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Abstract

Forecasting the future values of an observed time series is an important problem in many
areas, including economics, traffic engineering, production planning, sales forecasting, and stock
control.

The purpose of this paper is aimed to discover the more efficient forecasting model through
the parameter estimation and residual analysis among the quantitative method such as Winters'
exponential smoothing model, Box-Jenkins' model, and Kalman filtering model.

The mean of the time series is assumed to be a linear combination of known functions.

For a parameter estimation and residual analysis, Winters, Box-Jenkins' model use Statgrap
and Timeslab software, and Kalman filtering utilizes Fortran language.

Therefore, this paper can be used in real fields to obtain the most effective forecasting model.
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132
1) MARE (Mean Absolute Relation Error)
_ 1 [ X=X
= N2 X (12)
2) MAE (Mean Absolute Error)
= ﬁz | Xo—Rw] 13
3) RMSE (Root Mean Square Error)
= Vl/NZ[X(t)-X(t) 12 (14)
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A2 e WA FEA
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19 24 39 49 5¥ 69 79 89 99 109 19 12¥
112 118 132 129 121 1% 148 148 136 119 104 118
15 126 141 135 15 149 170 170 138 18 14 140
145 150 178 163 172 178 199 199 184 162 146 166
171 180 193 181 183 218 230 242 209 191 172 14
19 196 236 235 229 283 264 272 237 21 180 20
04 188 2B 227 24 B4 N2 293 K9 229 203 29
42 233 27 %69 20 315 b4 AT 32 24 W7 7
B4 217 317 313 38 314 413 405 3D A6 271 6
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40 318 362 343 363 435 1 5056 404 39 30 ¥
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+& Winters 28 & o] 83ld A&d HZ A9 FAHL Statgraps o] L3t 2¥HE APY:
ot et 2Tt Winters gl 93t o,8,79 HA PP FFE <H 32>oA HE uie} go]
2+ 03,01, 092 BAHAAUSH, o|wje] o] Zgtl MSE(Mean Squared Error)7t 7414 Hop g of
g A g a4 &g A '
<E 33> A HE Ao o9 FHUY 4MEd AF F2dE e Yehdh
<E 32> Winters 280 23 A4 A5

Data‘kk.varl Percent:.95
Forescast summary ME. MSE. MAE MAPE MPE.
Winter: 0.1 0.2 0.3 211075 210273 11.1509 3.94737 0.67694
Winter: 02 03 0.1 1.34604 368781 13.9969 4.53341 0.05070
Winter: 0.3 0.1 0.3 173833 212737 105107 357180 0.36176
Winter: 02 04 06 0.35210 166..882 9.30916 3.36495 0.05264
Winter: 02 03 0.7 0.38909 159.191 9.24898 3.34687 0.10800
Winter: 02 03 0.8 0.28252 170672 971262 3.47927 0.09429
Winter: 0.3 0.1 08 0.99582 136450 8.69343 3.14408 0.34275
Winter: 0.3 01 09 0.90169 135369 863507 3.14633 0.33378
Winter: 0.2 03 0.9 0.14366 192.347 10.3999 3.66872 0.07106

<E 33> @=0.3, =0.1, y=0.991 9% 233 48 F24F g

Varables: Air FORECASTS (length = 24)
(1) 446718 (13) 483.245
( 2) 419.143 (14) 453.183
( 3) 464.086 (15) 501.522
( 4) 496.441 (16) 536.221
( 5) 507.413 (17) 547.801
( 6) 575.338 (18) 620.832
(7) 667278 (19) 719.69%
( 8) 659.239 (20) 710.689
(9) 552.454 (21) 595.292
(10) 495.353 (22) 533516
(11) 422.054 (23) 454.363

. (12) 467.79 (24) 503.373

3.2 Box-Jenkins 289 H&
Box-Jenkins 28l 9&A <E 34>3 <HE 35>0M B utel o] ARIMA 28 35 MA()
o] HHolm AXAHE Zte A9 ¢HHYA ANALL 13 FEE 2o HHolz} A}
<E 34> I 89 A3

Residual Summary
Number of observations = 131

Residual average = 0.0478685

Residual variance = 138.579

Residual standard error = 11.772

Coeff. of skewness= 0.0683579 standard value = 0.31941
Coeff. of kurtosis = 1.0992  standardized value= 2.56807
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<E 36> gad MA() 239 F 4L i HHe F24FE BgFD Yok £,
<Y 31>A BE ute Zo] 13 ALstd EAF Ao dFHez YEhgoen JIAEE EA
gt A= White Noise #39 78 2A oRYA F&E BAFT Ao
<E 35> EF F39 29 23

Estimated begins......

