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® ¥ 4 & : Unicode 6.0 has encoded more than 75,000 Han
characters in its repertory, and in the near future,
1t 1s expected that Unicode will encode more than
100, 000 Han characters. However, most systems
equipped with their default font display and input
method subsystems support only 20,902 Han characters
encoded in Unicode CJK Unified Ideograph in the first
release of Unicode 1.1. Nowadays, there are some
systems supporting the use of 32-bit Unicode
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characters, and thus Han characters encoded in
Unicode CJK Unified Ideograph Extensions A to D. When
suitable font files are installed, users can use all
characters encoded in the Unicode repertory. However,
most widely-used Han character input methods are
incapable of looking up these newly-encoded Han
characters. Due to the Unicode unification mechanism,
a Han character that has several similar shapes might
have been assigned to several unique codepoints, each
of which identifies a shape; or, a Unicode Han
character might also represent many characters, which
have similar shapes and are used in different
regions. A Unicode Han character shown on a user s
screen or printed on a paper is probably different
when different font files are used. As a result, it
1s hard for a generic user to look up a Han character
encoded in Unicode.

In the previous NCS project in 2009, we had developed
a Unicode Han character lookup system. An algorithm
1s devised to calculate the similarity of the shapes
of two Han characters. Thus, users can input a
similar-in-shape Han character to look up a Han
character whose shape he or she does not exactly
know. For example, users can use = # to look up ’
£ or &’

Sometimes, 1t 1s convenient to look up Han characters
via components. Traditionally, Han character lookup
via components requires good knowledge of exact
components. However, it is hard to input certain
components. For example, users cannot input the
bottom component of ° %’ to look up this character.
In this project, we had enhanced this system by
supporting lookup via similar components. As a
result, users can easily input = X%  to look up ’
# . We had integrated this subsystem into
International Encoded Han Character and Variants
Database (at http://chardb. iis. sinica. edu. tw).

Unicode ; Han Character ; Character Lookup ;
Component
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Abstract

Unicode 6.0 has encoded more than 75,000 Han characters in its repertory, and in the near future, it
is expected that Unicode will encode more than 100,000 Han characters. However, most systems equipped
with their default font display and input method subsystems support only 20,902 Han characters encoded
in Unicode CJK Unified Ideograph in the first release of Unicode 1.1. Nowadays, there are some systems
supporting the use of 32-bit Unicode characters, and thus Han characters encoded in Unicode CJK Unified
Ideograph Extensions A to D. When suitable font files are installed, users can use all characters encoded in
the Unicode repertory. However, most widely-used Han character input methods are incapable of looking
up these newly-encoded Han characters. Due to the Unicode unification mechanism, a Han character that
has several similar shapes might have been assigned to several unique codepoints, each of which identifies

a shape; or, a Unicode Han character might also represent many characters, which have similar shapes and
2



are used in different regions. A Unicode Han character shown on a user’s screen or printed on a paper is
probably different when different font files are used. As a result, it is hard for a generic user to look up a
Han character encoded in Unicode.

In the previous NCS project in 2009, we had developed a Unicode Han character lookup system. An
algorithm is devised to calculate the similarity of the shapes of two Han characters. Thus, users can input a
similar-in-shape Han character to look up a Han character whose shape he or she does not exactly know.
For example, users can use “g=” to look up “# > or “&”.

Sometimes, it is convenient to look up Han characters via components. Traditionally, Han character
lookup via components requires good knowledge of exact components. However, it is hard to input certain
components. For example, users cannot input the bottom component of “ ” to look up this character. In
this project, we had enhanced this system by supporting lookup via similar components. As a result, users
can easily input “2 I to look up “ . We had integrated this subsystem into International Encoded Han
Character and Variants Database (at http://chardb.iis.sinica.edu.tw).

Keywords: Unicode; Han Character; Character Lookup; Component;
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Abstract—Most legacy computer systems only well support input
and display of 20,902 Han characters (Hanzis for short) encoded
in Unicode 1.0. In 2010, Unicode 6.0 has encoded 75,616 Hanzis.
However, it is not easy to use these newly encoded Hanzis, even in
the latest computers. Most of these newly encoded Hanzis are
rarely used in daily lives. Some are only used in ancient literature
or individual Sinospherical countries. Users may have confusion
of their glyph shapes, pronunciations, meanings, and usages.
Most Chinese IMEs (input method editors) require users to have
good knowledge of Hanzis. As a result, users cannot input these
Hanzis. We present an auxiliary Unicode Hanzi lookup service
based on glyph shape similarity. One can key in a similar Hanzi
by any IME to look up the wanted Hanzi. Each Unicode Hanzi is
decomposed as a glyph expression. The similarity of glyph shapes
of two Hanzis is calculated based on a derived edit distance on
their glyph expressions. As a result, the system provides users a
convenient way to look up unfamiliar Hanzis.

