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| 54 AU EdF o5S ?lot 2 ds Hlw A7

B AFoAE dr)d &A= EfT AFE o =3}7] $3te] Holt-Winters, Fractional Seasonal
ARIMA, AR-GARCH, Seasonal AR-GARCH R &2 Al235lo] 7z} 239l o= AE=g v|wstu A} 3o}
oA S0 o]&H AIAE B sl sk, AA EgE A5 HEote] EY A8 E FA4% A3
Holt-Winters ®}% o] ol &2 Sl A 717 4351t

=Q&01: E2lj=!, AR-GARCH, Fractional Seasonal ARIMA, Seasonal AR-GARCH, Holt-Winters.

1. M2

ey} mae e 4] 2
= BeAelA S F28 BA HTL Ak oleld a7l 8T
=l o3 A7l Be ATAE e B e A3l A7E SAskn

241 Basu 5 (1996)-2 2}7]3] 7 (Autoregressive) 282 = Y 5to] AAAS WSst= EdE 215
=3}, Liu 5 (1999)2 FARIMA (Fractional Autoregressive Integrated Moving Average) =3
0]-§-5}od EEH = &3k3th Shu 5 (2005)2 A3 ARIMAE o|&sto] 74 EZfI g o5
ahglom, Tikunovsﬂr Nishimura (2007)& 28t E2|F 2k5E | =31=0] Holt-Winters2] *H-S A}
€313tk Kim (2007)-2 Engle (1982) ] A| <+t 21 3] 7 o] £ 4HJ (ARCH; Autoregressive Conditional
Heteroskedasticity) 28-S ©]-83}o] 2}7|8] 7 o] &2 B o] EFF A5 & o&3l=d| 9o AR B
HHETE Aso] 4 Y, Kim (2011)-2 Seasonal AR-GARCH 28 -& o]-83}o] Seasonal AR-
GARCHo©]| Seasonal ARIMA®} AR-GARCH 28 Rt} Egg A8 & o&3=t A5o] ¢3S 2
%iE‘r.
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AT E AAL AR E ol Sohen] glo] Bhol A5 FE-AE A BT 37 7)o 54
/‘4‘3*2} 4= 9J+&= Fractional Seasonal ARIMA ¥y, AL o] BAMAS AW E 4= 9l Seasonal AR-
GARCH 291€ o] 85}0] E2190] o] % 458 023t o),

2. NAIY 23i9| &0
2.1. Holt-Winters 2 34

—_

Holt-Winters (1960)2] <H & 7] & 2] 4= 3 E(multiplicative seasonal exponential smoothing)-2 Holt2]
0% B4 ASFIUL FHA P OoE BER AADe] APEA YT 20 A AZAELS ekl

L hal

o] =82 20119E AR (ZSHE7eH)Y Aoz dFAFAEY 72AFAY NS ol 34
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o] A-2-3= W o]tk Holt-Winters 5 2382 4 2.1)3 2t}

H
Y,
L; :Q’( )+(1 —a) (L + Troy),
T, =L - L)+ =Ty,

Sr=7(§)+(1—7)5t—s, 2.D

SA71A Yz Aol M) BEgE L B S %E e e, T BB bR
A 371,53 AL 778 01U, 0, pE $E o] A B ol 7y
A% Uehdtt. 9 B4 0,6 yE | H A MSES 240 2GS A0, 27
e 4 02)9] #4100 T 2 47 9l

1 S
L= ;ZY,
=1

1 (Y =Y, Y =Y Yok = Y
T, = ( s+1 Ly Lsw 2y ek k)
s s s

Sek=—, k=12,...,s. 2.2)
A 2.3 A 2.2)F ARESFe] A (2.3)3 Zo] o5 & = AT
Foop =L+ T, Xh)S 11p—s (2.3)
olulf Frpe hAIA Foll 53 32 o ml it
2.2. Fractional Seasonal ARIMA & o4

Fractional Seasonal ARIMA(FSARIMA)+= %= Seasonal ARIMA(p,d,q) 2382 4502 A d7}
1147} ol A58 711 % e olth, FSARIMA(p. d. ol o) A4 X, the 3} o] Bej=ieh,

