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Abstract—Next Generation Network services

home have been spreading in Japan; therefo
viewers using Video on Demand (VOD) 
increased. Network operators are required t
quality during peak hours, so they need to des
VOD at those times. It is obvious that conge
large number of viewers watch VOD program
However, viewer behavior does not depend
factors of VOD service but also external one
phenomena and social events. This makes it di
operators to predict how traffic will increa
bandwidth adequately. We analyzed actual 
clarified that it is effective to use a log-normal 
We also predicted traffic distribution based on

Index Terms—VOD, Traffic management.   

I. INTRODUCTION 
Traffic volume of content delivery s
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are two major services for distributing cont
unicast. Multicast is efficient for delivering 
of programs simultaneously to a large nu
[2],[3]. In contrast, streaming services via uni
less efficient than via multicast because eac
his/her own independent session. These se
aggregated into one multicast tree. Rece
(OTT) Video on Demand (VOD) services ha
increasingly popular [4]. At the same time, tr
increasing rapidly since VOD services adopt
over the network. As a result, telecom netw
the problem of fitting the resources to the tra
of a VOD service. VOD traffic is usually tran
effort service over networks. This makes it
telecom carriers to guarantee the quality of s
VOD session by using bandwidth reserva
such as call admission control [5], [6]. If a
viewers are going to use a VOD service 
traffic congestion will occur. This degrad
experience since video streaming service is
degradation, i.e., packet-loss and delay. To pr
it is necessary for telecom carriers to estima
of a VOD service and provide enough bandw
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A. Eco system of VOD service  
A typical eco-system architecture of an O

in Japan is illustrated in Fig. 1. A TV pro
station is provided by both a broadcastin
multicast service. Since VOD traffic is transm
the traffic also proportionally increases if the
viewers increases. This means that traffic
network greatly depends on viewer behav
subsection, we discuss the analysis results o
between viewer behavior and VOD traffic ch

Fig. 2 Daily VOD traffic and awake rate at ho
of traffic based on viewer beha

Fig. 3 VOD traffic, AR, and TV viewing r
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population who are awake at home is show
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based on the survey of [10]. The AR is calcul
the participation rates in home activities. 
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12, 2011 (the day after the Great East Japan
time at which highest traffic of all data w
distribution is asymmetric with a longer tail
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inference. The probability density function o
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dimensional parameter vector  of other obs
series of traffic data that have already been o
as . The elements of

 were assumed to be ind
other and to have the same likelihood functio
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the predictive distribution of traffic . 

Predictive traffic distribution depends 
likelihood distribution. We estimated five ty
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We used the Bayesian information criterion 
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smaller BIC better fits actual traffic character

The results of the BIC and 99th percentile
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log-normal, gamma, and beta distributions 
than normal and Poisson. This means that th
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Fig. 6 Scatter diagrams of 99th percen
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The 95th and 99th percentiles of predictive traffic 
distribution to the actual histogram are listed in Table 3 for 
conditions in Table 2. The maximum values of all conditions 
for the same likelihood are underlined. The maximum values 
of all likelihood functions for the same condition are in bold. 
The 99th percentile of the log-normal distribution for condition 
P1-2 was the largest in the estimation. The second largest 99th 
percentile was also the log-normal distribution for condition 
P1-1. The 99th percentile of P1-3 was smaller than that of P1-2 
for a log-normal distribution. On the other hand, the difference 
between P1-3 and P1-2 was relatively small for a normal 
distribution. Since P1-3 was more specific than P1-2, the data 
under P1-3 were extracted through screening. It is believed that 
the effect from the combination of other factors was almost 
cancelled, and the distribution became symmetric. It is not 
suitable for a log-normal distribution to symmetrically fit into a 
histogram because the mean is larger than the mode. On the 
contrary, since a normal distribution is suitable for 
symmetrically fitting into a histogram, it is considered to suit 
the condition, which is defined in order to extract the traffic 
distribution related to a specific factor such as P1-3. 

The difference between the 95th and 99th percentiles of the 
log-normal distribution was larger than that in the normal 
distribution. The ranking in descending order concerning the 
difference between the 95th and 99th percentiles is as follows: 
log-normal, beta, gamma, normal, and Poisson. The 99th 
percentile of P1-2 was the largest among all conditions for the 
types of distribution that had longer tails on the right side, i.e., 
log-normal, beta, and gamma. In contrast, the 99th percentile 
of N1-2 is the largest for a normal distribution. Since N1-2 is a 
less specific condition than the conditions of the P series, the 
data have high values and the distribution has larger variation. 
As a result, the 99th percentile became high for N1-2. If the 
condition was more specific, the variation and 99th percentile 
became smaller. It is thought that approximating the entire 
histogram based on the normal distribution model is suitable if 
a specific peak condition is identified. In such a case, however, 
the histogram must be fit after screening data from empirical 
knowledge, such as in P1-3. On the other hand, when only raw 
traffic data without screening based on the empirical 
knowledge are available, it is appropriate to use a model with a 
distribution that has a longer tail on the right side. 

If network operators design bandwidth by taking into 
account traffic in the peak range, a log-normal distribution 
should be adopted as the model. When an operator of a 
network applies the normal distribution, he/she tends to 
recognize the peak as an abnormal value. In fact, when the 
operator adopts a symmetric distribution, the bandwidth will 
become insufficient in peak traffic with a longer tail on the 
right side. Since VOD services have such traffic characteristics, 
designing bandwidth for a VOD service should be based on a 
log-normal distribution because sufficient QoS should be 
provided when many subscribers want to use the service. 

V. MODELING BASED ON LOG-NORMAL DISTRIBUTION 
The results discussed in the previous sections indicate that 

the log-normal distribution model is useful for estimating near-

peak traffic. In fact, various factors may affect traffic volume. 
It is believed that many factors occur simultaneously and 
increase traffic at peak hours. Factor X is a set of n independent 
probability variables . Here, ti is the traffic that 
factor xi affects. Therefore, di, the increase in traffic by factor 
xi+1, is expressed by the following equation 

 
We assume that di, is proportional to function , which 

expresses a sensitivity to factors. The AR is set as si. 
 

Therefore, the following equation is obtained. 
  

The change by each factor is assumed to be very small, and 
the following equation is therefore approximated. 

  
The left side of this equation is approximated to a normal 

distribution by becoming n to infinity from the central limit 
theorem. Therefore, log(t) follows a normal distribution. Thus, 
the characteristics of traffic affected by many factors fit well 
with a log-normal distribution. 

VI. CONCLUSION 
The normal distribution model often used in traffic 

management cannot express near-peak traffic characteristics, 
such as those of a VOD service. There may be many factors 
that increase traffic, but network operators are not able to 
identify such factors in actual network operation. For example, 
it is difficult for network operators to manage traffic depending 
on natural phenomena and TV programs in actual network 
operation. We analyzed actual VOD traffic and found that it is 
effective to use a model based on a log-normal distribution. 
Moreover, we were able to predict traffic distribution based on 
Bayes' method. Network operators can estimate the upper 
bound of traffic by using a predictive traffic distribution.  
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