Keywords: Unicode; Han character lookup; Hanzi; glyph
expression, edit distance.

I. INTRODUCTION

In 1991, Unicode had encoded 20,902 Han characters used
in Traditional and Simplified Chinese, Japanese, and Korean,
in the basic block - CJK Unified Ideographs - in its first version
1.0. We note that Han characters are commonly referred to as
Hanzi in Chinese, Kanji in Japanese, and Hanja in Korean. In
this paper, Hanzi is used for short. Later, as shown in TABLE I,
the number of encoded Hanzis increased as new versions of
Unicode released. In 2010, Unicode 6.0 had totally encoded
more than 74,000 Hanzis [1][2], including those used in Hang
Kong, Vietnam, Singapore, and so on, and in ancient literature.
Most of these newly encoded Hanzis are rarely used in daily
lives. In some sense, this great repertory solves the unencoded
Han character problem' largely. However, it is not easy to use

' The unencoded Han character problem occurs when a wanted Han character
is not encoded in a computer system and thus cannot be used for information
processing. An unencoded Han character in one encoding is possibly encoded
in another encoding. Many Simplified Chinese characters unencoded in BIGS
[6] are encoded in GB-2312 [7]. It is also possible that an unencoded Han
character at this moment will be encoded someday in the future. Before that,
however, users usually have to replace the wanted Han character by one of its
encoded character variants, to use a scanned image, or to use a self-made font
associating with a private code point. In particular software applications, there
exist sophisticated plug-ins for users to search and display some of unencoded
Han characters [12].

Feng-Sheng Lin
Institute of Information Science
Academia Sincia
Taipei, Taiwan (R.O.C)
skyrain@jiis.sinica.edu.tw

these newly encoded Hanzis. Earlier systems typically use 2-
byte Unicode and only install the fonts of the initial 20,902
Hanzis encoded in the basic block. Users cannot use the Hanzis
encoded in the CJK Unified Ideographs Extensions A~D. New
systems, such as Microsoft Windows 7 and Linux, are able to
handle 4-byte Unicode and install suitable fonts. However,
most Chinese IMEs (input method editors) require users to
have good knowledge of Hanzis. A user has to know the
pronunciation, shape, or meaning of a wanted Hanzi. If the
Hanzi has several character variants or similar characters, the
user further has to know which one is wanted and whether it is
encoded in Unicode. It is very likely that the user is unfamiliar
with a rarely used Hanzi, nor the encoding schemes of Unicode.
As a result, the user fails to input these newly encoded Hanzis.

A.  Principles of Unicode Unification for CJK Ideographs

In different time periods and regions, a Hanzi may vary in
its shape, pronunciation, meaning, and usage due to many
reasons. Two shape-distinguishable Hanzis are said to be
character variants of each other if they have the same meaning
and are pronounced the same. Some variations are small, while
others are significant. Among the character variants of a Hanzi,
some are frequently used in one region, and others are in
another region; some were only used in ancient literature, and
new ones were coined now and then. According to Principles
of Han Unification [1][3], these character variants are probably
(1) assigned to different codepoints, as shown in Fig. 1, (2)
unified to share a same codepoint, as shown in Fig. 2, or (3)
unencoded at this time. For case (1), the use of Han character
variants may introduce side effects, as discussed in [4]. For
case (2), users usually have to use some font technologies to
display these character variants. However, if a proper font is

TABLE L. HANZIS ENCODED IN UNICODE 6.0
Codepoint Number of
Block Rarlnge Characters Comment
CJK Unified 04E00-09FA5 20,902 | common
Ideographs 09FA6-09FCB 38
Extension A 03400-04DB5 6582 | rare,
Extension B 20000-2A6D6 42,711 | historic,
Extension C 2A700-2B734 4,149 | some in
Extension D 2B740-2B81D 222 | current use
Compatibility 0F900-0FAD9 474 | duplicates,
Compatibility SF800-2FALD 542 unlﬁable
Supplement variants

“This work was supported in part by National Science Council, Taiwan (R.0.C.), under Grant NSC 99-2221-E-029-035 and NSC 100-2631-H-001-012.
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Figure 1. Hanzi variants are assigned to different codepoints. An empty
cell means the specified standard does not encoded the character. CNS
11643 [5] and BIGS [6], GB 2312 [7], JIX 0208 [8], and KS C 5601 [9]
are regional standards of character set encodings used for Traditional
Chinese, Simplified Chinese, Japanese and Korean respectively.

Unicode ELATE SEEEME

# | i

# | @\ | B
it 5 ]

Figure 2. Unified Hanzi variants share a same codepoint. It is usually
required to use certain font technologies to display these character
variants.

