal of teletraffic 
models British Telecom has been taking 
records at two local exchanges and their 
associated trunk switching centres since 
1978. Alston recorders were installed at 
both sites and records have been collected 
on magnetic cartridges for subsequent editing 
and processing off-line. These records are 
of the traffic carried and the calls carried 
on each incoming route, and on each 
originating group, as well as similar 
observations on groups of registers and 
selected internal switching stages. Records 
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on most circuit groups have been collected 
since 1978 on the weekdays Monday to Friday 
including public holidays, and latterly at 
the weekends as well, on Saturdays and 
Sundays '. 

3 Frequency of recording 

With the advent of processor controlled 
switching machines and of microprocessor based 
recording devices the notion of continuous 
recording of traffic data becomes increasingly 
attractive . There has, as a consequence, been 
a good deal of effore expended in devising 
procedures for determining design levels of 
traffic based on a record of time-consistent 
busy-hour measurements for the whole year. 
However, achieving a complete record of all 
busy-hours for the whole year is not without 
its problems. 

"An average of N busiest days load for 
a year can be easily obtained through 
day-to-day continuous measurements. 
However highly reliable measuring and 
recording equipment and many skilled 
maintenance workers are required in order 
to guarantee the continuous measurement 
accuracy". 

Nippon Telegraph & Telephone Public 
Corporation 

Table 1 shows in respect of the British Telecom 
measurements for the four-year period July 1978-
June 1982 the number of weekdays in each 
12 months for which good records are available. 
This reinforces the Japanese opinion that there 
are practical difficulties in ensuring a 
complete continuous record. 

4 The use of a busy season 

Where it is not practicable to measure for the 
whole year it has been proposed that 
measurements should be made in the "busy season". 

"The length of the busy season is 
determined. As a guide, the busy season 
consists of those months of the year 
which are distinctly busier than the 
remaining months. It is suggested that a 
maximum busy season length in the order of 
three months (not necessarily consecu~ive) 
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may be typical. The determination of busy 
season may be effected on the basis of 
accounting data if no other data is 
available" . 

Bell Northern Research, Canada. 

Figures 1-3 show for three trunk routes the 
distribution of the busiest days over the days 
of the week and the weeks of the year. It is 
British Telecom practice to record for three 
time-consistent busy-hours chosen one from the 
morning, one from the afternoon and one from the 
evening periods when different charging rates 
are used. As it turns out, in the three examples 
illustrated, the first route has a dominant 
morning busy hour, in the second the afternoon 
predominates, whilst in the third it is the 
evening. These routes are typical of many in 
the United Kingdom, which exhibit no well 
defined busy season in that one can select the 
candidate weeks in advance with any great 
confidence. 

We note the observation with regard to Japan: 

"Accuracy for estimating traffic load 
levels based on the busy season method .. 
.. .. is poor in Japan which has no 
distinct busy season". 

NTT 

Where traffic records are not available it has 
been suggested that the busy season could be 
chosen using other information. One 
possibility might be that call count records 
exist. It must be remembered however that 
when call charging rates differ during the 
day then holding times may change 
significantly and busy hours for calls and 
traffic may differ very markedly. This is a 
very common phenomonon on many trunk routes in 
the United Kingdom where peak traffic occurs 
during the evening cheap rate period but peak 
calls occur during either the morning or 
afternoon periods when charges are higher but 
business is active. Table 2 shows, to 
illustrate this point, the distribution 
amongst the three busy-hours in the day of the 
highest values of traffic and calls carried for 
one trunk route. Figure 4 shows for another 
route and just one 12 month period the actual 
values of calls carried in the 50 busiest hours 
chosen by traffic and busiest hours chosen by 
calls. 

