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ABSTRACT 
Traffic peaks due to day-to-day variation 

very rarely appear simultaneously on differ-ent 
links, especially in countries where there is no 
evident busy season. Taking this fact into 
consideration, new methods for engineering 
telecommunications networks have been studied that 
are based upon quantitative data analysis. 
(1) Traffic carried in a circuit group is in most 
cases composed of traffic parcels with different 
destinations. In such a case, basic traffic (a 
parameter extracted from yearly traffic distribu
tions, for dimensioning purposes) for the circuit 
group is lower than the sum of basic traffic for 
the component parcels. Correct evaluation of 
basic traffic can lead to a reduction in circuit 
group size. 
(2) On backbone tandem links, the days when traf
fic peaks occur differ according to the links. 
Therefore, from a grade-of-service homogeniety 
point of view, blocking probability objectives for 
traverse final links should be lower than the sum 
of the objectives for bypassed backbone links. 

1. INTRODUCTION 

Telecommunications network facilities are 
dimensioned based on estimated traffic-offered 
such that the service will meet prescribed grade
of-service (GOS) standards. Traffic-offered is 
generally subject to a variety of variations. 
These include within-hour variations which are 
dealt with as peakedness (non-random) or non
stationary processes; within-day (or hour-to-hour) 
variations; day-to-day (or seasonal) variations; 
and trends (or growth). Measurement error and 
forecasting error can also be dealt with in the 
same manner as variations in dimensioning (1). 

Up to now, many dimensioning methods that 
take some types of variations in traffic into 
consideration have been proposed for facility 
groups. However, there are yet few dimensioning 
methods that deal with traffic variation 
difference among circuit groups. Multi-hour 
engineering, which treats within-day variation 
differences among circuit groups (2) (3) (4), is an 
example of such dimensioning methods. 

This paper reports on the results of studies 
into a new dimensioning method which takes day-to
day traffic variation difference among circuit 
groups into account. 

In Sect. 2, the problems to be studied in 
this paper are clarified. In Sect. 3, grade-of
service standards are reviewed. In Sect. 4, the 
results of an analysis of day-to-day traffic 

variations are presented. In Sect. 5, basic 
traffic is looked at over a circuit group where 
there are several traffic parcels. In Sect. 6, 
the principle for selecting standard GOS values 
for traverse final groups is discussed. In 
Sect. 7, synthesis of traffic variations on a 
circuit group is viewed as a sample application of 
the techniques discussed in the paper. 

2. PROBLEMS TO BE SOLVED 

In this paper, differences in traffic 
variation mean that traffic peaks rarely appear 
simultaneously in different circuit groups. In 
general, when traffic-offered is grouped according 
to its attributes (e.g. destination, day of the 
week, business or residence), the variation 
profiles for traffic parcels differ from each 
other. In order to dimension facilities in such a 
manner that these traffic variation differences 
are taken into consideration, the following 
problems must be solved. 

(1) When each day's traffic differs a priori 
according to its attribute, how is the yearly 
traffic distributed? 
(2) When several traffic parcels are combin
ed, how is the total traffic distributed? 
(3) For an alternate routing network, what 
dimensioning method for high-usage groups 
results in the most economical network? 
(4) In order to establish a homogeneous GOS 
for all end-to-end traffic, what standard 
values should be assigned for traverse final 
circuit groups? 
Though the necessity for the study of day-to

day variation differences has been pointed out in 
several papers (3) (5) (6), no dimensioning method 
that takes those differences into account has yet 
been proposed. Recently, traffic variation has 
been analyzed in detail for the study of GOS two
point (or dual) specifications (7). Through the 
analysis, problems concerning dimensioning methods 
that are based on variation differences have now 
become apparent. 

The major difference between hour-to-hour and 
day-to-day variation is that: 
(1) The number of candidate busy hours in a day is 
ordinarily 2 or 3 (Le. roorning, afternoon and 
evening). The number is at most about 6 even in 
a big country where there are several standard 
hours (4). Therefore, dimensioning methods (e.g. 
multi-hour engineering) can be based on traffic 
data for all significant hours. 
(2) The number of high load candidate days is 
about 250 in a country where there is no evident 

Session 1.4 rTC-10 Paper #5 



busy season. It is impossible to dimension 
facilities considering traffic data from so many 
days. It is also impossible to gather so many 
data. Therefore, dimensioning methods inevitably 
become statistical. 

