
ITC 11, Minoru Akiyama (Editor) 
Elsevier Science Publishers B. V. (North-Holland) 
© lAC, 1985 

FIELD DATA ANALYSIS FOR TRAFFIC ENGINEERING 

Eiji TAKEMORI, Yukihiro USUI and Jun MATSUDA 

Musashino Electrical Communication Laboratory, NTT 
Tokyo, Japan 

ABSTRACT 

Traffic models, traffic load estimation 
methods and subscriber behavior are investigated 
based on field traffic data collected by detailed 
traffic measuring equipment developed at NTT. 

First, inter-arrival time and holding time 
distributions are identified as exponential and 
hyper-exponentia1 distributions, respectively. 
Next, the estimation accuracy of the traffic 
load for each destination is ana1yzed through 
investigation of day-to-day fluctuation charac
teristics of the ratio and the average holding 
time of calls for each destination. Finally, 
subscriber behavior is also ana1yzed through 
investigation of the ringing tone trunk and the 
busy tone trunk holding time distributions as 
well as the characteristics of repeated calls. 

The analysis results in this paper are 
valuable fundamental materia1.s for construction 
of communication networks. 

1. INTRODUCTION 

Recently, the traffic structures of tele
phone networks have been changing because of the 
various types of calls. Furthermore, NTT has 
experimentally offered various new services of 
I NS (Information Network System) such as digital 
communications and broad-band communications 
since September of 1984, and this will undoubt
edly accelerate the change in traffic structures. " 
Under these conditions, detailed traffic mea
surements and analyses are indispensable for 
planning, designing and management of networks. 
At NTT, D-type Traffic Measuring Equipment 
(DTME; Appendix 1) has been developed in order 
to collect detailed traffic data from an elec
tronic exchange. 

In this paper, we investigate traffic 
models, traffic load estimation methods and 
subscriber behavior based on field traffic data 
collected by DTME. With regard to traffic 
models, V. B. Iversen ana1yzed inter-arrival 
time and holding time distributions [lJ, [2]. 
However, he did not describe a method of identi
fying distributions. We identify the distri
butions by means of minimum AIC (An Information 
Criterion) method [3J, and refer to their 
effects on network dimensioning. For traffic 
load estimation, the fluctuation characteristics 
of the ratio and the average holding time of 
calls for each destination are investigated. 
With regard to subscriber behavior, the holding 
times of the ringing tone trunk and the busy 
tone trunk are ana1yzed as well as the charac
teristics of repeated calls. 

2. VERIFICATION OF TRAFFIC MODELS 

Network dimensioning is carried out by 
using queueing models with the assumed inter
arrival time and holding time distributions of 
calls. The more closely the assumed distri
butions represent the actual traffic charac
teristics of networks, the more properly the 
network dimensioning can be carried out. 
Analyzing field traffic data by means of minimum 
AIC methods (Appendix 2), we identified inter
arrival time and holding time distributions of 
arriving calls to a trunk group, and verified 
usually assumed distributions. From the view
point of ease in analysis, we considered exponen
tial, gamma and hyper-exponentia1 distributions 
as candidate distributions. 

Furthermore, we analyzed the short time 
fluctuation characteristics of calls arriving at 
an exchange. Short time fluctuation has an 
important effect on the design of common equip
ment in an exchange. 

2.1 Inter-arrival Time Distribution 

We analyzed inter-arrival time distributions 
of calls for each destination for 24 cases. 
Part of the results are shown in Table 2.1. 
Fourteen cases were identified as an exponential 
distribution, 2 cases as a gamma distribution 
and 2 cases as a hyper-exponential distribution. 
The remaining 6 cases were not identified as any 
particular distribution, i.e., it was equally 
possible for them to be exponential or hyper
exponential distribution. In all 24 cases, the 
coefficient of variation ranges from 0.89 to 
1.18. This means that the inter-arrival time 
distributions are close to an exponential 
distribution. Further, we tested the Poisson 
characteristics for the number of arriving calls 
for the cases identified as an exponential 
distribution (Appendix 3), and the hypothesis 
that it is a Poisson distribution was not 
rejected in most cases. Figure 2.1 shows a 
typical example of inter-arrival time distri
bution. 

