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Rule Formulation Based on Inductive Learning for
Extraction and Classification of Diagram Symbols
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This article presents a rule formulation system capable of both extraction and classification
of symbols, which indicate gates, wires, etc., in vectorized logic circuit diagram images. This
study attempts to create a method to formulate rules for not only classification but extraction
of symbols by directly treating sub-symbolic descriptions. Our method for extraction and
classification is as follows. First, the prohability of a pair of line-segments to be a member of
a line-segment set which corresponds to an individual diagram symbol is calculated. By the
cluster analyses regarding the probability as similarity measure, the sets of line-segments
corresponding to an individual diagram symbol are extracted. These sets of line-segments are
classified according to the feature of line-segments in each set. To calculate the probability
above, we propose a rule descriptive language (Extended Decision Lists) and a rule formula-
tion algorithm for this language (Algorithm MOKSHA). In order to formulate stochastic
rules, our algorithm uses Rissanen’s Minimum Description Length Criterion. Our study
empirically shows that it is feasible to extract and classify symbols.
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Fig.1 Framework of extended decision lists.
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Table 1 Attributes of line-segments and of their relations.
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Fig.5 Rule formulation from examples, and extraction and
classification of diagram symbols by the rule.

1 (waemge
LRBREDH 1
By LBFRD
1R R
2 mW
BRELZHE 1
185 LBERD

2R B
l%ﬁﬁﬁ&@ﬁﬁ}

4.
BAREDER |
HEEMRTS
BAOKE
5 (mooxaonm |
i - WA
EEH

HhoAmofEdal L HEORFHRE 2, RABERT -5 %,
ZUTKRHBEFHRE T T AN L HOZRT.

6 EIEERG DR & D FIE
Fig.6 Flow of extraction and classification of diagram sym-
bols.
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Table 2 Mean and standard deviation of accuracies of line-
segment classification based on line-segment attrib-
utes alone by applying C 4.5 and MOKSHA.
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Table 3 Mean and standard deviation of accuracies of line-
segment classification based on both attributes and
relational ones of line-segment.
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Table 4 Mean of probabilities that a pair of line-segments
consists of a diagram symbol.
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Table 5 Mean of accuracies of line-segment pair
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classification. Table 6 Kullback-Leibler divergence.
WK Z RS 05 | 10 | 16 | 20 | 30 AN 05 | 10 { 16 | 20 | 30
1 RIEPEFEER 696 | .778 | .785 | .790 | .864 1 R HEER 304 | 179 | 174 | .174| 082
ig 77 FAxy b 1EE| .643|.771 .796 | .819 | .889 zg 77 A%y b 1RE | 496 | .230 | .164 | .122 | .072
77 ARy~ 2%ER| 607 | .683 | .749 | .795 | .873 77 A%y b 2% | 546 | .346 | .229 | .137 | .056
1 RIBTESEER 8191 .909 | .929 | .933 | .932 . 1 RIEMESERR J117|.007 1,010 | 021 | .050
gg 77 A%y b 158|775 914 | .931 | .933 | .933 gg 77A%y bk 15ER | .214 | .010 | .009 | .021 | .050
77 A%y ~2%KE | 739 .912| .930 | .933 | .933 77 A%y b 25%EE | 289 | .011 | -010 | .022 | .052
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Table 7 Mutual information.

BRI ASH 05 | 10 | 16 | 20 | 30
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ig 27 A%y 1HEER | .322 | 320 | .247 | .227 | .197
77 Rey b 2FEER | 297 | 305 | .242 | .225 | .189
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Fig.7 A result of extraction of diagram symbols by our
method.
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Table 8 Mean and standard deviation of accuracies of
symbol classification.
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