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Discovery of Exception Knowledge Based on
Multi-dimensional Normal Approximations

EINOSHIN Suzukit

This paper presents an algorithm for discovering exception knowledge from data sets. A
piece of exception knowledge, which is defined as a deviational pattern to a well-known fact,
exhibits unexpectedness and is sometimes extremely useful in spite of its obscurity. Previous
discovery approaches for this type of knowledge have neglected the problem of evaluating the
reliability of the knowledge extracted from a data set. It is clear, however, that this question
is mandatory in distinguishing reliable knowledge from unreliable patterns without annoying
the users. In order to circumvent these difficulties we propose a probabilistic estimation ap-
proach in which we obtain a piece of exception knowledge associated with a piece of common
sense knowledge in the form of a rule pair. Our approach discovers, based on the normal ap-
proximations of the multinomial distributions, rule pairs which satisfy, with high confidence,
all the conditions such as the simplicity, the unexpectedness and the goodness-of-fit to the
data. The time efficiency of the discovery process is improved by the newly-derived stopping
criteria. PEDRE, which is a knowledge discovery system based on our approach, has been
validated using the benchmark data sets in the machine learning community.
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Table 1 The rule pair with its associated reference rule discovered by PEDRE
from the census data set, where the salary class is the only attribute
allowed in the conclusions.
Y2 2 (min) (min)
No. Bsn—n A (min) cAA p(c]A) (min)
BRE L — L (max)
relationship=Husband — class < 50K 19,716 (19,444) 10,870 0.551 (0.542)
1 C, workclass=Private, occupation=Exec-managerial — class > 50K 1,933 (1,792) 1,417 0.733 (0.700)
workclass=Private, occupation=Exec-managerial — class > 50K 3,995 1,889 | 0.473 (0.499)
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Table 2 The rule pairs with their associated reference rules discovered by PE-
DRE from the mushroom data set, where the edibility class is the only
attribute allowed in the conclusions.
E— (min) (min)
No. B — A (min) ¢cAA | B(clA) (min)
BV — v (max)
bruises=f, g-size=b, stalk-shape=e — class=p 1,828 (1,734) 1,332 | 0.729 (0.703)
1 C, stalk-root=? — class=e 480 (415) 480 1.000 (1.000)
stalk-root=? — class=e 2,480 720 0.290 (0.318)
g-attachment=f, stalk-root=? — class=p 2,288 (2,187) 1,760 | 0.769 (0.747)
2 C, g-size=b, stalk-shape=e, veil-color=w — class=e 480 (415) 480 1.000 (1.000)
g-size=b, stalk-shape=e, veil-color=w — class=e 2,636 1,232 0.467 (0.497)
stalk-root="?, sp-color=w — class=p 2,240 (2,139) 1,760 0.786 (0.764)
3 C, g-attachment=f, g-size=b, stalk-shape=e — class=e 480 (421) 480 1.000 (1.000)
g-attachment=f, g-size=b, stalk-shape=e — class=e 2,618 1,232 0.471 (0.498)
stalk-root=7?, sp-color=w — class=p 2,240 (2,139) 1,760 0.786 (0.764)
4 C, g-size=b, stalk-shape=e, veil-color=w — class=e 480 (421) 480 1.000 (1.000)
g-size=b, stalk-shape=e, veil-color=w — class=e 2,636 1,232 0.467 (0.495)
le+8 /A
N/A -
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Fig. 1 Performance of PEDRE with/without the
stopping criteria (white/black bars).
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