In this paper, only traffic in erlangs is 
considered, because the dimensioning subject is 
limited to circuit groups. There are similar 
variation difference problems in common resources 
for switching sys terns. In such a case, traffic 
needs to be considered according to the number of 
calls. For ease of explanation, traffic varia
tions other than day-to-day ones are ignored. 
That is, busy hours are considered to be time con
sistent, and traffic to be stationary Poissonian 
within busy hours. 

3. GRADE-OF-SERVICE STANDARD 

There are many GOS specification methods. 
Typical ones are as follows. 
(1) To guarantee a GOS level, except for N days 
per year, as an average. That is, the expected 
number of days when the GOS drops below the 
standard value (e.g. blocking probability B=O.Ol) 
is less than N (e.g. 12 days). 
(2) To guarantee a GOS level for a load level 
defined as the mean of the 30, 10 or 5 highest 
working days during a 12 month period (see CCITT 
recommendation E.500). The largest defect of this 
specification method is that no GOS value can be 
specified for calls which employ two or more 
resources. 
(3) To guarantee an average GOS during the 30 
highest days in a year (see CCITT recommendation 
E.521). This method is valid only in countries 
where there are evident busy seasons. 

The authors adopted the first specification 
because it best fits the subscriber point-of-view. 
A detailed comparison of each method is presented 
in Ref. (7). 

Using this GOS specification, a direct 
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circui t group from an end office to an end office 
can be sized only by means of the estimated N-th 
highest day traffic level. This traffic level 
will be referred to in this paper as basic 
traffic. Measured traffic data are processed to 
yield basic traffic. As a result, traffic with 
yearly variation can be expressed by one repre
sentative value. Design using basic traffic is 
sufficient for international networks where most 
traffic is carried by direct final groups and 
there are few high usage groups. However, in the 
case of alternate routing networks, a more 
economical network can be obtained by considering 
the amount of variation differences other than 
basic traffic. It would be attractive to develop 
a dimensioning method for transit links using 
basic traffic data from individual links and 
statistical variation data from many links. 

Recently, end-to-end GOS has been the sub
ject of many papers (8). However, none of them 
have considered differences in variation profiles 
among tandem links. End-to-end GOS can be more 
properly evaluated through consideration of them. 

4. ANALYSIS OF DAY-TO-DAY TRAFFIC VARIATION DATA 

Measured variation data were analyzed for the 
purpose of the studies in the following sections. 
The analysis was carried out using time-consistent 
busy hour traffic for about the 250 working days 
in a year which are considered to be high load 
candidate days. The same approach was employed as 
those analyses of busy season data presented in 
Ref s. (6) and (9). However, the results are a 
li ttle diffe rent. Design me thods vary according 
to country, just as traffic variations do. 

4.1 YEARLY COEFFICIENT OF VARIATION IN A CIRCUIT 
GROUP 

Figure shows examples of the relation 
between the coefficient of variation (CV) in the 
first half of a year and the CV in the second half 
of the year for many circuit groups. It can be 
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seen that the CV is particular to each circuit 
group. In Ref. (10), the relation between CV and 
average, M, was approximated by 

cv = 0.36 M-0 •2l • 

However, Fig. 2 shows that the CV scatter widely 
over M and that it is unreasonable to tie the CV 
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and M together. It may be a practical solution to 
classify day-to-day variations into no, low, 
medium and high levels not according to average 
traffic but according to circuit group traffic 
composition, as CCITT recommendation E.S2l 
suggests. 

4.2 ESTIMATION OF BASIC TRAFFIC 

Figure 3 shows the relation between yearly CV 
and quantity (basic traffic A)/(yearly average 
traffic M)-l. The figure implies that the CV is 
an effective parameter for calculating A. That 
is, A can be closely estimated by 

A = M(l+k·CV), 
where k is a constant, 

and traffic 
described by 
Fig. 3 gives 

variation for a circuit group is 
M and CV. Linear regression in 

the value k=1.7l. Assuming normal 
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distribution for the yearly traffic distribution, 
k=1.65. This difference means that the tail of 
the actual distribution is longer than that of the 
normal distribution. 

4.3 TRAFFIC VARIATION DEPENDING ON THE DAY OF THE 
WEEK 

Figure 4 is an example of the traffic distri
bution in a circuit group for each day of the 
week. Figure 5 presents the ratios of average 
traffic on each day of the week to yearly average 
traffic, averaged over many circuit groups. These 
figures demonstrate the existence of differences 
among averages for days of the week, while Fig. 6 
shows that the CV for a specific day of the week 
roughly coincides with the yearly CV. 

