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<Abstract>

This paper is to evaluate the prediction accuracy of neural networks using the famous time
series database. The second Makridakis Competition Data, which is abbreviated as M2 and
consists of 29 time series, is used to test the forecasting ability of Multi-Layered Perceptron
(MLP) and Cascade Correlation Network (CCN). The prediction accuracy of neural networks is
compared with that of ARIMA model in terms of mean absolute percentage error (MAPE).
MLP outperforms ARIMA in terms of fitting and forecasting accuracy, but CCN does not
ourperforms the forecasting accuracy in spite of its excellence in fitting accuracy. T he results

shows that CCN can be a promising tool for forecasting if the learning algorithm of CCN is

improved.
1.
1927  Yule
(Autoregressive, AR) ,
, ARIMA [Box & Jenkins, 1976]
(time-delay) (state space)
[Harvey, 1984]. (Machine Learning)
1980 , ,
[De Gooijer & Kumar, 1992].
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M akridakis et al[1982, 1993]
M akrisdakis Competition
M1 M2, M3
, Weigend Santa Fe NASA
Santa Fe
[Weigend & Gershenfeld, 1994].

(Univariate Time Series

Analysis)
M2
(Multi-Layered Perceptron, MLP) ,
Cascade Correlation Network (CCN) [Falhman & Lebiere, 1990]
ARIMA AUTOBOX V3.0[AFA Inc. 1991]
2.
2.1.

Lapedes & Farber[1987]
MLP

[Werbos, 1988; Weigend et al, 1990,1991; Sharda & Patil, 1992; Jhee & Lee, 1993; Weigend &
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Gershenfeld, 1994; Jhee & Shaw, 1996].
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1) MLP
2) MLP
3) MLP

4)

Geman et al[1992]
Dilemma
Bias
MLP
MLP

CCN

MLP

(Weight Elimination

MLP
Variance

Variance

, White [1988], Fishwick[1989]

Chatfield[1993]

Ripley [1993]

MLP

(Universal Approximator)
[Hornick et al, 1989],

(Invariance

Pruning)

Invariance

, MLP

) MLP

catastrophic effect

MLP

Biag/ Variance

Bias

. Geman et al

, ARMA

MLP

[Jhee & Lee, 1993; Jhee & Shaw, 1996],
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MLP < 1> . < 1> MLP
(one- step- ahead forecast) (multi- step- ahead)
[Weigend & Gershenfeld, 1994;
MLP Hornick et al[1989]
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, MLP
[Ash, 1989; Chauvin, 1989]

MLP
, , Fahlman &
L ebiere[1990] CCN
2.3. Cascade Correlation Network (CCN)
Fahlman [1988] Step- size
Moving Target . Step-size
1
2
[Wasserman, 1995]. Moving Target MLP
MLP
(feature
detector)
. Fahlman Lebiere[1990] Step-size Quickprop
Moving T arget
MLP
CCN < 2> . CCN
CCN
. CCN [1996]
CCN ,
[Prechelt, 1997].
3. M2
M akridakis Santa Fe
. Santa Fe 6 ,
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Santa Fe

M akridakis
M akridakis
M akridakis
1982
[Makridakis et al, 1982]. M1
1001 101
. M1 101
[Sharda & Patil, 1990; Jhee & Shaw, 1996].
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M2 M1
1993 [Makridakis et al, 1993].
M3 [Stewart, 1998]. M2
29 23

. M2 < 1>

< 1> M2
mO001, m002, m003, m004, m005, mO06, 82
m020, m021, m022, m023, m024, m025
m013, m014, m015, m016, m017, m018, 94
m026, m027
m019 45
m028, m029, 237
mO007, m008, m009, m010, m011, m012, 167
4,
4.1,
f MLP CCN ,
ARIMA
, AUT OBOX
3.0 ARIMA ARIMA (p,d,q)
Max(p+ d,q+ 1) [ , 1995; Jhee & Shaw, 1996].
CCN , MLP
. < 1> MLP
MLP



, 0, 1)

1 1 1
12 4 . MLP
50,000 Epochs MLP RMSE 0.0001
, CCN CCN El(Error Index)
0.05 . Noutput , NPattern ,
Output El
_ TrueError
Errorindex = N OutputValuex StdDev
where, T rueError = 2( - )2
NOutputVa lue = Noutputx N Pattern

StdDev = v NOutputx > Output > - ( >.Output) >

MAPE (Mean Absolute Percentage Error)

: L MAPE
_i L |2\t+r' Zt+r|
MAPE = Zl Z. x 100
4.2,
M2 ARIMA, MLP CCN < 2>
MA PE
< 2> mO015 (
INTERSAL) M A PE
< 2> ,
ARIMA . MLP ARIMA
CCN . MLP



< 2> M2 (MAPE)

ARIMA MLP CCN
Fitting Forecasting Fitting Forecasting Fitting Forecasting
1 16.78 10.65 16.27 19.73 186 1294
2 212 169 19.07 14.79 234 1481
3 12.17 176 092 1343 0.73 14.72
4 8.98 1281 947 1135 071 14.89
5 8.63 10.14 9.37 11.19 0.63 1“5
6 8.77 6.01 436 8.09 049 13.19
7 0.79 104 159 485 101 26
8 045 0.37 2.89 5.43 182 434
9 124 0.85 184 113 2.15 09
10 195 204 207 541 168 3.64
11 0.38 0.78 492 6.3 207 549
12 1001 134 10.05 1244 6.39 1561
13 25.12 2551 23.37 19.24 431 2785
1“4 1831 2426 1168 36.84 791 38.64
15 85.89 185.43 87.37 147 .96 6.15 116
16 1761 17.66 16.47 1537 237 189
17 893 842 8.49 9.35 14 14.74
18 464 8.46 5.15 6.43 0.86 76
19 25.39 4802 24.17 2554 5.13 37.78
20 178 32.36 12.44 35.18 3.39 2499
21 17.34 36.42 2248 17.39 47 2597
22 17.38 373 2138 2796 5.88 38.88
23 1756 35.99 25.64 26.93 475 26.63
24 238 252 189 295 05 43
25 27 5.82 332 8.7 0.63 9.72
26 575 467 354 477 0.65 8.97
27 6.87 55 461 531 092 761
28 548 3.4 531 43 106 4.13
29 477 559 4.65 428 09 572
1294 19.98 1258 17.68 253 18.48
(10.36) (14.08) (9.90) (13.02) (2.40) (15.00)
15.96 3443 16.39 26.85 2.15 2172
(7.75) (13.39) (8.00) 9.8)) (2.08) (1117)
CCN
CCN El
< 3> CCN
CCN MLP
ARIMA



< 3> CCN

1 21 7 5 13 14 19 18 25 14

2 33 8 2 14 5 20 17 26 12

3 10 9 5 15 29 21 23 27 11

4 13 10 28 16 13 22 21 28 35

5 11 11 2 17 15 23 33 29 21

6 14 12 41 18 23 24 9
5.
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