5 Choice of recording days 

It is the usual practice in many countries to 
measure traffic flow on some selected days of 
the year. In the United Kingdom it is 
recommended that records should be taken on 
the five working days of a week at roughly 
monthly intervals so that there will be 
12 records a year in the three periods of the 
day mentioned earlier. In contrast, in Japan 
traffic is measured 
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"only on a specified week-day of each 
month called a 'measurement day' (M-day) 
which is generally the second Tuesday". 

NTT has found that the average of the 12 M-days 
traffic is nearly equal to "an average of 
year-long traffic" and has proposed that the 
measurement day be chosen thus: 

"The day of the week which has the 
smallest coefficient of variation should 
be selected in order to make the 
estimation error smallest when the 
average year-long traffic is estimated 
by the average M-day traffic at the 
observation offices". 

When special investigations to choose the 
measurement days are not practicable then it is 
recommended that the second Tuesday in each 
month be chosen, 

The proposal to choose a particular day of the 
week leads one to consider whether differences 
between the days of the week can be or should 
be ignored. Extensive analysis some years 
ago /1/ showed that there are frequently 
significant differences between the levels of 
traffic on different days of the week. Tables 
3-6 show examples from the present study of 
the results of the analysis of the rank 
orderings of the daily traffics in all valid 
weeks having recorded values for 5 working days. 
Using the Friedman Rank test /2/, which is a 
rank analogue to a 2-way analysis of variance, 
and which is non-parametric, it will be seen 
that departures from the assumption of equal 
intensities on all days of the week are 
highly significant. The same marked differences 
between days have been found for other traffic 
classes and for other individual routes although 
there are some which do not display this 
characteristic. 

It is concluded that to choose just one day of 
the week for measurement in such circumstances, 
could lead to important errors in provisioning. 

6 Choice of the n busiLGt days from a 
partial record 

Much effort has been devoted to the estimation 
of the n busiest days of the year from a 
partial re r ord for that year. Since the 
partial record is incomplete some coefficient 
of adjustment must be introduced. The value 
of this coefficient is determined from 
analysis of data and the question then arises 
as to its stability in time with regard to the 
routes or classes of traffic and also the 
degree of confidence with which it can be 
applied to other routes. With regard to this 
first point of stability in time this applies 
too to the concept of time consistent busy 
hour when it is used to limit the amount of 
recording in anyone day. As for the second 
point or what can perhaps be termed stability 
in space it is possible that some form of 
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classification based on the principal components 
analysis described in {4_1 could be used. 

Again in order that the procedures shall 
not become unduly cumbersome it becomes an 
objective to have as few alternative choices 
of coefficient as possible. 

6.1 Use of the Normal distribution 

Because of the depth of statistical know
ledge of the behaviour of the Normal 
distribution many of the proposals for 
the use of a partial record of the year's 
traffic are centred round that distribution. 
For the traffic flows of any particular 
country it is therefore appropriate to 
test how far this model is valid. There 
are several tests which can be used to 
test whether a sample might reasonably 
be assumed to have stemmed from a Normally 
distributed population. The test we have 
preferred to use is Shapiro and Wilks W 
Test {3_1. 

Table 7 shows the results for just one class 
of traffic observed for one year and the 
summary which appears in Table 8 shows that 
in this instance the assumption of Normality 
for the traffic in 4 week periods is justified. 
With the advent of the extension of this test 
to much larger sized samples (see Appendix) 
it is intended to examine whole year distribu
tions both for all days and for specific 
weekdays. 

7 A possible alternative approach 

Figures 5- 12 show for selected classes of 
traffic and calls the ordered distribution 
of observed values. Figures 5-11 are concerned 
with the 50 highest values for each of the 
4 years of records available whilst figure 
12 shows for one year only the ordered distribu
tion of all values. 

Considering figure 12 the shape is remarkably 
consistent for a variety of classes of traffic 
and for routes. Where this is true, if one 
discards the known very low days and the very 
high days could one not make use of the slope 
of the main body of observations and choose 
operating points on this fitted linear curve 
for load determination? Turning now to figures 
5-11 and again ignoring the highest values, 
usually 1-10, the parallelism of the curves 
for the different years lends support to the 
proposal regarding figure 12. Further work 
is to be done on the use of a partial record 
for predicting this linear curve, and it will 
be reported as soon as completed. 