4.4 DAY TO DAY TRAFFIC VARIATION IN TWO OUTGOING 
CIRCUIT GROUPS OF AN EXCHANGE 

Figure 7 is an example of day-to-day traffic 
variation in two outgoing circuit groups of an 
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exchange. As can be seen in this figure, high 
loads generally appear on different days. The 
correlation coefficient, p, between circuit groups 
x and y, is written as follows. 

= 1:. f= (ax(t)-mx\ (ay(t)-my \ 

p xy T t \ Sx J \ - Sy) , 

where T: number of high load candidate days 
in a year, 

a (t): time consistent busy hour traffic 
on t-th day, 

m: average of aCt), 
s: standard deviation of aCt). 

The values of p were about 0.2 to 0.5 (average 
0.3388) among the nine circuit groups of an 
exchange. This can be seen in Table 1. Those 
value are a little larger than the ones given in 
Rei. (6) for overflow traffic, where the average 
p=0.189 and 0.0358, depending on destinations. 
This difference may be due to differences in 
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Fig.7 - Day-to-day traffic variations for two outgoing circuit groups of an exchange 

Urawa Omiya Kawa- Soka Soka Kawa- Yoko- Atsu-
guchi TS LS goe hama gi 

Omiya LS 0.2519 

Kawaguchi TIS 0.2897 0.4171 

Soka TS 0.2342 0.2406 0.4467 

Soka LS 0.2857 0.2984 0.4230 0.4797 

Kawagoe TIS 0.0864 0.3134 0.5040 0.3651 0.2011 

Yokohama LS 0.3371 0.3452 0.4619 0.3034 0.3417 0.2318 

Atsugi TIS 0.2519 0.3924 0.4220 0.2091 0.2270 0.2831 0.2346 

Ichikawa TS 0.3109 0.4027 0.5532 0.4792 0.5038 0.3097 0.3887 0.4709 

TIS: Toll Incoming Switch, TOS: Toll Outgoing Switch, TS: Toll Switch, 
LS: Local Switch 

Table 1 - Correlation coefficients for outgoing circuit groups of Kuramae TOS 

rI'C-10 Paper #5 
• 



analyzed traffic, i. e. one case is fo r traffic
offered to high usage groups, and the other is for 
overflow traffic from high usage groups. 

4.5 CORRELATION COEFFICIENTS BETWEEN TANDEM LINKS 

Between tandem links, correlation coeffi
cients were about 0.4 to 0.5 (average 0.4245) for 
the examples shown in Table 2. 

circuit groups I r 

from Nagoya TTS to Ichinomiya TIS

1

iO.4584 
Kariya TS 0.4809 
Nishio TLS 0.4271 
Okazaki TIS 10.2929 
Toyota TIS 10.4477 
Tajimi TS 10.4216 
Nagoya TIS 1'0.3846 
Kikui TIS 0.5006 
Atsuta TIS 0.4063 

TTS: Toll Transit Switch 

Table 2 - Correlation coefficient, r, for a group 
from Osaka TTS to Nagoya TTS, and groups from 
Nagoya TTS to the listed switches 

5. BASIC TRAFFIC FOR A CIRCUIT GROUP 

Until now, the basic traffic for a circuit 
group has been calculated as the sum of the basic 
traffic for component traffic parcels. However, 
basic traffic for a circuit group is ordinarily 
smaller than the sum of the basic traffic for its 
components, because the component peaks do not 
necessarily coincide with each other. This 
chapter takes a look at methods for calculating 
basic traffic for a circuit group. 

.5.1 CIRCUIT GROUPS IN WHICH TRAFFIC FLOWS TO 
DIFFERENT DESTINATIONS - CASE I 

Here, 2a normal distribution (average: m., 
variance: Si ) is assumed as the yearly trafftc 
distribution for each destination. Applying 
statistical principles, the linear combination of 
variables for a multi-dimensional normal distri
bution is also distributed normally. Thus, 
assuming a multi-dimensional normal distribution 
for day-to-day variations in traffic parcels a. 
(to destination i, i=1,2, ••• ,n), which are offerea 
to a circuit group, the distribution for the 
circuit group traffic, L: ai' is normal with the 
parameters 

average: M = Em. , and 
2 1 

variance: S = L 1: v ij • 

Here, v
ij 

is variance or covariance. 

