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A Connectionist Approach to Numeric Law Discovery

KAzuMI SAITOt and RYOHEI NAKANO?

The discovery of an underlying law from a set of numeric data is the central part of sci-
entific discovery systems. This paper proposes a new connectionist approach to numeric law
discovery. In order to efficiently and constantly obtain near-optimal results (law-candidates),
we introduce a new second-order learning algorithm; by adopting a quasi-Newton method as
a basic framework, the optimal step-lengths are calculated as the minimal points of second-
order approximations. The Minimum Description Length criterion selects the most suitable
from law-candidates. The main advantage of our method over previous work of symbolic or
connectionist approach is that it can efficiently discover numeric laws whose power values
are not restricted to integers. Experiments showed that the proposed method works well in

Sep. 1996

discovering such laws even from data containing a small amount of noise.
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Tablel Original problem.
2= MSE f#i MDL fé BB B e ERRE R
v M best avg. s.d. best avg. s.d. | avg. s.d. | avg. s.d.
1 0.126 0.13 0.0 -177.9 —-178 0.0 71 1.0 0.32 0.01
2 0.000 0.0 0.0 —1786.4 —1786 0.0 81 8.4 0.68 0.07
3 0.000 0.0 0.0 —1759.9 -1717 64 130 29 1.65 0.36
y = 2.000 + 3.000z1 °%x} %% + 4.000z; %z 00z }-000
1 A SFARMETRE L ikl
Fig.1 Discovered law for original problem.
®2 #HIEME
Table2 Modified problem.
2= MSE f#& MDL ffi bl 8 LRIy Y
7 % | best avg.  s.d. best avg. s.d. | avg. sd. | avg. s.d.
1 1.317 1.32 0.00 56.7 57 0.0 70 5 0.32 0.02
2 0.000 0.03 0.17 —1786.4 —~1731 314 116 27 0.97 0.23
3 0.000 0.00 0.00 —1760.0 —1727 47 240 104 3.02 1.31

y = 2.000 + 3.000z; "°%z3:°% + 4.000z} 000§ 500z ;0333

2 BIRETRN L i

Fig. 2
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Table3 Noise tolerance.
o= MSE 1 MDL ffi WAL S FRRE Y
v M best avg. s.d. best avg. s.d. | avg. sd. | avg. sd.
JAXBHYA) T RE
1 0.160 0.16 0.0 —154.0 —154 0.0 68 4 0.31 0.02
2 0.009 0.01 0.0 —416.0 —416 0.0 93 9 0.77 0.07
3 0.008 0.01 0.0 —405.5 —405 0.8 784 81 9.80 1.02
74 XEHEIERE
1 2.326 2.33 0.0 113.6 114 0.0 90 12 0.41 0.05
2 0.010 0.03 0.21 —403.9 —-399 53 228 134 1.90 1.11
3 0.009 0.01 0.0 —388.9 —385 1.2 753 127 9.41 1.58

y= 1.968 + 3. 0281131 000 0. 9691,;0 .007 ;0 007xg 004330 0081_—0 007 0 001

—0.027_-0.014 1. 70 8,..—0.02 — 14
+3 880.’1:100 xZO T} 025 2995xé 048 00 T, Ol'g 010 900

y= 2.012 + 3 0041:1—1 .000 %0019:6—0 0011‘(; 001

+3. 983230 002 —0 003.’E:l; 0221,0 500.’E 0.333x6—0.005I:{—O.OOZz(B).OOSm;O.OO?'

B3 /AX&GFLCT— 72O RWLAEN

Fig.3 Discoverd laws from data containing noise.

y—20+3()z}0z§0+39x§0z10x10
y=2.0+3.027 0230 + 4.023 0l P27 %°

B4 B2 M TR AL 7RISR
Fig.4 Results rounded off to the first decimal place.
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