2.2 Holding Time Distribution 

We analyzed holding time distributions in 
the busiest hour for several trunk groups. The 
result was that all cases were identified as a 
hyper-exponential distribution (Table 2.2). 
Figure 2.2 shows a typical example of holding 
time distribution. 

From the above results, it has turned out 
that the actual traffic characteristics are 
closer to an M/H2 model than the M/M model which 
is usually used. Thus, in order to dimension 
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the alte"rnating routes exactly, a theory on 
overflow from M/H

2
/S/S such as the well-known 

theory on overflow from M/M/S/S is needed. 

2.3 Short Time Fluctuation of the Number of 
Arriving Calls 

It is necessary for the design of common 
equipment in an electronic exchange to know the 
short time fluctuation of the number of arriving 
calls. Though Poisson arrival is usually 
assumed for the call arrival process, it is 
possible that the actual fluctuation may be 
different. We measured the number of calls 
arriving at an electronic exchange in the 
busiest hour every 20 seconds, and evaluated the 
fluctuation. 

First, we compared the coefficient of 
variation for the field data with that of 
Poisson distribution. The coefficient of 
variation in each measurement is shown in Fig. 
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2.3. _ From the figure, we found that it was 
about 10-20 percent larger than that of Poisson 
fluctuation at office A, and rather smaller at 
office B. 

Next, we considered an event which occurs 
with a probability of 1/180 (i.e., one sample 
per hour) in order to check the spread of the 
distribution. Assuming Poisson fluctuation, the 
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Table 2.1 Inter-arrival time distribution . 

No. of Mean CV A I C 
samples (sec. ) Exp. Gamma Hyper-exp. 

1 191 18.63 0.89 * 0 3.73 -
2 158 20.05 1.15 0.91 4.27 0 
3 242 14.70 1.04 * 0 14.27 1. 61 
4 391 9.16 0.91 2.04 * 0 -
5 376 8.70 0.99 * 0 18.82 -
6 464 7.74 1.08 0.46 30.77 0 
7 349 10.16. 1.00 * 0 1. 90 1. 99 
8 420 8.52 1.02 * 0 21.54 1. 79 
9 876 4.10 0.98 * 0 57.55 -

10 873 4.10 1.04 0 71.42 0.91 
11 
12 

1 
2 
3 
4 
5 
6 
7 
8 
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1654 
1900 

2.17 1.07 5.32 295.23 * 0 
1.89 1.02 0 271. 38 0.87 

CV = Coefficient of variation 
Exp. = Exponential 
* = Identified distribution 

Table 2.2 Holding time distribution. 

No. of 
samples 

957 
104 
178 
482 

1165 
435 
883 
620 

Mean CV A I C 
(sec.) Exp. Gamma Hyper-exp. 

167 1. 98 412.32 247.15 * 0 
154 1. 29 2.32 3.21 * 0 
148 1. 70 31.51 21. 79 * 0 
158 2.02 235.36 146.03 * 0 
135 1. 64 224.31 164.80 * 0 
116 1. 34 36.91 17.54 * 0 
114 1. 65 157.66 103.12 * 0 
87 1. 67 107.92 93.55 * 0 

CV = Coefficient of variation 
Exp. = Exponential 
* = Identified distribution 
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probability that a value greater than u=m+2.54fffi 
(m : mean) will occur must be 1/180. We counted 
the number of samples with values greater than u 
in an hour, and found that, on the average, the 
number was about two at office A and one at 
office B. Thus, fluctuations larger than that 
of Poisson arrival should be taken into consid
eration at office A. 

Moreover, we investigated the maximum value 
U of samples in an hour. We indicate its 
deviation by k defined as follows: 

k = (U - m)/[iD.. (2.1) 

Figure 2.4 shows k obtained from the actual data 
as well as the expectation of k when assuming 
Poisson fluctuation. For the actual data, k was 
about 3.1 at office A and 2.6 at office B, on 
the average, while, for Poisson fluctuation, k 
is about 2.6. Thus, fluctuation about 1.2 times 
as large as Poisson fluctuation should be taken 
into consideration at office A while Poisson 
fluctuation will do at office B even in con
sidering the maximum value. 

