The Korean Journal of Applied Statistics (2015) DOI: http://dx.doi.org/10.5351 /KJAS.2015.28.6.1235
28(6), 1235-1243

A Study on Internet Traffic Forecasting by

Combined Forecasts

Sahm Kim®!

“Department of Applied Statistics, Chung-Ang University

(Received November 2, 2015; Revised November 16, 2015; Accepted November 23, 2015)

Abstract

Increased data volume in the ICT area has increased the importance of forecasting accuracy for internet
traffic. Forecasting results may have paper plans for traffic management and control. In this paper, we
propose combined forecasts based on several time series models such as Seasonal ARIMA and Taylor’s
adjusted Holt-Winters and Fractional ARIMA(FARIMA). In combined forecasting methods, we use simple-
combined method, MSE based method (Armstrong, 2001), Ordinary Least Squares (OLS) method and
Equality Restricted Least Squares (ERLS) method. The results show that the Seasonal ARIMA model
outperforms in 3 hours ahead forecasts and that combined forecasts outperform in longer periods.
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A7 EAT) o] BAAE 1#dte] AR-GARCH 23, ARMA-GARCH E233} 377192 gl
Fractional ARIMAS} &7 7| A3} o] 2AFA]-S 17838} Fractional ARMA-GARCH E32] AFgog »
P+ AT A =3

B AveAE =d9 ARE e

2

1
2
R
>
)
o
E

% Holt-Winters ®H3} Tayloro] <]3]

% o= H
AFE A= Holt-Winters W< ¥ x3td, 37 7]0_,4%@% 283t =% Fractional Seasonal
ARIMA ", o]5A2% ARMA 22 o]&ste] Eef 9| oS5 AAIsHn, oS0l tsto] 23 o

[e]
Z 3o 2] Aksu®} Bunter (1992)7} A2Fst Theeof W3}, OLS, ERLS ©l& 23 3
Armstrong (2001)°] A<+t MSE 7|9 23} WS ¥ st} sitl. B =RoAs 27 A=
ARE AIAD B8-S a8, 3o = AfeS S AT 4% 24 9 S Bse

vl sk, 4o A ol thek 2E< vehdth
2. AMAIE 2 40
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d&o g HE SSE(Sum of Squared Error)E& H 438k B4 FAHXE 3= A S 53 AL
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2.2. AZd ARIMA
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Figure 4.1. Original time series data.
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Table 4.1. Parameter estimation of Holt-Winters

Parameter Estimate
LEVEL(«) 0.11667
TREND(B) 2.3e-09
SEASONALL1(%) 0.00156
SEASONAL2(6) 0.35073
Error-term AR(1)(¢) 0.44598

Table 4.2. Parameter estimation of ARIMA

Parameter Estimate S.E. Parameter Estimate S.E.
61 0.30462 0.01693 b1 0.73916 0.01206
©1(288) 0.99800 0.00935 21 (288) 0.96392 0.01296

ARIMA = Fractional Autoregressive Integrated Moving Average.

Table 4.3. Parameter estimation of FARIMA

Parameter Estimate S.E. Parameter Estimate S.E.
01 0.86902 0.01058 b1 0.97610 0.00291
m 17.78570 1.64779 d 0.45419

FARIMA = Fractional Autoregressive Integrated Moving Average.

Table 4.4. Result of RMSE

HW ARIMA  FARIMA SA OLS ERLS  Base on MSE
After 3hour  0.5808(4) 0.5176(1) 0.7598(7) 0.5557(2) 0.5832(5) 0.587(6) 0.5627(3)
After Ghour  0.8161(6) 0.6484(3) 0.8487(7) 0.6451(1) 0.6606(4) 0.6641(5)  0.6469(2)
After Shour  0.9038(7) 0.7003(5) 0.8087(6) 0.6480(3) 0.6478(2) 0.6502(4)  0.6463(1)

(5) (6) (1) 3)

After 12 hour 0.9643(7) 0.6392(5) 0.7195(6) 0.6164(4) 0.5951 0.5973(2) 0.6058(3
RMSE(Ranking)

RMSE = Result of Root Mean Square Error; HW = Holt-Winters;

ARIMA = Autoregressive Integrated Moving Average;

FARIMA = Fractional Autoregressive Integrated Moving Average; SA = Simple Average;
OLS = Ordinary Least Square; ERLS = Equality Restricted Least Squares;
MSE = Mean Squared Error.

B A= Taylor7} 438 o]5A 23 Holt-Winters 2H 7 ARIARE-S F8te] A4S WA
Atz o] o] %A d3 ARIMAR &Y FARIMA 23 AgA 7t B850 x4 A€L BICE 7|&0

2 A nyg Aesich

o] FAZ2E ARIMAR L 2ol Zkx} A3 Aol 753k BIC(Basian information criterion) g<
7|10 R HAQ BYE At dSH R o]FAEY R gEFVE 1HI AZYE B
o] ¢ 2L BIC X 2 Yol wal ARIMA(1,0,1)x(1,0,1)2582 H % A 29 ARIMA Rg o=
A3t FARIMA 235 BIC7F 249 58S Malsle], A%zt x2g FARIMA(L d, 1)5 8
2 Attt o] ufe] do FAZHE 0.45419F vrebdtl. Holt-Winters23-2 HA3H 7128 A&
sto] RS A3t olo] wet HF AE¥H RP59 B4 A X Table 4.15F Table 4.37k2] 2+

ALE BYPE thalo] B =RoxE A o= WY o2 SA(Simple Average), OLS, ERLS 3
% MSE(Mean Squared Error)ell v]&ol wietr] 23 oS5 AAISth. Table 4.49] 235 HW 34|
7t o]F o EoA= AEY ARIMAR o] 7 v+ RMSEZA YEgton, I oz teds
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