Unicode | i | =28 | %R
#o| W |
B8 it fx
# | @ |

Figure 3. Several Hanzis have the same shape or very similar shapes.

not selected, a user may mistake an encoded Hanzi for
unencoded. For example, a user may mistake 5 for unencoded
if the user only installs 13 %8 and w P $. It is also possible
several irrelevant Hanzis have the same shape or very similar
shapes. They usually had been assigned distinct codepoints, as
shown in Fig. 3.

Usually, a user types a sequence into a Chinese IME to pick
up a wanted Hanzi. If not found, the user may type another
sequence or switch to another IME. Sometimes, the user may
doubt whether the wanted is encoded in Unicode. Unihan
database provides Unicode Hanzi lookup services via radical-
stroke index [10]. International Encoded Hanzi and Variants
Database additionally supports search by components [11].
These services also require users to have good knowledge of
the wanted Hanzi. Furthermore, the radical and number of
strokes of a Hanzi are probably different from the user’s guess
due to the unification process.

In this paper, we present a Unicode Hanzi lookup service,
in which to look up a Hanzi, a user can simply input a similar
Hanzi by any IME. IMEs typically emphasize a high precision
rate of a Hanzi lookup by a short sequence. In contrast to IMEs,
a Hanzi lookup service for rarely used Hanzis should have a
higher recall so that users can find the wanted Hanzi easily. We
use a glyph expression to describe the glyph shape of a Hanzi
[12]. The similarity of two Hanzis is estimated by the edit
distance [13] between the two glyph expressions.

The paper is organized as follows. We describe our method
and related issues in Section II. We present the resultant Hanzi
lookup service in Section III. Finally, we conclude the paper
and give some future direction in Section I'V.
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II.  THE METHOD TO MEASURE THE SIMILARITY

A.  Glyph Expressions

In general, a Hanzi is either an atomic glyph unit, referred
to as a root radical, or composed of several root radicals. For
example, Hanzi 3. consists of two components, 7 and #. It
can be further decomposed into four root radicals, %, ~, ©,
and /U, as shown in Fig. 4. We use “% ~ v Jt” as the reduced
glyph expression of . Fig. 5 shows more examples.

-
=
B L e
o,
o
74 B
Figure 4. Hanzi 3% consists of four root radicals, %, ~, ©,and t.
Reduced Glyph Expression Reduced Glyph Expression
W FAoL R | 2tRo st
AN N = | N % |4 2%
W o % &/ %

Figure 5. More examples of reduced glyph expressions.

B.  Similarity of Two Hanzis

In this study, we estimate the similarity of glyph shapes of
two Hanzis by the edit distance [13] of their corresponding
reduced glyph expressions. The edit distance is defined as the
cost of edit operations required to transform one expression
into the other. We note that the edit distance between
expressions can be easily computed by a dynamic algorithm.
As shown in Fig. 6, we can transform one Hanzi into another,
by insertion, deletion, and replacement of root radicals. Thus,

Cost(+k—>11)=Cost(*, 1).

And
Cost(tk— 1)
=Costy(* )+Costy( P )+ Costy(~ )+Cost(*, 7).
w A & [ #® [=* A |
operations 1 operations ‘d ‘i i vt
H 3 # n E] N #

Figure 6. Examples of transformation between reduced glyph expressions. i,
d, and r beside | denote insertion, deletion, and replacement respectively.

It is trivial that {= is more similar to {7 than &, as shown
in Fig. 7. The cost of insertion or deletion of a root radical is
thus defined as the number of strokes in the root radical.

However, if we transform 4# into 4% by first deleting &
and then inserting # , the cost is high. In this case, the



transformation is done by replacing 4 with %, as shown in
Fig. 8. In other words, there are two cases.

1) For similar root radicals, we want to use replacement
edit operation.

2) For dissimilar root radicals, we want to use insertion or
deletion edit operations.

#

i

operations ‘ T

it

Figure 8. Examples of edit distances

As a result, if two root radicals A and B are similar,
inequality (1) must hold.

Cost,(A, B) < Costy(A) + Cost;(B) (D
Otherwise, if two root radicals A and B are dissimilar,
Cost,(A, B) = Costy(A) + Cost;(B) 2)

Hence, we have to define the similarity of two root radicals
before we define these cost functions.