From the above results, it is clear that 
short time fluctuations in the busiest hour must 
be investigated carefully at each office. 
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3. ESTIMATION METHOD FOR TRAFFIC LOAD TO EACH 
DESTINATION 

At NTT, network dimensioning is carried out 
based on the traffic load for each destination. 
This traffic load is estimated from the ~otal 
exchange traffic load, the average holding time 
and the number of calls for each destination. 
That is, Y

i
, the traffic load for destination i 

is estimated as follows: 

Y. = T r i hil L.r. h., (3.1) 
1 J J J 

where T: the total traffic load, 
r

i 
the ratio of the number of 
calls for destination i to the 
total number of calls, and 

hi : the average holding time of 
calls for destination i. 

However, it is not practical to measure the 
average holding time and the number of calls for 
each destination every day, when considering the 
load on the CC (Central Control equipment) of an 
exchange and the traffic data processing center. 
From this point of view, sampling measurements 
are adopted practically. Thus the day-to-day 
fluctuation influences the accuracy of estima
tion by Eq. (3.1). Fluctuation- characteristics 
and their effects are investigated below. 

3.1 Fluctuation Characteristics of the Ratio of 
Calls to Each Destination 

We analyzed day-to-day fluctuation charac
teristics of the ratio of calls for each desti
nation (the number of calls for a certain 
destination I the total number of calls). It is 
thought that the more calls a destination has, 
the smaller the day-to-day fluctuation will be. 
We investigated the relationship between the 
average number of calls and the coefficient of 
variation in the ratio of calls. The result is 
shown in Fig. 3.1. This figure shows that CV . 
(the coefficient of variation in the ratio of1 
calls) and n. (the average number of calls for 
destination t) have the following relationship: 

CV
i 

= k l[rii + 1. (k,1.: const.). (3.2) 

Therefore, letting hi be the average holding 
time for destination i, the error of traffic 

3.2B·5·3 

Table 3.1 Number of circuits. 

Correct Offered Est. 95 % Up. No. of 
No. of traffic of --

circuits load CV interval Low. circuits 

12 

30 

48 

60 

90 

120 

5.87 0.13 7.37 15 
4.37 10 

20.3 0.08 
23.5 34 
17.2 27 

-36.1 0.06 40.3 53 
31.9 44 

46.9 0.06 
52.4 66 
41.4 54 

74.7 0.05 82.0 98 
67.4 83 

103 0.04 111 129 
94.9 112 

Est. of CV = Estimation of coefficient 
of variation 

Up. = Upper bound 
Low. = Lower bound 
Loss probability 0.01 
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load for destination i is evaluated by 

Ei = (k/[ni+1)ni h i = (k[Ui+1 ni)hi • (3.3) 

In the actual data, 1 is about 1/100 to 1/30 of 
k. Therefore, it turns out that Ei is nearly 
proportional to l/f11

i
• 

Table 3.1 shows the number of circuits 
necessary to satisfy a loss probability of 0.01 
taking this fluctuation in the ratio of calls 
into account. Assuming an average holding time 
of 150 seconds, we derived the average number of 
calls, and estimated the coefficient of variation 
by using Fig. 3.1. Next, assuming that the 
ratio of calls for a destination obeys a normal 
distribution, we derived the upper and lower 
bounds of a 95 percent confidence interval for 
the traffic load estimated by uS'ing the ratio of 
calls on one day of a year. For these values of 
traffic, we dimensioned the number of circuits 
necessary to satisfy a loss probability of 0.01. 
From Table 3.1, it turns out that the accuracy 
of the ratio has a large effect on the number of 
circuits in routes. 

3.2 Fluctuation Characteristics of the Average 
Holding Time 

The average holding time of sample j in a 
day i, x .. , is written as follows: 

1.J 
xij = X + di + Sij xi + Sij' (3.4) 

where X : the average of each day's average 
holding time, 

di : the day-to-day fluctuation of 
each day's average holding time, 

s .. 
1.J 

[. di = 0, and 
fhe fluctuation in each day's 
average holding time due to 
sampling, L. s .. = o. 

J 1.J 
The coefficient of variation of x .. then becomes 

1.J 

D = /V[x .. J/E[xi . J = )E[d:J+E[si:J/X. (3.5) 
1.J 2 J 1. J 

From field data, D can be regressed as follows 
(Fig. 3.2): 

D2 = a / n + b, (3.6) 

where n : the number of calls in the period 
of measurement, and 

a, b coefficients of linear 
regression. 

jE. [s. :J / 
J 1.J xi = CV /.[ri, (3.7) 
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(1) • 

'where CV
i 

: the coefficient of variation of 
holding time in a day i. 

