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Abstract
This paper proposes a method for generating adap-

tive knowledge base involving two knowledge repre-
sentations – rule and case. Combining rules and
cases makes it possible to solve problems accurately
and quickly, and to acquire new cases from problem-
solving results. The proposed method does not require
manually adjustment of the thresholds and provides
highly qualified solutions. This paper also proposes a
Japanese-to-Braille translation system which uses the
adaptive knowledge base as mentioned above. Exper-
imental results have showed that the case acquisition
can reduce errors, and that the threshold adjustment
significantly reduces segmentation errors.
keywords: knowledge base, rule-based reasoning,
case-based reasoning, threshold adjustment, Japanese-
to-Braille translation

1 Introduction

Rules and cases are valuable knowledge represen-
tations that mutually supplement drawbacks of each.
While rules embody understanding that has been codi-
fied over the years by experts, cases contain the knowl-
edge of a domain in a relatively unprocessed form.
Rules are appropriate for representing general domain
knowledge and cases are appropriate for representing
the exceptions of that knowledge[1, 2, 3]. By combin-
ing rules and cases, it is possible to solve problems
accurately and quickly, and to acquire new cases from
problem-solving results[4, 5].

In previous methods using both rules and cases[4,
5, 6, 7], rule-based reasoning (RBR)[8] is performed
first, and then case-based reasoning (CBR)[1, 2, 3] is
performed. RBR solves a problem tentatively, but also
chooses an exceptional case set. Retrieving the chosen
cases, instead of all cases, reduces the processing time
of case application, consequently a drawback of CBR.
In the previous methods, only a common threshold

of similarity is used to judge which exceptional cases
should be applied. Although the threshold is manually
adjusted, such adjusting is difficult because the appro-
priate threshold differs with each exceptional case.

In this paper, we propose an adaptive knowledge
base (AKB), which is composed of a rule base, an
indexed case base and a method for adjusting cases’
thresholds. The proposed method eliminates the man-
ual adjustment of the threshold and provides higher
qualified solutions than the existing methods with the
same knowledge base. In AKB, each case has a thresh-
old in order to reuse exceptional cases that the existing
methods cannot reuse because of the unified threshold.
The thresholds are automatically adjusted after case
acquisition. Providing a threshold for each case makes
it easier to automatically adjust thresholds. Moreover,
adjusting the threshold for each case increases the op-
portunity of reuse and decreases the risk of incorrect
use.

This paper also proposes a Japanese-to-Braille
translation system AJ2B which uses AKB as men-
tioned above. Japanese-to-Braille translation is a task
involving two procedures – sentence segmentation and
kanji-to-kana conversion. Accurate automatic trans-
lation is difficult due to the ambiguous, complicated
rules peculiar to Japanese-to-Braille translation and
Japanese language itself. A Japanese sentence is a
string of characters concatenated without blanks, so
spaces must be inserted between words to get a proper
interpretation. Kanji must be converted to kana, be-
cause Braille characters expressing Japanese corre-
spond only to kana.

Experimental results shows that the case acquisi-
tion can reduce errors, that the threshold adjustment
significantly reduces segmentation errors, and that the
proposed system reaches almost the same translation
quality as the most popular software on the market
called “Extra Ver.4.0.”
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Figure 1: Boundaries depending on TC .

2 Proposed adaptive knowledge base

2.1 Overview

In an attribute space, rules are represented as
hyperrectangles and cases are represented as points
whose coverage areas become Voronoi diagram. Al-
though RBR quickly solves problems by applying a
few rules, irregular or exceptional problems are diffi-
cult for RBR to solve. CBR can accurately solve these
problems by applying many cases. Unfortunately, pro-
cessing time increases proportionally to the number of
cases used.

AKB utilizes rules to represent general knowledge,
and cases to represent exceptional knowledge. This
causes the knowledge base to maintain only negative
cases, which have different operators from rules that
they belong to. Positive cases, which have the same
operator as rules that they belong to, are used only
for learning process, not for solving problems. Conse-
quently, the proposed knowledge base solves problems
more accurately than RBR and more quickly than
CBR because of less amount of knowledge than CBR.

2.2 Problem solving process

The fundamental idea of combining rules and cases
is to apply the rules to a target problem to produce a
draft solution; but if the target problem is judged to
be compellingly similar to a known exceptional case of
the rules, then the exceptional case is applied rather
than the rules[4, 5, 6, 7]. The idea above is therefore
realized through the following procedure:

Step 1: Use the rules to select an operator to apply.

Step 2: Search for exceptional cases that would con-
tradict this choice of operator, stopping if
and when a compelling case is found.

Step 3: If a compelling case was found, apply the op-
erator it suggests, else proceed to apply the
operator suggested by the rules.

2.3 Threshold adjustment

In the existing method using both rules and cases,
the case coverage areas become hypersphere whose ra-
diuses are decided by the unified threshold TC in the
attribute space. Large TC prevents incorrect case ap-
plication, but it also decreases the chances to reuse
cases correctly are also decreased. In contrast, small
TC makes case coverage areas large and increases the
changes to apply cases, but it increases the possibility
of inadequate case application.