(I)(B)CD;(B)AdX, = O(B)®(B)a, 2.4)

o714 si= AR AR F7)01 7, a= WAZkSolv] RS HAHE S8l d € (05,05)0]ch. ER
B+ &7 9 AFRH(backward-shift operator) ©] 37

D(B)=1-¢1B— 4B -~ ¢,B
D (B) = 1 = §sB* — ¢, B — --- = ¢, B
®B)=1-6,B-6,B*—---—§,B
@/(B) =1 -6,B* —0r,B* — -+ — 0,,B*

olm, A= B4 xR ¢ AR} (fractional differencing operator) 2 THS-3} Zro] Aoj T}

A= (1-B) = Z (Z)(—B)k, 2.5)

k=0

1714 (§) = d!/{d = k'k!}eleh. ¥Hekd = 0°]W, FSARIMA 232 I3kl SARMA R o] gt
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2.3. AR-GARCH 2&
AR-GARCH 232 AR 2ol @ x}e] Fibo] 273 A 07 Mok 27AF o] Z4 273 AR
<9l ARCH 239] gutsle By oz B oo 112]%+= AR-GARCH 232 t}23} 2o}
CD(B)‘Ijs(B)Xt =&

& = \/h_zet

iid(0, 1)
q p

o + Z Q’i&‘tzfi + Zﬁjh,_j (26)
i=1 j=1

A7 @9 >0,;20G=1,...,9),6:=20G=1,...,p), p=0,q>00°]C}
ek p = 001" GARCH(p, ¢) 292 ARCH(q)Z F49th & p = g = 00/ GARCH(p,q) =9
~ WN(, ap) 7} = o] 2 xF8he] EAko] A2 A3t & o] R4k o] AetA]A] "t

¢

€t

hy

2.4. Seasonal AR-GARCH 23
Seasonal AR-GARCH 282 4] (2.7)3} Zt}.

O(B)¢p(B)X; = a;
a =& \/}Tt
q r q 14
h, =qq+ Z 0,’,'8[2_[» + Z'tht_j + Z a/,;gaf_is + Z,Bjsh,_js (27)
i=1 =1 i=1 =1

A71A s= AR AR F7101m, a0 > 0, 206G = 1,...,9), B 2 0 = 1,...
L@ Bjs 206G =1,...,p), p20,g20,p >20,¢ > 00|t} AR LS 12j3l= F23 o] f=
A ELF 2t 7 A s dE Bl 7] wjEelth

=R A 0] &3 A8 = Dingde Jiang 2} Guangmin Hu (2009)¢] AFE-3F Ao & 6714 S<F 127
EAM R 3 2 58 92 S4E EfE &S vF OHt”%-r"ﬂH 2 Atz otk AA|
EAo) AR Ahs = 2394 6624708 ARSEFITE B AR 9o AE F7& 1€ st
= 2882 ARl HAl AsFol 219 4]0l Fahs 6048705 o]83te] RS Ajtetal, 2¢

2 A7 576709 thal] AE RS o] &3lo] oS35 ©] AFE = http://www.cs.utexas.edu/ user-
syzhang/research/AbileneTM/ol| A Th& WHg 4= Qlty. 28 A} AAAS W=EA7]7] 9)3to] Frac-
tional Seasonal ARIMA, AR-GARCH, Seasonal AR-GARCH®|| th&ll 4] (3.1)3} Z+o] ¥4~ WEksto] 12}
ARt AE AREE AAste] B4E 54 skt