Therefore, from Eqs (3.4)-(3.7), 
2 2 2 2 

D2 = E[diJ/X = a/n+b-(CV) In, (3.8) 

where we approximated that x =X and CV =CV 
for all i. Then, D

2
, the coefficient of vatia

tion by d
i

, is obtaIned as follows: 

D2 ~ / E[x i J = ~ / X 

J a / n + b - (CV) 2/ n '. (3.9) 

Figure 3.3 sho~s D2 and D; versus n. As 
can be seen from the figure, for small n, the 

2 2 
fluctuation due to sampling, D - D2 , is large 

2 
compared with the day-to-day fluctuation D2, and 
the total fluctuation becomes large, while the 
total fluctuation is small for large n. There
fore, we must sample many calls in order to 
correctly ascertain the average holding time. 

4. ANALYSIS OF SUBSCRIBER BEHAVIOR 

A call becomes incomplete for various 
reasons. It may meet congestion in the network 
or in the called subscriber line. The called 
party may be absent. In these cases, how does 
the calling subscriber behave? How long does he 
listen to the busy tone, or the ringing tone? 
How long does he wait before repeating the call? 
How many times does he repeat the call? Such 
types of subscriber behavior cause ineffective 
processing of an exchange or ineffective holding 
of circuits. We investigated these kinds of 
behavior by using field traffic data. 

4.1 Ringing Tone Trunk Holding Time 

Ringing tone trunk holding time distribution 
of ineffective calls is shown in Fig. 4.1. The 
average holding time is 24.0 seconds, with a . 
maximum holding time of about 2 minutes. The 
distribution is nearly uniform; about 25 percent 
of the subscribers hold the trunk longer than 8 
seconds. 

4.2 Busy Tone Trunk Holding Time 

Busy tone trunk holding time distribution 
is shown in Fig. 4.2. About 80 percent of the 
subscribers hold the trunk less than 8 seconds. 
The average holding time is 17.2 seconds, and 
the maximum holding time is about 5 minutes. 
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These results were obtained by analyzing 
incoming calls. About 25 percent of incoming 
calls become incomplete. About 80 percent of 
the incomplete calls are a result of the called 
subscriber failing to answer and about 20 
percent of them are a result of the called 
subscriber line being busy. 

4.3 Subscriber Retrial Behavior 

vfuen an initial call attempt is not com
pleted, a subscriber may either abandon or 
repeat his call. This section describes retrial 
probabilities, retrial time interval distri
butions, and completion probabilities. 

The overall completion probability, the 
completion probability of the first attempts, 
the average retrial probability and the comple
tion probability of reattempts are shown in 
Table 4.1. 

The completion probability of the initial 
attempt is 76.0 percent, a figure higher than 
the overall completion probability. Of the 
subscribers whose call attempts are not com
pleted, 52.2 percent attempt retrials, but only 
27.1 percent of reattempts are completed. The 
reattempt completion probability of 27.1 percent 
is remarkably low compared with the completion 
probability for the initial attempt. The 
completion probability of the initial attempt 
and the overall completion probability are 
almost equal to Liu's results, but the average 
retrial probability in NTT is smaller than his 
result [4]. 

Whether reattempts are completed or not 
depends on the retrial time interval. In Fig. 
4.3, the retrial time interval distribution is 
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Table 4.1 Competion and retrial probabilies. 

(a) (b) (c) (d) (e) (f) 
Overall Initial Average Completion Ineffective Ineffective. 

completion completion retrial probability call load 
probability probability probability of reattempts ratio ratio 

* 67.4% 76.0% 52.2% 27.1% 12.4% 4.7% 

* (e) (1 - (a)) x (c) x (1 - (d)) 
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shown. It is fo~nd that about 40 percent of the 
reattempts are made within 30 seconds, and it 
can be thought that many of them inevitably fail 
again. 

The reattempt completion probability 
depends on the reasons the call was not completed 
and on the the length of the retrial time 
interval. The relationships are shown in Fig. 
4.4. Reattempts following SB (Subscriber line 
busy) have a higher completion probability than 
those following SNA (Subscriber no answer). The 
reattempt completion probability following SNA 
is very low regardless the length of the retrial 
interval. 