If the CV for each parcel is a constant r, 
and the correlation coefficient between parcels is 
a constant p, then 

P s s (i '" J') , . i' j 

2 
Vii si' 

2 2 2 
S = r (E mi + p 1: '2: mi · mj ) • 

When m. can be regarded as samples from 2 a 
normal distlibution (average: m, variance: s), 
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then 

M = n·m , 
R = r·G , 
where R = S/M : CV for the circuit group, 

2 
G = (l(1+~)+p(1_~»1/2 

n 2 n 
m 

In the case of a symmetrical normal distribution 
(m.=m), s=O. 

1 This formula means that the CV for a circuit 
group is G (<:1) times smaller than the CV for its 
components. For example, G=0.64 when n=10, p=0.34 
and s=O. According to Sect. 4.4, p is ordinarily 
less than 0.5. Thus, G=0.7,.....,0.9 (see Fig.8). 

When basic traffic, A, is estimated as 

A = M(l+k·CV) , 

then the ratio, Q, of basic traffic for a circuit 
group to the sum of basic traffic for destination 
parcels is 

l+k·r·G 
l+k·r Q 

For example, if k=1.65, r=O.l and G=0.64, then 
Q=0.95. That is, basic traffic for a circuit 
group is about 5% smaller than the sum of basic 
traffic for destination parcels. 

5.2 CIRCUIT GROUPS IN WHICH THERE ARE TRAFFIC 
OVERFLOWS FROM PLURAL HIGH USAGE GROUPS -
CASE II 

Normal distribution assumptions for yearly 
overflow traffic distribution seem not to be so 
reasonable, though a yearly origin-to-destination 
traffic parcel distribution fits comparatively 
well with a normal distribution. However, for 
ease in analysis, the yearly distribution of total 
traffic on an alternate circuit group is regarded 
as the normal distribution for this section, 
assuming that there are enough subtended high 
usage groups. 
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The situation is the same as what was 
described in Sect. 5.1. That is, overall basic 
overflow traffic is Q times smaller than the sum 
of the basic traffic of overflow parcels. This 
effect is remarkable, because the correlation 
coefficient for overflow parcels is smaller than 
in the case described in Sect. 5.1. For example, 
Q=0.93, when r=O.l, k=1.65, n=10 and p=0.2. 

When a high usage group is dimensioned in the 
following manner, 

K'LTC = ATC , 
where K: cost ratio, 

ATC: additional trunk (marginal) capac
ity of the alternate circuit group, 

LTC: last trunk capacity of the high 
usage circuit group, 

the effect is equivalent to ATC being multiplied 
by 1/Q, and the number of high-usage circuits is 
dimensioned to be fewer than that by the 
conventional method. For this example, the new 
ATC=0.89, when the old ATC=0.83. 

5.3 COEFFICIENT OF VARIATION FOR TRAFFIC PARCELS 

Techniques similar to those described above 
can also be applied to each traffic parcel between 
areas A and B. Yearly parcel distribution can be 
represented by a symmetrical normal distribution, 
if it is considered that the parcel can be synthe
sized by combining traffic between small areas 
which are obtained by dividing both areas A and B 
into ~ parts severally. The parameters are: 
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When the dividing size iS
2 

selected as mln to 
be unit traffic (i.e. n=m), So represents day-to
day variance of unit traffic. In this case, 

CV slm 
1/2 

= (PO+(l-PO)/m) sOlmO • 

This means that CV is approximately in 
proportion to square root of PO' if m is large and 
p is not so small. When traffic (m) increases, 
C~ decreases, if the correlation coefficient 
between unit traffic (PO) decreases, because area 
homogeniety decreases. 

6. GOS STANDARD FOR TRAVERSE FINAL CIRCUIT GROUPS 

A traverse link with a considerable number of 
circui ts may be used as a final group even in 
hierarchical networks. In that case, a problem 
that arises is what standard blocking probability 
value should be assigned to such a link, when the 
standard value for a link on a backbone route is 
0.01. In order that the GOS for a destination 
with "a traverse final link be equal to a GOS for a 
destination without a traverse link (Le. via a 
backbone route), the standard value, B , for the 
traverse final link which shortcuts 8- backbone 
links should be selected as 

Bn = 0.01 n , 

if load variations on the backbone links synchro
nize with each other. In practice, however, the 
correla tion coefficient, p, for two adj acent 
tandem links is about 0.4 ......... 0.5 (see Sect.4.5), 
and so B should be less than 0.01 n. 