8 Concluding remarks 

This paper has considered the possible use 
of CCITT proposals for traffic recording when 
applied to the United Kingdom network . The 
approach has been to illustrate, by reference 
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to particular examples, the problems which could 
arise: it has not been intended to be a 
conclusive rebuttal of or acquiescence t o 
the proposals. That would a task for my 
colleagues of British Telecom Teletraffic 
Division . However, knowing that for some years 
yet it will not be possible to envisage general 
whole year records in the UK network, I conclude 
from the work done so far that recording on just 
one day of the week would be unsatisfactory, 
that the concept of busy season does not look 
very useful , and that by eliminating the highest 
of the ordered values a more stable estimator 
of normal load seems likely to emerge. 
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Appendix A note on the Shapiro and Wilks 
W Test 

The test statistic W was constructed by consider
ing the regression of the sample order statistics 
on corresponding normal order statistics which 
for a sample from a normally distributed popu
lation is linear. The test statistic is obtained 
as an F-ratio from generalized least-squares 
analysis to judge the adequacy of the linear 
fit. This ratio is both scale and origin 
invariant so that the statistic is appropriate 
for a test of the composite hypothesis of 
normality. 

Until recently however, a major drawback to 
the use of this statistic was that it could 
not be used for samples larger than 50. Royston 
[5_7 has now described how the use of the IJJ 
statistic may be extended to samples of up 
to 2000. 

PERIOD 
EXCHANGE EXCHANGE 

A B 

July 1978 - June 1979 231 245 
July 1979 - June 1980 257 255 
July 1980 - June 1981 252 242 
July 1981 - June 1982 249 250 

Table 1 Number of weekdays with satisfactory 
records. 

ORDERED VALUES 
YEAR 

1-10 1-30 1-50 

M I A 
I ) 1 M 'A \ E M A E 

Traffic 0 0 10 0 0 30 0 0 5C 
1978-79 

Calls 3 6 1 7 19 4 11 33 6 

Traffic 0 0 10 0 0 30 0 o 50 
1979- 80 

Calls 4 4 2 9 18 3 12 33 5 

Traffic 0 0 10 0 0 30 0 0 50 
1980-81 

Calls 3 7 o 8 20 2 14 31 5 

Traffic 0 0 10 0 0 30 1 o 49 

Calls [- 4 o 11 19 0 13 35 2 

Table 2 Exchange A Trunk route to C 

Temporal location of the highest values of traffic 
and calls carried in the morning (M), afternoon 
(A) and evening (E) time consistent busy hours. 
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IYEAR 1 QUARTER NO OF 1 

