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Abstract

Hantology is the abbreviated name for Hanzi
Ontology, an ontology based on the conven-
tionalized conceptual orthographic system of
Chinese characters (or kanji). We treat the
Chinese writing system as a linguistic ontol-
ogy since it represents and classifies lexical
units according to semantic classes. This lin-
guistic ontology is robust enough to endure
over 3000 years of use by the most populous
people, as well as adaptation by neighboring
languages. In this paper, this robust and richly
encoded ontology is fully and explicitly stud-
ied. We map Hantology to SUMO (Suggested
Upper Merged Ontology) for systematic and
theoretical discussion. In addition, the com-
plete Hantology is fully encoded in OWL for
sharability and for semantic web applications.

1. Introduction: Hanzi and Conventionalized
Conceptualization

Can an ontology be psychologically real and be
evidenced by shared human experience? This is one
of the critical issues that linguistic ontologies, such
as WordNet (Fellbaum, 1998), try to answer. The
successful applications of WordNet in research
seem to give a positive reply to this question. How-
ever, all the conceptual relations (or lexical seman-
tic relations) of WordNet are annotated by experts,
and not conventionalized. Hence there is no direct
evidence of the psychological reality. We observe
that there is indeed a human language writing sys-
tem that has conventionalized a system of semantic
classification. The system is richly structured and
robust, having been used continuously for over
3000 years, and adopted by neighboring languages.
This is the writing system of the Chinese characters
{(hanzi, or kanji in Japanese). We develop a linguis-
tic ontology to represent the knowledge structure of
Chinese characters’ radicals, orthographic forms,
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variants and derived words. In this paper, we focus
mainly on the knowledge structure of Chinese char-
acters’ radicals.

1.1. The Chinese Writing System

For syllabic and alphabetic writing systems, a
character is a writing unit representing a phoneme
or a syllable. Because the number of phonemes is
finite, we only need finite phonetic symbols to rep-
resent sounds of words for a language. For the Chi-
nese writing system, however, a Chinese character
is a writing unit that represents a concept. Through
over 3000 years of use, the complete Chinese writ-
ing system consists of at least 40,000 characters and
perhaps has over 100,000 including variants. Each
character represents one or more different concepts.
Unlike alphabetic or syllabic characters, the Chinese
characters not only represent concepts, they are also
classified according to a set of semantic symbols. In
other words, the linguistic ontology of Chinese
characters is explicitly marked with logographic
features.

1.2. Logographic Features of Chinese Characters

Generally speaking, each Chinese character is
composed of two parts: a radical representing se-
mantic classification, and a phonetic indicating
phonological association. This generalization ap-
plies to the majority of Chinese characters, though
not all. A minority estimated at less than 20% of all
Chinese characters show other forms of composition.
However, it is still true that these characters contain
at least one semantically significant component. A
small set of examples based on the radical & ma3
are given below to show the range of assigned
meanings. In these examples, & ma3 is both a char-
acter and a radical denoting ‘horse’:

B a kind of horse
£%: many horses



B%: to ride a horse
B%: a good horse

% to be scared (referring to a horse)

The Chinese characters shown above suggest that
radicals are indeed concept-based. Ilowever, it also
showed the conceptual clustering is more complex
than a simple taxonomy. We continue with the ex-
ploration of the system of conceptualization govern-
ing the constructions of Chinese characters.

1.3 Bootstrapping Conceptual Representation of
Chinese Radicals

Any formal account of a conceptual system faces
the dilemma of choosing a representational frame-
work. Since a representational framework is itself
build upon certain conceptualization, any choice is
potentially an a priori distortion of the account. A
possible solution to this dilemma is a shared upper
ontology that is conceptually complete and yet gen-
eral and robust enough to cover different conceptual
systems under consideration. We adopt the Sug-
gested Upper Merged Ontology (SUMO, Niles and
Pease 2001) in this study. All concepts expressed in
Chinese characters are mapped to SUMO represen-
tation in the hope that the mapping can be trans-
formed to a specialized ontology later.

One of the first implications of adopting SUMO
representation is the fact that we are now able to
show how knowledge inference can be achieved
with the linguistic knowledge provided by radicals.
Based on the linking between SUMO and WordNet
(Niles and Pease, 2003) the following inference is
possible whenever an English word is linked to the
‘fish’ node in SUMO:

(subclass Fish ColdBloodedVertebrate)
(disjointDecomposition ColdBloodedVertebrate
Amphibian Fish Reptile)
(:>
(instance ?FISH Fish)
(exists
(?WATER)
(and
(inhabits ?FISH 7WATER)
(instance 7WATER Water))))

What is unique with Chinese characters is that the
writing system encodes this conceptual link without

any extra cost. Basically, all characters containing
the &, “fish’ radical can be assigned to this SUMO’s
concept with the same knowledge inference.