III. UNICODE HANZI LOOKUP SERVICE

A.  Similarity Between Root Radicals

In [12], there are totally 1,151 root radicals. We have built a
web-based system to manually set the similarity of two root
radicals. As shown in Fig. 9, the similarity of two root radicals
A and B, Sim(A, B), are labeled to 0~4, where 0 indicates they
are dislike, and 4 indicates they are very similar.

| ETTETTTE———
] I_} ‘.no sAnar gwm J - JiE- 400 Tt
o v v R
PRI PR e 77 e
O - Jumum
& @ 0 T
i - ETTT
) - ETTT
f & |3 JumEm
swamszazel f # 0 JumEm
EECEEEE P -
: j L L AN

Figure 9. Setting similarity between root radicals

B.  Implementation

In this study, the cost of insertion or deletion of a root
radical A is defined as its number of strokes, as shown in (3).

Cost;(A)=Costyq(A)=Strokes(A) 3)

The cost to replace a root radical A with B is defined as (4).
This definition obeys (1) and (2) when the total number of
strokes of A and B is more than four. In general, we think
replacement between similar complex root radicals is more
significant, such as 4 and # .

5-Sim(A,B)
Costg(A)+Cost;(B)

, if Sim(A,B)>0
, else

Cost,(A, B)—{ 4)

According to [12], every Hanzi encoded in Unicode CJK
Unified Ideographs and Extension A and B is described by its
glyph expression in [11]. These glyph expressions are further
decomposed into reduced glyph expressions.

The similarity between each pair of Hanzis encoded in
Unicode is calculated by a dynamic programming algorithm
[13]. For a Hanzi, we sort the resultant similarities between it
and all the others and store into database 100 Hanzi candidates
whose edit distances to the Hanzi are smaller than the others.

Currently, we had integrated this service into [11]. Fig. 10
shows a lookup result when a user searches similar Hanzis by
Hanzi 3 , which the user can easily key in by any IME.

it SR

, L
W W TR E T
®Om MWW BWE W R

Figure 10. Similar Hanzi lookup by &

The user can further look up a Hanzi shown on the returned
page for more information, as shown in Fig. 11. Thus, the user
can make sure which one is wanted and its Unicode codepoint.

Bag

(TS

— g

Figure 11. More information about the returned similar Hanzis
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C. Evaluations and Discussions

In the beginning, we tried to solve this problem by OCR
(Optical Character Recognition) software. However, for the
total 70,195 Hanzis printed on image files using standard fonts,
only 3,000 or so of them were successfully recognized by a
commercial Chinese OCR product. Most of recognized Hanzis
were frequently used. We note that most OCR software is not
trained to recognize so many different Hanzis. Furthermore,
OCR software depends on corpuses of phrase to correct its
recognition result heavily. However, in that experiment, the
Hanzis were printed one-by-one and thus not semantically
meaningful.

In this study, we adopt the concept of edit distance between
the reduced glyph expressions of two Hanzis. We examined the
resultant similarities between Hanzis by human. We hired
several students to pick up a most-similar Hanzi in the list of
the 100 returned candidates. They recorded the position of that
Hanzi in the list. As shown in Fig. 12, they almost could pick
up a most-similar Hanzi in the list. In fact, for 86% of all
Hanzis, they could pick up a most-similar Hanzi in the first 20
candidates. However, there were 1,000 or so Hanzis that they
failed to pick up a most-similar Hanzi in the list. For example,
7% and #% were considered as non-similar according to their
edit distance, as shown in Fig. 13.
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Figure 12. This figure shows that most-similar Hanzis picked up by human
are in the list of the 100 returned candidates.

IV. CONCLUSIONS

At the time this paper was written, Unicode has encoded
more than 70,000 Hanzis in its repertory. It is expectedly that
the number will increase to more than 100,000 in the near
future. However, most of these Hanzis are rarely used in daily
lives. As a result, it is not easy for generic users to use these
Hanzis in computers. A reason is that people do not know how
to input these Hanzis into computers by traditional IMEs,
which usually require users to have good knowledge of a
wanted Hanzi. In this paper, we present an auxiliary Unicode
Hanzi lookup service. In contrast to IMEs, the Hanzi lookup
service for rarely used Hanzis should have a higher recall so
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that users can find a wanted Hanzi easily. People can key in a
similar Hanzi by any IME to look up the wanted Hanzi in this
service.

We observed that two similar Hanzis usually can be easily
transformed into each other by insertion, deletion, or
replacement of some radicals. We calculate the cost of these
operations to estimate the similarity of two Hanzis.

Currently, we had not yet considered the relative position
between root radicals. #v and 7. are recognized as similar.
Sometimes it is required and sometimes not. In addition, some
complex root radicals probably can be further decomposed. For
example, B can be viewed as the combination of P and 4.
We note that this kind of decomposition is somehow
unreasonable according to the construction principal of Hanzis.
However, it probably helps the calculation of the similarity of
Hanzis. We will further study these problems in the future.

i1, by
o

Figure 13. Edit distance between 7% and 5%
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