WEEKS i K PR08 ~ K) RANKED DAYS 

1979 i 1 9 

I 
23.82 0.99991 M W Tu Th F 

1 2 1 9 17.5Blo.99B5 1 M Tu W F Th 

I I I I I 3 9 26.44 0.99997 M W Th Tu F 

I 
1 4 1 11 1 19.64 1 0.9994 M W Tu Th F 

I I I 13.60 I 0.99990 
1
1980 1 12 M F W Th Tu 

! 
I 

2 9 23.821 0.99991 M Tu W F Th 

3 12 26.78 0.99998 M Tu W Th F 

4 12 25.27 0.99996 M W Th Tu F 

1981 1 11 17.91 0.9987 M W Tu Th F 

2 7 14.66 0.9945 M W Tu F Th 

3 12 20.70 0.9996 M Tu W F Th 

4 12 26.55 0.99999 M W F Tu Th 

1982 1 10 13.38 0.9904 M W F Tu Th 

2 5 10.40 0.9658 M Tu F W Th 

Table 3 Local exchange A - total traffic 

Friedman Rank Test for differences between days 

Traffic Carried 0915-1015 

YEAR QUARTER 
NO OF 

K PR08 (~K) RANKED DAYS 
WEEKS 

1979 1 11 6.62 0.8426 M W = F Tu Th 

2 9 12.11 0.9834 M W Th F Tu 

3 9 9.18 0.9432 M Tu W F Th 

4 11 3.47 0.5175 Tu W M Th F 

1980 1 12 4.80 0.6916 Tu F M W Th 

2 9 1. 47 0.1681 M = F Tu W Th 

3 12 7.55 0.8905 Tu = W M Th F 

4 12 3.35 0.4990 M Tu W Th F 

Table 4 Trunk Exchange A Route to G 

Friedman Rank Test for differences between days 

Traffic Carried 0915-1015 
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YEAR QUARTER INO OF 
JWEEKS I K IPROS ('K)IRANKED DAY S 

i i 
1979 1 

I 
11 

I 
11,8710.9817 . IM W F Tu Th 

I 2 9 I 1 W Th = F TJ 

I I I 
20.53

1

0.9996 I' 
3 9 6.49 0.8346 M F W Th Tu 

4 1 11 1 5.87 10.7909 IM Tu W Th F 

1980 1 I 12 I 12.0710.9832 I, Tu Th F W 

2 ! 9 I 5.96 10.7978 IM Tu W Th F 
i 

I 

I 

I 
i 

12 12.80 0.9877 IM Tu Th F W 3 

4 12 l 13.80 0.9920 M Tu Th W F 

Table 5 Trunk Exchange A Route to G 

Friedman Rank Test for differences between days 

Calls Carried 0915-1015 

YEAR QUARTER NO OF K PROS (-S.K) RANKED DAYS WEEKS 

1979 1 12 6.03 0.8031 W Th Tu F M 

2 9 3.80 0. 5663 W Th M Tu F 

3 9 4.11 0.6087 M W Th Tu F 

4 12 10.67 0.9695 ~ Th Tu M = F 

1980 1 12 4.32 0.6356 W = F Th M Tu 

2 8 6.08 0.8067 W M Tu F Th 

3 12 8.87 0.9356 M Th Tu W F 

4 12 2.42 0.3410 M W Tu Th F 

Table 6 Trunk Exchange A Route to C 

Friedman Rank Test for differences betweeD days 

Traffic Carried 1815-1915 

• 
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I' I I TRAFFIC I I I CARRIED SHAPIRO-WILKS TEST 
! I NO OF I I (ERLANGS) 

i WEEKS I MEAN I STAN- I 
DAY S 
INCLU-I 

1 

1 

I 
I I ~::~A-I DEO I W SIGNIFICANCE 

I TION 

1 

- 41
334

.
D

I 
13.84 

I 

14 

I 
D.9577 

1 

NS at 50% 

5 - 8 338.0 16.09 20 0.9525 NS at 10% 

9 - 12 
1

346
.
1

1 
12.83 1 20 0.9823 NS at 90% 

13 - 16 346.3 7.63 17 0.9517 NS at 10% 

17 - 20 341. 6 12.35 19 0.9877 NS at 98% 

21 - 24 343.2 10.82 18 0.9640 NS at 50% 

25 - 28 342.4 9.84 20 0.9870 NS at 98% 

29 - 32 329.9 13.28 20 0.9703 NS at 50% 

33 - 36 342.9 13 . 08 19 0.9277 NS at 10% 

37 - 40 348.6 4.56 5 0.8951 NS at 10% 

41 - 44 344.0 11. 05 19 0.9639 NS at 50% 

45 - 48 348.8 9-.15 20 0.9456 NS at 10% 

49 - 52 337.7 14.75 15 0.9555 NS at 50% 

Table 7 Total traffic outgoing to the Main 
Network from Exchange A during the 
time-consistent busy hour 0930-1030 
for 1979. 