Y,
Z,:log(Y 11)7 X =7 — Z; 283. 3.D
-

olsh Ze Aol e AAG T1FL 1 13} 19 29 2ok 1 12 66247090 theF AR
2% 2% 4 3.3 2ol 9 A=l sl =1 e ARk
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T T T T T T u
0 1000 200 3000 4000 5000 6000 00

a8 1 A AR AL 1Y

T T T T T T u
0 1000 2000 000 400 5000 6000 000

a2l 2: 27 x2S AAY 28

E1: LM test 23}

Order LM Pr>1LM
1 159.8028 <.0001
179.4223 <.0001

3 181.2740 <.0001
4 182.0671 <.0001
5 183.9434 <.0001
6 183.9779 <.0001
7 184.0611 <.0001
8 184.2419 <.0001
9 185.8451 <.0001
10 185.8527 <.0001
11 186.3341 <.0001
12 209.1624 <.0001

#4990 ol E2A Phe U ALE 085 R4S T 7 23} TRE
ND’ E3}7 5] 344] 931, AICS] gho] “TREND' S 284 A ASGL 25 o 27] 2ol o] %
© “TREND'Z37} gl 292 o] 83190}, FARIMA Eael A 21 W3k Ao tjstel & ﬁ"‘—
A5}, Seasonal ARIMA 23 0] &3}o] YA 48 2439 T).
o[ Ak4 B Aol o) AkAl o] EABEAI0] sl LM et AAIhelTh. 1 A3he E 13} 2
o} LM test 23} o]&E4tdo] A3k 22 &E L}EL} AR-GARCH, Seasonal AR-GARCHE 1783}
0w, 4] 3.1)3} o] 21 ARH ARE o831, 23 Y 7|2 AICE /| E02 AES3IT,
Fractional Seasonal ARIMA, AR-GARCH, Seasonal AR-GARCHo|| T} 3} AICE= & 20]|4] & 59} 2t}
1 A3} Holt-Winters 28 oj|A]&= ‘TREND’ 7} gl 2 & o] AMElE 9l o, Fractional Seasonal
ARIMA R &A= ARIMA(3,-0.3884, 1)(3, 0, 1)235, AR-GARCH E38-2 AR(3)(3)233-GARCH(I, 1),
Seasonal AR-GARCH R 3ol 4]:= AR(3)(2)2s3-GARCH(1, 1)(1, 1)pg3 0] A B = lrt. A& 2o of
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i

E 2: Fractional Seasonal ARIMA 2 3 o] w}2 AIC

R AIC
FARIMA(L, d, 1)(1, 0, 1)2s3 ~2998.51
FARIMA(2, d, 1)(1, 0, 1)2ss ~2998.19
FARIMA(L, d, 1)(2,0, 1)s3 —2998.49
FARIMA(2,d, 1)(2,0, 1)2ss —3011.40
FARIMA(2, d, 1)(3, 0, 1)2ss -3019.57
FARIMAQ3, d, 1)(3,0, 1)2ss ~3086.56

+d9) e A3 AT d = -0.3884% JEH

= 3: AR-GARCH R g of u}-2 AIC

o3 AIC
AR(1)(1)235-GARCH(1, 1) ~976.42
AR(2)(1),33-GARCH(1, 1) ~1223.55
AR(1)(2)283-GARCH(1, 1) ~1449.52
AR(3)(1)235-GARCH(1, 1) -1222.71
AR(3)(2)233-GARCH(1, 1) ~1672.54
AR(3)(3)233-GARCH(1, 1) ~1837.29
AR(4)(1),33-GARCH(1, 1) ~1717.95
AR(2)(3)288-GARCH(1, 1) ~1836.39

H 4: Seasonal AR-GARCH & 3 o] w}& AIC

23 AIC
AR(1)(1)288-GARCH(1, 1)(1, 1)28g —-2213.73
AR(2)(1)288-GARCH(1, 1)(1, 1)283 —2511.10
AR(1)(2)288-GARCH(1, 1)(1, 1)288 —2589.40
AR(3)(1)288-GARCH(1, 1)(1, 1)288 —2831.26
AR(3)(2)288-GARCH(1, 1)(1, 1)288 —2984.43
AR(3)(3)288-GARCH(, 1)(1, 1)2ss —-2884.17

