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Abstract 

This paper presents a revisited approach to apply time 
series modeling and analysis to network traffic modeling 
and prediction. This approach extends the use of classical 
procedures in predictability analysis of network traffic by 
using a combination of classical techniques such as the 
Exponential Smoothing and the Box & Jenkins methods. 
The obtained results are based on real traces captured 
from intradomain backbone network traffic. 
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1. Introduction 

The proposal of this work is to extend the use of classical 
procedures in predictability analysis of network traffic by 
using a combination of classical techniques such as the 
Exponential Smoothing and the Box & Jenkins methods. 
The use of the proposed approach produces predictions 
with higher accuracy when compared to traditional ones. 
The possible enhancement of the quality of the prediction 
can be seen as the result of the fact that each individual 
prediction used to perform the combination can pursue 
relevant information that perhaps may be lacking in the 
other predictions. Thus, their combination tries to extract 
from each prediction its more representative part in order 
to construct a potentially superior combined one. Three 
types of combinations may be performed, namely, 
combination through simple arithmetic mean, 
combination through squared errors sum inversely 
proportional weights and combination through linear 
regression based weights [6]. The identification of the 
parameters of the models utilized for prediction with the 
Box & Jenkins method is performed minimizing the AIC 
(Akaike Information Criterion), BIC (Bayesian 
Information Criterion) and SBC (Schwartz Bayesian 
Criterion) selection criteria. In order to verify the 
adequacy of the selected prediction models the Box-
Pierce and Ljung-Box statistics, called Portmanteau, have 
been applied [7]. Finally, the selected models are 
controlled through criteria that take into account the 
degree of precision of the future predictions produced by 
the models. The main criteria are the mean squared error 
(MSE), the mean error (ME), the total error (TE) and the 
mean percentile error (MPE). 

Section 2 presents a brief description of the classical 
approach for stationary and non-stationary time series, as 
well as of the Exponential Smoothing method. The most 
commonly used procedures for parameters estimation and 
selection of the prediction models are also described. In 
section 3 a case study is presented, showing the 
performance of network traffic prediction through the use 
of classical methods and the proposed combination 
technique. A set of results is presented showing the 
relevance of the approach. Finally, section 4 draws some 
concluding considerations about this work and proposes 
additional research topics that could enhance the 
presented results. 

2. Time Series Modeling and Analysis 

A time series can be defined as a set of observations 
generated during time in a successive way. Time series 
may pursue features such as trends (increasing or 
decreasing) and seasonality. 

One of the objectives of time series analysis is the 
generation of predictions of future values. This requires 
that time series present some kind of regularity in their 
behavior during time. Future values are commonly 
predicted based on their past values, because a kind of 
regularity is assumed. Such regularity in time series can 
be expressed through the concept of stationary time 
series [8]. This dependence or regularity can be 
measured by the Autocovariance Function (ACVF), the 
Autocorrelation Function (ACF) and the Partial 
Autocorrelation Function (PACF). Due to the fact that the 
true ACVF and ACF are generally unknown, it is 
necessary to estimate these functions in order to generate 
a Sampled Autocovariance Function (SACVF) and a 
Sampled Autocorrelation Function (SACF). 

Many time series are not stationary. These have to be 
transformed in order to make them stationary using, for 
example, a transformation that consists of subtracting 
from the observations values of other ones. There are 
some classical approaches for modeling stationary time 
series. Examples of models for stationary processes 
include the Autoregressive (AR), the Moving Average 
(MA) and the Autoregressive Moving Average (ARMA). 
Considering a time series  tX , which is stationary and 
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