Note 1: 

Note 2: 

All public holidays and Christmas week. 
were excluded as were the Tuesdays 
following the Easter and Spring Bank 
holidays. 

Small values of Ware significant ie 
indicate departures from normality. 

RANGE OF SIGNIFICANCE OBSERVED EXPECTED 
% 

o - 10 0 1.3 
10 - 50 5 5.2 
50 - 90 5 5.2 
90 - 98 1 1.0 
98 - 100 2 0.3 

Table 8 Summary of results of W test from 
Table 7 . 
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Distribution of the 50 highest daily values fo~ 
the time-consistent busy hours - trunk route 
A to G. 

Fig 1 

Distribution of the 50 highest daily values for 
the time~consistent busy hours - trunk route A 
to N. 

Fig 2 

Distribution of the 50 highest daily values for 
the time-consistent busy hours - trunk route 
A to C. 

., .... '.I--"_\.: 

::- ~. I~::::~ ~\ 

Exchange A 

Fig 3 

Si 

Calls carried on trunk route to exchange S 
Distribution of 50 highest values in 12-month 
period 1978-79 compared with ordered values 
corresponding to 50 highest traffic values. 
Time-consistent busy-hours. 

Fig 4 
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Exchange A 
Traffic outgoing to Main Network 
Distribution of 50 highest values in each 12-
month period. 
Time-consistent busy-hours. 

Fig 5 
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Calls carried (aaa's) outgoing to Main Network. 
Distribution of 50 highest values in each 12-
month period. 
Time-consistent busy-hours. 

Fig 6 
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Traffic carried on trunk route to exchange C 
Distribution of 50 highest values. 
Time-consistent busy-hours. 
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Traffic carried on trunk route to exchange S. 
Distribution of 50 highest values. 
Time-consistent busy-hours. 
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Exphange B 
Traffic outgoing to Main Network. 
Distribution of 50 highest values. 
Time-consistent busy-hours. 

Fig 9 
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Exchange B 
Calls carried : (OOO's) outgoing to Main Network. 
Distribution of 50 highest values. 
Time-consistent busy-hours. 

Fig 10 
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Exchange B 
Traffic carried on trunk route to exchange L. 
Distribution of 50 highest values. 
Time-consistent busy-hours. 

Fig 11 
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Exchange A 
Traffic outgoing to Main Network. 
Distribution of all TCBH values. 

Fig 12 
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Summary of Questions/Answers 

Date: 09 June 1983 

Session: 1.4 

Paper: 7 

Q.l (Joseph K.C. Leung) 

The choice of recording days in the united Kingdom as mentioned 
in Paragraph 5 refers. 
Could equal inte.nsities on all weeks of the month be assumed? 
Is there any study to check whether differences between the 
weeks of the month can be or should be ignored? 

A.l (A.C. Cole) 

Currently the particular weeks when measurements are made 
are chosen fO'~ operational ·convenience. There ~s nothing in 
the results of this study . so far which suggest that there 
are systematic differences between 'weeks of the month provided 
one omits those weeks containing public holidays. Hence 
one may argue that whilst incomplete records continue it is i. 1, 

• 

not unreasonable to' continue the arbitrary selection of the • 
weeks. 

Q.2 (J.G. Kappel) 

As a result of your current studies, what if any .changes 
would you suggest in the CCITT study group 11 recommendations? 

A.2 (A.C. Cole) 

The study was directed more to the consideration of proposals 
now being considered by CC1TT. Certainly in the ·UK we do not 
find the significan~ seasonal variations exemplified by the . 
paper of Mme. Passeron. Again there are invariably significant 
differences between days of the week, with the day which is 
highest differing for different routes. Therefore any 
procedure which depends on busy seasons or particular days 
of the month would be unsatisfactory to implement in networks 
having traffic distribut~ons comparable with those of the U.K . 

• 