Yea¥ly blocking probability distribution on a 
backbone link can be regarded as normal with the 
parameters 

average: b, and 

variance: s2. 

Accordingly, the \ following two cases dese rye 
consideration. 
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Case 1: Every pair of links has the same correla
tion. 

Case 2: Only adjacent pair links have a correla
tion. 

For these two cases, the blocking probability 
distributions for n tandem links are: 

average: n.b, 

variance: n.s
2 

(1+2p(1-1/n)) (case 1), 
2 

n· s (1+p(n-1)) (case 2). 

The standard value for one link is 

B1 = b + k·s, 

where k = 1.65. 

Therefore, the standard value for n links may be 
selected as 

Bn = nB
1
-kn(1-g)s, 

where g2 (1+2p(1-1/n))/n 

g2 p+(1-p)/n 

(case 1), 

(case 2). 

and 

Figures 9 and 10 show examples calculated for 
k· s=B

1
, which was selected after considering that 

s ~> b, because of the long tail of the blocking 
probability characteristics. The figures show 
that the end-to-end GOS does not deteriorate so 
much if the number of tandem links increases. , For 
example, B

4
=0.03 for case 1, when p=0.42 (see 

Sect. 4.5). Therefore, it seems reasonable to 
limi t the maximum blocking probability standard 
value for the traverse final link to 0.03, if the 
link shortcuts 3 or more backbone links. 

7. SYNTHESIS OF TRAFFIC VARIATION IN A CIRCUIT 
GROUP 

The same technique that has been described in 
the past few sections can also be applied to day 
difference. Day-to-day variation is a result of 
social act ivities. When days are classified in 
relation to social factors (e.g. after consecutive 
holidays, end of year, special religious days), 
the traffic level for each day can be seen to be 
distributed according to class. Total distribu
tion can be synthesized in accordance with each 
class distribution. That is, when \VOrking days 
are divided into several classes, and traffic in 
each class varies only stochastically, the overall 
average and variation for working day traffic can 
be calculated by taking those for each class as a 
basis. Overall CV is G times larger than the CV 
for each class, w, where 

G = ~1+u2(1+1/w2) , 

and u is the CV of class averages. 
In the case shown in Fig. 5, where weekdays 

are setup as five classes, G is about 1. 1, if 
w=O.l, and is about 0.01 if w=0.4. Therefore, if 
basic traffic is estimated from measurements on a 
specific day of the week, the estimation formula 
should be different from that used for daily 
measurements, though the difference may be small. 

8. CONCLUSION 

An approach to telecommunication network 

traffic design that takes day-to-day traffic vari
ation differences into account has been looked at. 
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The main results that have been presented are: 
(1) Basic traffic for a circuit group should be 
evaluated as being less than the sum of the basic 
traffic for its components. 
(2) In an alternate routing system case, consider
ation of noncoincident day-to-day traffic varia
tions leads to the conclusion that economical 
sizes for high usage groups would be less than the 
sizes that result with the conventional method. 
(3) From the standpoint of view of end-to-end 
grade-of-service homogeniety, the standard 
blocking probability value for a traverse final 
link should be less than the sum of the standard 
values for backbone links which the traverse link 
shortcuts. 

Conclusions presented here are true on the 
average, but may not be applicable to all individ
ual cases. Statistical dimensioning should be 
combined with demand servicing, to avoid error 
accumulation when sizing trunk groups from origin 
to destination, one after another. The ult imate 
dimensioning me thod should consider within-day, 
within-hour and other variations together with 
day-to-day variation. Concrete dimensioning pro
cedures and measurement methods for the required 
traffic parameters are left for future study. 
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Q.l (J.G. Kappel) 

In part (6) you say "yearly blocking probe dist'n on a backbone 
line 'can be regarded as normal •.• " As you noted earlier, it is 
often reasonable to regard the Traffic Intensity dist'n as 
normal. If the latter is true, how can the former also be tr'ue, 
for ' ave. blocking in the usual range of interest? 

A.l (K. Kovaira, ' Ye Haraqa) 

Yearly blocking ' prob. dist'n on a link is not normal. 

We regarded it as normal, merely for the ease of ,analysis. 
Therefore, in the numerical example, we assumed the standard 
deviation multiplied by a factor will be equal to the mean, 
which may compensate normal dist'n approximation error . 