Initial: RSS = 177419 b = 0309815 0.1 0.183206
Final: RSS = 177382 ... stopped on criterion 2
Summary of Fitted Model for: KKK.Varl
Parameter Estimate Stnderror T-value P-value
MA(1) 31164 08445 3.6%005 .00033
SMA(12) 11168 10248 1.08975  .75787
MEAN .20010 64760 .30899 75783

CONSTANT 20010

Model fitted to differences of order 1

Model fitted to seasonal differences of order 1 with seasonal length = 12
Estimated white noise variance = 138579 with 128 degree of freedom.
Estimated white noise standard deviation (std err)=11.772

Chi-square test statistic on first 20 residual autocorrelations = 20,5951
with probability of a larger value given white noise = 0.300332
Backforecasting: no Number of iterations performed:

<¥ 36> Box-Jenkins Z¥el A 2d € F84Z &

Variables: Bj.FORECASTS (length = 24.3)

(15,1) 490.573
(16,1) 527.15
(17,1) 539.903
(18,1) 602.34
(19,1) 688.269
(20,1) 675.729
(21,1) 578371
(22,1) 530.913
(23,1) 463.203
(24.1) 505.547

(15,2) 409.606
(16,2) 440.705
(17,2) 448307
(18,2) 505.868
(19,2) 587.155
(20,2) 570.177
(21,2) 46856
(22,2) 417.003
(23,2) 345.336
(24,2) 383.852

q F 3 % 2 ¥
( 1,1) 447433 (1,2) 424135 ( 1,3) 470.731
( 2,1) 422514 (12,2) 394229 ( 2,3) 450.798
(3,1) 454523 (32) 422008 ( 33) 487.038
( 4.1) 4909 (142) 454645 ( 43) 527.155
( 51) 503.453 (52) 46381 ( 53) 543.097
( 6,1) 565.691 (62) 522926 ( 6,3) 608.455
( 7.1) 651.419 (72) 605746 ( 7,3) 697.092
( 81) 638679 ( 82) 590.272 ( 83) 687.086
(91) 54112 (9,2) 490.126 ( 9,3) 592.115
(10,1) 494.462 (10,2) 440.006 (10,3) 546.919
(11,1) 425552 (11,2) 369.742 (11,3) 481.363
(12,1) 467.6% (12,2) 409627 (12,3) 525.765
(13,1) 483.082 (132) 41437 (13,3) 551.794
(14,1) 458.363 (14,2) 383273 (14,3) 533.453

(15,3) 571539
(16,3) 613.59%
(17,3) 631.499
(18,3) 698.813
(19,3) 789.384
(20,3) 781.281
(21,3) 683.181
(22,3) 644.823
(23,3) 581.07
(24.3) 627.242
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18}

38 F:

8 38 .68 98 128 158
time index

<19 31> #F A8E 134 ALY ANALY AP 8y 25

3.3 Kalman Filtering 71 ¢ H&

Kalman Filtering 7M€ #4% 2% <F 37> 93 MARE, MAE, RMSE, Equality
Coefficient gtellX B wvie} o] & FHAF(EC)E 934%2 dE&5Ho sl gz s A3
g g 5 9t

<# 37> Kalman Filtering =8¢ 9% &9 43
Steps  Observed Predicted  Residual = Avg_Qesid

1 112E+03 J12E+03  -500E-01  .500E-01
J118E+03 J112E+03 DH94E+01  5H E+01
JA32E+03  120E+03  124E+02  .124E+02
129E+03 140E+03 J40E+02  .107E+02
J21E+03 134E+03 J34E+02  .126E+02
135E+03 J119E+03 J19E+02  158E+02
J48E+03  .137E+03  .137E+02 .112E+02

J48E+03  157E+03  .157E+01 .900E+01
136E+03  .155E+03 -190E+02 .190E+02

J19E+03  135E+03 -.156E+02 781 E+01
J04E+03  .109E+03 ~-522E+01  .174E+01
J18E+03  BGE+03  .284E+02  .709E+00

B W DN i e e b b e e

130 H3BE+03  497E+03  3B1E+02 .293E+00
131 622E+03  570E+03  519E+02 396 E+00
132 B06E+03  681E+03 -750E+02 568 E+00
133 H0BE+03  650E+03  -.142E+03 .107E+01
134 A61E+03  494E+03 -.334E+02 .249E+00
135 390E+03  410E+03 -200E-02 .148E+00
136 ~ 432E+03  327E+03  .105E+03 .775E+00

abs error sum. : 421E+04
abs mean error. : .310E+02
rel abs mean error.: .539E-03

Equality coeff . 934E+00
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= gA 0@ Lo g wde], 53 qE&ryoz @] 2y A Ay syoln AF
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