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Revised GMDH Algorithm Using Principal Component-Regression Analysis™*

Tadashi Konpo**

In this paper, a revised GMDH (Group Method of Data Handling) of multiinput-singleoutput
type algorithm is developed by using principal component-regression analysis.

In previous GMDH algorithms, the optimal partial polynomials, which are generated by using
the second degree polynomial of the two variables in each selection layer, are accumulated in
multilayerd structure to construct the complete polynomial. But, in a high order selection layer,
many combinations of two variables generate multicolinearity in partial polynomials and this
presents a severe problem in estimation accuracy of model parameters. The nonlinear models
which contain multicolinearity in the partial polynomials lack in stability and can not be used
in prediction problems.

The revised GMDH in this paper generates some optimal partial polynomials which are
identified by using principal component-regression analysis in each selection layer, and the
complete description of the system is constructed by combining these optimal partial polynomi-
als in multilayerd structure. The principal components which construct the partial polynomials
are perendicular each other and so the partial polynomials generate no multicolinearity.

The revised GMDH algorithm is applied to a simple illustrative example and compared with
the result obtained by the previous GMDH algorithm.
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Table 1 gif[zli)rgeters of the identified model by the revised ;3. oXic, Table 2 'Gﬁ:bf:%t#ﬂ%ﬁ%ﬁ@ﬁ{@@
a® 0.582  0.000 0.000  0.000  0.402 K& &% Fig. 3Ry, MEoE2ETE, 5HEOREE
The 0.582  0.582 —0.328 —0.326 —0.329 EOAFDE % OFRIEHTHIE D RIZ->TWEY, &
th —0.690  0.689 —0.004 0.158 —0.153 ' ‘ _
layer c® | —0.003 0.003 0.816 —0.403 —0.413 Table 2 Eigenvalues in each selection layer
0.154 —0.157 —0.004  0.693  —0.687 Layer | A, 2, A3 A4 As | Proportion
0.402  0.401  0.475  0.475  0.475 0.019 1.395 0.039 3.527 0.020 | 0.9844
d® 0.564 —0.167 0.413  0.049  0.000 0.017 1.983 0.058 2,927  0.014 | 0.9820
0.548  0.579 —0.345 —0.300 —0.339 ! 0.018 2.903 0.091  1.987  0.000 | 0.9780
—0.689  0.679 —0.035  0.200 —0.164 1.959  2.991 0.035 0.000 0.015 | 0.9900
c® 0.401  0.403  0.487  0.473  0.466 0.553  0.324 0.504 1.455 2.163 | 0.7236
. 0.164 —0.201  0.004  0.691 —0.675 0.800 0.331 1.316 0.755  1.798 | 0.6228
?)T_‘;g 0.023 —0.035 —0.802  0.410  0.432 2 1.452  0.134 2.833  0.564  0.017 | 0.8570
layer a® 0.570 —0.245 0.416  0.087  0.000 1.674  0.270  2.854  0.059  0.144 | 0.9056
0.590  0.565 —0.358 —0.296 —0.341 1.192 0.014 3.624 0.170  0.000 | 0.9632
—0.676  0.680  0.013  0.184 —0.217 1.157  0.020 3.587 0.235  0.001 | 0.9488
c® 0.402  0.413  0.467  0.465  0.463 8 1.129  0.032 3.721 0.118  0.001 | 0.9700
0.178 —0.220 .—0.041  0.717 —0.636 1.219  0.005 3.759 0.017  0.000 | 0.9956
—0.040  0.020 —0.795  0.384  0.467 1.092 0.001 0.000 0.002 3.906 | 0.9996
a® 0.377 0.363  0.455  0.506 —0.427 1.097  0.001 0.000 0.003 3.900 | 0.9994
0.770 —0.226 —0.011 —0.519  0.294 4 1100  0.001  3.898 0.000 0.001 | 0.9996
0.014  0.517 —0.356  0.225  0.745 0.010 1160 0.000 3.752  0.078 | 0.9824
c® | —0.104 0.595 0.685 —0.406  0.039 1.100° 0.000 3.900 0.000 0.000 | 1.0000
0.518 0.049 0.464 0.716 —0.038 1.092  0.000 3.908 0.000  0.000 | 1.0000
—0.357 —0.570  0.435  0.047  0.596 5 1.094 0.000 3.905 0.001  0.000 | 0.9998
dP 0.422  0.174  0.428 —0.070 —0.569 1.099  0.000 0.000 3.899  0.001 | 0.9996
0.709  0.064 —0.011 —0.681  0.171 »
;‘?IZ —0.172  0.694 —0.116 0.061  0.687 ﬂ
layer cP 0.482 —0.059  0.639  0.547  0.239 o .
0.367 —0.286 —0.747  0.432  0.217 ¥ X%&??
—0.316 —0.655 0.145 —0.235  0.628
d? 0.609 —0.125 —0.257 0.000  0.534 0.9 |- X
0.631 0.386  0.323  0.590 —0.031 - x
—0.260 0.748  0.025 —0.195  0.578 R
Cc® | —0.297 —0.454 0.525  0.356  0.551 T 08
—0.022 —0.090 —0.782  0.528  0.318 5
0.668 —0.278 —0.088 —0.457  0.510 < o7 - X
d® | —0.675 —0.093  0.000  0.492 —1.941
0.703  0.014  0.011 —0.711 —0.017 y
—0.490  0.512 —0.017 —0.487  0.511 0.6 |-
c® | —0.270 —0.428  0.820 —0.262 —0.053
0.430  0.419  0.525  0.432  0.421 0.5 1 I I 1 L
0.089 —0.616 —0.226  0.054 0.748 1 2 3 4 5
P 0.000 —0.187 0.000 0.472  0.000 Layer
0.700 —0.218 —0.127 —0.601 0.292 Fig.2 Change of eigenvalues in the revised GMDH
—0.425  0.565 —0.001 —0.425  0.565
Cc§¥ | —0.168 —0.155  0.795 —0.463 —0.318
0.464 0.350 0.574 . 0.461  0.348 A 4 4 4
lT_‘:: —0.203 —0.698 0.150 0.177 0.611] 4 4t H PR R
Jayer | 45° | 0.000 0.230 0.000 0.499 0.000| g |* —
0.723  0.026 —0.068 —0.686 ~ 0.026| =23 =X 3]  yx 3 3r 3
0.330  0.480  0.569  0.328  0.480| 2 . /
e | —0.174 —0.327 0.820 —0.289 —0.327| & 2f P I 2F 2t 2
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Fig.4 Change of AIC in the revised GMDH
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Fig.5 The prediction results by the revised GMDH
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Fig.6 Residuals of predicted values by the revised GMDH

Table 3 Accuracy for various standard deviations of noise (&)

5 Bl OB A 0~40,000 OFEIPH T H S.D. of(r;())ise (&) 7 %) T, (%) AIC 11;';\2
BTLEEMT DL, BARORMDIEN 25 0.85 0.79 —226.8 0.9996
NSV Ebhb, BE, BEOE 50 0.88 0.86 —225.0 0.9996
ISRy 2 F 2O ENA e/ 4 75 0.93 0.95 —222.8 0.9995
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Table 4 Accuracy of the revised GMDH and the previous
GMDH

Type of GMDH Ji (%) T (%) AIC
Previous GMDH 5.63 5.57 —156.0
Revised GMDH 0.85 0.79 —226.8

F— 5 X AHEEERERT.
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