
Proceedings for the Spring Conference, 2011, The Korean Statistical Society

GARCH Models for Forecasting Internet Traffic

Sahm Kima

aDepartment of Statistics, Chung-Ang University

1. Introduction

Engle (1982) and Bollerslev (1986) proposed the ARCH and GARCH models to analyse the volatilities in financial

time series data. The GARCH models have been used in various fields. Recently a lot of research work have been

done in analysing and forecasting internet traffic. Zhou et al. (2005) used the GARCH models to capture burstiness

of the network traffic. Krithikaivasan et al. (2007) used the ARCH models to forecast internet traffic and dynamic

band width provisioning. Introducing the GARCH models for modeling internet traffic data, Jiang and Hu (2009)

proposed the GARCH models for large scale IP traffic matrix estimation. Tavernier et al. (2010) also proposed

ARMA-GARCH models for forecasting routing table of the internet traffic. One of the main points in internet traffic

is seasonality and Shu et al. (2005) introduced the seasonal ARIMA models to predict the wireless traffic. But the

burstiness and heterogeneous variations in internet traffic can not be captured by the linear type models, generally.

In this presentation, we first introduce the seasonal GARCH models to forecast the internet traffic and compare the

performance of the models with the seasonal ARIMA models. Performance evaluation is done in terms of the Root

Mean Squared error (RMSE) criterion.

2. Statistical time series models

In order to analyze and predict the internet traffic, we introduce GARCH model and seasonal AR-GARCH models.

2.1. GARCH model

Bollerslev (1986) proposed the Generalized ARCH(GARCH) model and the main feature is that it can be fitted to data

which have heavier-tailed error distributions than the normal distribution. Consider the log-differenced data which is

defined by yt = log(xt)− log(xt−1) where xt is the observed traffic at time t. The main reason to transform the original

data is to guarantee the stationarity of the data to fit the GARCH model. Consider the GARCH(1,1) model.

yt = ϵt
√
ht (2.1)

yt |yt−1, yt−2, · · · ∼ N(0, ht)

ϵt ∼ iid N(0, 1)

ht = α0 + α1y
2
t−1 + β1ht−1,

where α0 > 0, α1 ≥ 0, β1 ≥ 0, α1 + β1 < 1 so that the model is weakly stationary. Zhou et al. (2005) showed that

the ARIMA/GARCH model has better prediction accuracy than the Fractional ARIMA(FARIMA) model for network

traffic.

107



ô�Ç²DG:�x>��<Æ�r 2011�̧�ð�r>��<ÆÕüt�7Hë�Hµ1Ï³ð�ráÔ�Ðr�ç̀


Table 1: Results of LM test

Order Q Pr > Q LM Pr > LM

1 5.0057 0.0253 4.9986 0.0254

2 5.6637 0.0589 6.0638 0.0482

3 35.2574 < .0001 38.0703 < .0001

4 141.911 < .0001 126.0101 < .0001

5 142.3044 < .0001 126.0104 < .0001

6 143.2212 < .0001 128.2762 < .0001

7 162.4598 < .0001 128.3099 < .0001

8 193.5599 < .0001 129.1365 < .0001

9 193.5891 < .0001 129.6079 < .0001

10 193.6754 < .0001 129.6184 < .0001

11 200.9246 < .0001 130.0104 < .0001

12 208.0353 < .0001 130.2029 < .0001

2.2. Seasonal AR-GARCH model

The seasonal AR-GARCH models are given by following equations.

Φp(B
s)Zt = at (2.2)

at = ϵt
√
ht, ϵt ∼ iid(0, σ2)

ht = ws(t) +

q∑
i=1

αis(t)a
2
t−1 +

p∑
j=1

β js(t)ht−1,

where s(t) refers to the stage of the seasonal cycle at time t. In this paper, we introduce the AR-GARCH model with

considering the seasonality of the AR and GARCH part in the model.

yt = ϕ1yt−1 + ϕ2yt−s + ϵt
√
ht (2.3)

where ht is a seasonal GARCH process. The main reason to consider the seasonal model is that there are seasonal

patterns in the data sets of the internet traffic. In Figure 1 to 2, we presented the original data sets and log-differenced

data sets. We can easily see the seasonal patterns for the data sets and know that the period is 7.

3. Performance evaluations and discussions

The data set is from Albeine network and they were gathered from 2004.05.01 to 2004.05.28. The total number of

data is 672. We compare the performance of prediction accuracy between two models based on RMSE. RMSE is

defined by

RMSE =

√√
n−1

n∑
t=1

(Yt − �Yt)2, (3.1)

where Yt is the real value of data at time t, �Yt is the estimated value of data at time t, n is the total number of estimated

forecast values.

Table 1 shows the results of the Lagrange-Multiplier(LM) tests and the p-values which imply the existence of

the heterogeneity of the variances in the data. It indicates that the GARCH model would be appropriate to explain
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Table 2: Parameter estimates for selected models and RMSE

SARIMA Seasonal AR-GARCH

Parameter estimate p-value Parameter estimate p-value

ϕ1 0.0944 0.5378 ϕ1 0.0647 0.0964

ϕ2 -0.0225 0.8524 ϕ2 0.0556 0.1626

ϕ3 0.3782 0.0016 ϕ3 0.0763 0.0316

ϕ4 -0.5367 <.0001 ϕ4 0.0705 0.0267

ϕ24 -0.8637 <.0001 ϕ24 0.5262 <.0001

θ1 0.2630 0.114 ϕ48 0.1673 <.0001

θ2 0.1364 0.2939 ϕ168 0.3864 <.0001

θ3 0.5880 < .0001 α0 0.0057 0.0960

θ4 -0.4169 0.0034 α1 0.1258 0.0005

θ24 - - β1 0.7757 <.0001

θ48 0.6604 <.0001 β168 0.0314 0.3607

θ168 0.7124 < .0001

RMSE 0.419673 RMSE 0.30244

Ratio (Seasonal AR-GARCH/SARIMA) 0.720656

the volatilities of the data. In Table 2, the estimates for the parameters in the seasonal AR-GARCH and seasonal

ARIMA models are shown, providing the RMSE for seasnal AR-GARCH over the RMSE for seasnal ARIMA for the

data. The values of the ratio in the Table 2 is significantly less than 1 and it indicates the performance of the seasonal

AR-GARCH models are quitely better than the seasonal ARIMA models in forecasting accuracy.

4. Concluding remarks

This paper presents the performance evaluation of the models for predicting internet traffic. We introduced the sea-

sonal AR-GARCH models and applied them to real internet traffic. The results show that the proposed models out-

perform the seasonal ARIMAmodels in forecasting accuracy by comparing RMSE. It is will be interesting to consider

more sophisticated GARCH models to predict the internet and wireless traffic for future work.
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