5 TEAH~ 2L 4 A3

Model Variable Estimate Standard Error t Value p value AIC
LEVEL 0.649314 0.008441 76.92162 < 0.001
1 TREND 0.001000 0.004293 0.23292 0.815834 190841
SEASONAL 0.022781 0.002151 10.58905 < 0.001
2 LEVEL 0.648905 0.008429 76.98337 < 0.001 190834
SEASONAL 0.022739 0.002149 10.57944 < 0.001 )
o B4 FAGE E Sol A & 83} 2k,
245 7t najo] Bag o] fajo] 622 1 et REL B 98] 294 A= 576719

(3.2)

A7 n2 B A2 A 5 &g xE Foln, vi= AA
oA} AA gk, Vi iAol thet el S gkelth. 2 R ol thisf 4] 3.2)8 ©)83) 4H=3 RMSE+ &
99} At} & 99| A3E HH TE-HEA BYo] 7P A Ageo] H= Ao YEyon, dhgso
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I 6: Fractional Seasonal ARIMA &4~ &7 A3}

Variable Estimate Standard Error t Value p value
d —-0.3884
01 -0.0796 0.0134 -5.93 <.0001
0, —-0.0803 0.0131 -6.12 <.0001
03 0.8995 0.0130 69.18 <.0001

01(288) 0.7760 0.0110 70.05 <.0001
@1 -0.1878 0.0185 -10.11 <.0001
03 —-0.1858 0.0185 -10.04 <.0001
@3 0.8081 0.0184 43.82 <.0001
h1(288) 0.9932 0.0045 216.82 <.0001
T 7: AR-GARCH 24 4 23}

Variable Estimate Standard Error t Value p value
o 0.2101 0.0110 19.06 <.0001
[0y 0.1629 0.0109 14.97 <.0001
?3 0.0179 0.0108 1.65 0.099

$1(288) -0.3081 0.0093 -33.22 <.0001
$2(288) -0.2152 0.0105 -20.54 <.0001
$3(288) -0.1716 0.0107 —-16.11 <.0001
g 0.0160 0.0010 15.32 <.0001
g 0.2462 0.0160 15.42 <.0001
Bi 0.4236 0.0280 15.14 <.0001
I 8: Seasonal AR-GARCH 24~ 7% A3}

Variable Estimate Standard Error t Value p value
b 0.2620 0.0116 22.61 <.0001
[0y 0.1772 0.0106 16.74 <.0001
b3 0.0140 0.0095 1.47 0.1411

$2s8 -0.3167 0.0131 -24.16 <.0001
$576 —-0.2499 0.0140 -17.89 <.0001
g 0.0009 0.0002 3.40 0.0007
g 0.0861 0.0078 10.99 <.0001
@ogs 0.1057 0.0101 10.51 <.0001
Bi 0.0224 0.0099 2.25 0.0244
Bss 0.7689 0.0174 44.15 <.0001
H9: 7t 230 m2 RMSE
Holt-Winters FSARIMA Seasonal AR-GARCH

0.3141

0.3656

0.4004

2+ FSARIMA S| 23 2]

[}
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}osw Aoz ek
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4> 9l FARIMA WM, o] B44S Awd 4= 9= AR-GARCH 23, AR-GARCH E o] A&AR
2 F3FA]7] Seasonal AR-GARCHS o] &3}o] AA| Ao Agts] 2ot 7 B3 TE-YAE A 2
o] Aol 718 7 dlal, I th=2 & FARIMA 23] Aol ¢ sl 5ol & o &
< 3719 vhFst AR AR 548 1eld Y| F5 B 7S Alste] o5 e Al
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A Study on Performance Analysis of Short Term Internet
Traffic Forecasting Models

M. H. Ha%, H. G. Son¢, S. Kim!-¢

“Department of Applied Statistics, Chung-Ang University

Abstract

In this paper, we first the compare the performance of Holt-Winters, FSARIMA, AR-GARCH and Seasonal
AR-GARCH models with in the short term based data. The results of the compared data show that the Holt-
Winters model outperformed other models in terms of forecasting accuracy.

Keywords: Internet traffic, AR-GARCH, Fractional Seasonal ARIMA, Seasonal AR-GARCH, Holt-
Winters.
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