The completion probability and the retrial 
probability at each attempt level is shown in 
Fig. 4.5. It can be seen that the completion 
probability decreases as the number of retrials 
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Fig. 4.4 Relationship between completion' 
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Fig. 4.5 Completion and retrial probability at 
each attempt level. 

increases. 
Unsuccessful attempts and holding time due 

to reattempts amount to 12 percent and 4.7 
percent, respectively (Table 4.1). This is a 
significant load on the network resources. To 
minimize this load, several services (e.g., 
transfer service) have been introduced. 

5. CONCLUSIONS 

We have shown the traffic characteristics 
obtained by analyzing field traffic data. The 
traffic model was found to be closer to M/H2 
than to M/M. For traffic load estimation, 
fluctuations were evaluated and their effects on 
the estimation accuracy were discussed. Sub
scriber behavior related to ineffective use of 
network resources was also investigated. 

NTT has experimentally offered INS services 
since September of 1984. Through the use of 
DTME, INS traffic data is now being collected 
and analyzed. We plan to continue investigating 
the traffic characteristics of INS in detail, as 
these are still relatively unknown. 
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APPENDIX 1. DTME (D-type Traffic Measuring 
Equipment) 

DTME is connected to the memory bus of an 
electronic exchange (Fig. A1.1). It monitors 
the execution of the call processing program by 
watching the address bus, and collects data 
being written in the specific main memory area 
of an exchange. Thus, traffic data can be 
collected continuously even during busy periods. 

Traffic data consists of detailed data 
(Fig. Al.2) and macro data such as the traffic 
load and the number of calls. DTME sends 
traffic data to the data processing cent er after 
editing the collected data for every call. This 
reduces the amount of data transferred to the 
data processing center. 
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APPENDIX 2. Minimum AIC method 

For the obtained data, the parameters of a 
model can be determined by the maximum likelihood 
method. The minimum AIC (An Information Crite
rion) method is used for selecting the best 
model among the models whose parameters have 
been determined in this way. 

We first define the following notations: 
e : parameter of a model, 
x : obtained data, 
L(elx) : likelihood function, 
P : dimension of e, 
e : maximum likelihood estimator of e. 

Then AIC is defined as the following: 

AI C = -2 log L(6Ix) + 2P, (A2.1) 

where L(6Ix) is called the maximum likeli
hood function, which represents the suitability 
of a model. The larger L(6Ix) is, the higher 
the suitability of a model is. The maximum 
likelihood function tends to have a larger value 
when the number of parameters increases. Thus, 
a good model is obtained when the number of 
parameters is increased. 

On the other hand, Akaike [3J has advocated 
that a good model is the one in which the 
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NW Network CPU: Central Processing 
MB Memory Bus Unit 
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MU : Measurement Unit CTR: Center 

Fig. Al.I D-type traffic measurement equipment. 

Originating Subscriber ID 

Present State Number 

Next State Number 

Time 

Trunk Number 

Subscriber Class 

Fig. AI.2 Detailed traffic ~ata. 

suitability is high and the number of parameters 
is small. AIC is a measure based on this idea. 

The first term of Eq.(A2.1) is the measure 
of suitability of the model and the second term 
is the penalty for the increase in parameters. 
Thus, a model having small AIC is the one in 
which the suitability is good and the number of 
parameters is small. The minimum AIC method is 
the method which selects the model having a 
minimum AIC. 

APPENDIX 3. Chi Square Test for a Poisson 
Distribution 

A chi square test is used to check whether 
the obtained samples contradict a hypothesis. 
If Xl' X2, ••• , X , are sampled from a normal 

n 2 2 
distribution N(m,s ), C defined by (A3.l)·, 

2 \ n - 2 
C = Li=l (Xi - X)/ s , (A3.1) 

where X is a sample mean, 
obeys a chi square distribution with a degree of 
freedom n-l. 

On the other hand, a Poisson distribution 
has the following characteristics: 

i) A Poisson distribution can be approx
imated by a normal distribution when the 
mean value is greater than 4. 
ii) Poisson distribution has the same 
variance as the mean value. 
Consequently, the value, 

2 \ n --
C = Li=l (Xi - X) / X , (A3.2) 

is used to judge whether the hypothesis that 
mean = variance is rejected at a significance 
level. 
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