The AKB involves a threshold adjustment method
for the hybridization of rules and cases. First, in the
proposed knowledge base, each exceptional case has
a threshold for deciding whether the case should be
applied. This enables control of influence sphere at
every exceptional case. Second, each threshold are
adjusted automatically at a learning stage, while the
existing method requires a developer to adjust the uni-
fied threshold manually. The AKB, therefore, reuses
cases which are not reused efficiently in the existing
method and prevents reusing cases which are reused
incorrectly in the existing method.

The thresholds are adjusted one by one by the fol-
lowing procedure:

Step 1: Initialize a threshold TCx of an exceptional
case Cx by 1.0 − δT .

Step 2: If TCx ≤ T
(L)
Cx

, terminate.

Step 3: For all learning data PL in the root rule of
Cx:

Step 3a: Apply Cx if Sim(P, Cx) > TCx .

Step 3b: If no error occurs, TCx ← TCx −ΔT and
go to Step 2.
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Figure 2: Japanese-to-Braille translation process.

Step 3c: If errors occur, TCx ← TCx + ΔT and
terminate.

3 Application to Japanese-to-Braille
translation

The task for translating Japanese into Braille is de-
fined as translation of mixed Japanese into Braille, and
is done in two steps – sentence segmentation and kanji-
to-kana conversion. A Japanese sentence is a string
of characters concatenated without blanks, so spaces
must be inserted between words to get a proper in-
terpretation. Kanji must be converted to kana, be-
cause Braille characters expressing Japanese corre-
spond only to kana.

The many translation rules that must be obeyed,
are themselves ambiguous and full of exceptions[7, 9].
In sentence segmentation, for example, rules require
that semantic and phonetic information be considered.
In kanji-to-kana conversion, rules for distinguishing or-
dinary vowels are unclear, i.e., ‘ ’, ‘ ’, ‘ ’, ‘ ’,
and ‘ ’, and the symbol ‘ ’ , denoting a long vowel,
are used in writing, whereas a long vowel in regular
Japanese is only used to express words of foreign ori-
gin or imitation sounds. It is thus very difficult to rep-
resent rules so that they are followed automatically by
a computer.

Cases and rules segment sentences and revise
strings in a draft. A rule consists of an operator (ex-
ample: insert a space), conditions for applying the

operator, and a priority score to resolve rule con-
flicts. A condition is stated by checking the value of
an attribute. Attributes are obtained by morpholog-
ical analysis, e.g., parts of speech, character type, a
mora, and reading which is a pronunciation written in
kana. All of those attributes are defined as symbolic
attributes.

A case consists of an operator, a set of attributes of
morphemes to which the operator of this case makes
revision, and an identification number of a root rule,
i.e., the rule for which the case is an exception. We
define an object to which an operator of a rule or a case
makes revision, i.e., a string or an interval between
characters, as a spot.

4 Experimental results

We compared AJ2B and the most popular Japanese-
to-Braille translation software on the market — Extra
Ver.4.0. A document “The Copyright Act” is used for
evaluation. In the document, all sentences are divided
into two groups — even sentences for training and
odd ones for evaluation. The opposite experiments
in which odd sentences are used for training and even
sentences for evaluation are also performed. J2B[6, 7]
is also tested for evaluating the effectiveness of thresh-
old adjustment and case acquisition.

J2B and AJ2B utilizes a Japanese morphological an-
alyzer called ChaSen with modified dictionary which
does not involve extra foreign compound words. AJ2B
parameters are decided as follows: T L

CR
= 0.9, T L

CS
=

0.9, ΔT = 0.01.
Figure 3 shows the number of errors and translation

time of the proposed method and Extra in each ex-
periment. Errors are categorized into pronounce and
segmentation errors.

As shown Figure 3), case acquisition in J2B is signif-
icantly effective in decreasing errors. This is because
“The Copyright Act” is a document that defines laws
and that involves a lot of the same wording and quite
similar wording. The important point to note is that
the case acquisition in J2B can eliminate almost half
of segmentation errors . This indicates that the flex-
ibilty of cases is effective in representing exceptional
segmentation knowledge of Japanese-to-Braille trans-
lation. In addition, the threshold adjustment can also
reduce segmentation errors to almost 80% of J2B with
cases. This indicates that the threshold adjustment
can expand the flexibility of each case. In contrast,
the threshold adjustment has no effectiveness on pro-
nounce errors because cases for revising the pronounce
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Figure 3: Experimental results

errors should be applied only to the same or quite sim-
ilar wordings.

A glance at the graphs in Figure 3 also reveals that
the threshold adjustment does not affect the transla-
tion time, although translation time increased by using
cases.

5 Conclusions

In this paper, we proposed an adaptive knowledge
base composed of rules and cases. The proposed
knowledge base acquires exceptional cases from exist-
ing Braille documents and adjusts their threshold for
judging whether the case should be applied or not.
Experiments in Japanese-to-Braille translation prob-
lem showed that acquiring cases and adjusting their
thresholds reduce errors.
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