2. General Framework (Chou 2005)

In this paper, we elaborate the theoretical moti-
vation as well overall design of Chou’s (2005) dis-
sertation. Chou (2005) proposes Hantology, a for-
mal explicit representation of conceptualization for
Chinese writing system. In this thesis, he takes Chi-
nese characters are fundamental linguistic units and
important resources for natural language processing.
Although it is widely accepted that the Chinese
writing system is richly encoded with semantic in-
formation, a formal account (or ontology) of this
knowledge system has never been proposed. Chou
(2005) focused on how to represent the knowledge
structure of Chinese writing system. Hantology is
proposed as a framework that is designed to give a
felicitous and robust description of the knowledge
structure of Chinese characters and the Chinese
writing system.

Hantology describes orthographic forms, phono-
logical forms, senses, variants, variation and lexical-
ization of Chinese writing system. The orthographic
forms of Chinese writing system is ideographic or
word-syllable characters. In general, each Chinese
character is not only a writing unit but also itself a
word or morpheme. The most important feature of
Chinese writing system is that orthographic forms
and senses are extensions of semantic symbols, so
the concepts indicated by semantic symbols become
the core of Chinese writing system. In this study, we
use 540 radicals of ShuoWenlieZi (Xyu 121) as
basic semantic symbols. To enable the conception
and relation of semantic symbols to be processed by
computer systems, the concepts indicated by each
radical are analyzed and mapped into IEEE Sug-
gested Upper Merged Ontology (SUMO). In addi-
tion, adopting SUMO allows Hantology to integrate
and share with other ontologies like WordNet or the
Academia Sinica Bilingual Ontological WordNet
(Sinica BOW, Huang et al. 2004).

The senses represented by each Chinese charac-
ter are mapped to SUMO to formally account for
their conceptualization and their dependency rela-
tions. The derived lemmas are organized by their
different senses in order to express the morphologi-
cal context. Since some senses are dependent on



their pronunciations, the relation between pronun-
ciations and senses are described. In Chinese writ-
ing, there are lots of variants which are different
orthographic forms of the same word or morpheme.
A linguistic context is proposed to describe the rela-
tions of variants. To make knowledge easily shar-
able, we establish a model expressed by Web On-
tology Language-Description Logic (OWL-DL).
This model integrates General Ontology for Lin-
guistic Description (GOLD, Farrar and Langendoen
2003) framework to provide linguistic meta-
knowledge, such as orthography, morphology, and
syntax, for natural language processing.

Lastly, a knowledge-based solution to the prob-
lems of missing characters encoding and interpreta-
tion, as well as robust information retrieval of char-
acter variants are given to exemplify Hantology’s
application in NLP. We propose an interchange
framework and Missing Characters Description
Language (MCDL) for describing missing charac-
ters. Experiment results show that the missing char-
acters and variants retrieval problems can be solved
success[ully by Hantology and interchange [rame-
work proposed in this thesis.

In sum, Chou (2005) made substantial contribu-
tions in the following areas:

First, the proposal and construction of a new
linguistic ontology describes the knowledge struc-
ture of Chinese writing system. Hantology is the
first linguistic ontology of ideographic writing sys-
tems. This approach significantly augments knowl-
edge available to the Glyph-based Chinese encoding
systems. It also allows this systemic knowledge to
be applied to facilitate natural language processing.

Second, we propose a linguistic context for de-
scribing the relation of character variants (Huang et
al. 2005). Chinese character variants are an impor-
tant characteristic of Chinese texts. Unfortunately,
so far, the relations of variants have not been prop-
erly represented. For this, we proposed a linguistic
context for describing the relation of variants.
Evaluation results show that this linguistic context
provide significant improvement over previous
counterpart schemes.

Third, we propose a knowledge-based frame-
work to describe language variation. Language al-
ways changes over time. Any linguistic ontology
should not ignore the variation of language. Hantol-
ogy is the first linguistic ontology describing the
variation of languages. The aspects of variation

described by Hantology include orthographic form,
pronunciation, sense, lexicalization and variants
relation. This approach can systematically illustrate
the development of Chinese writing system.

Lastly, the missing characters and variants re-
trieval problems are solved. It is an essential re-
quirement to properly represent characters and sym-
bols for any information processing. However, cur-
rent Chinese computer systems fail to meet this
requirement for decades. Consequently, users al-
ways have to face the missing characters and vari-
ants retrieval problem. We propose to change the
representation of Hanzi to increase the knowledge
owned by computers. By integrating missing char-
acters with Hantology, the missing characters and
variants problem are solved successfully.

3. Conceptualization and Classification of the
Radicals System

Since the invention of the Chinese characters is
the beginning of conventionalization of the Chinese
language, there is no documentation of the princi-
ples governing the construction. Fortunately, we do
have a classical text that is reasonably close to the
origin of the Chinese characters. This is ‘The Ex-
planation of Words and the Parsing of Characters’
ShuoWenlieZi (Xyu, 121). ShuoWenlJieZi identifies
540 radicals (bu4shou3, literally ‘head of classifica-
tion’) for Hanzi. Although later studies, including of
excavated data, necessitate revisions of the
ShuoWenlJieZi system and interpretation, it is still
the most widely accepted system that also happens
to be the closest to the original interpretation.

3.1. Mapping Radical-based Semantic Classes to
SUMO

In order to faithfully show the original conceptu-
alization of Chinese characters, we take the com-
plete set of radicals of the ShuoWenJieZi as seman-
tic symbols. For formal representation as well as
ease of comparative study, they are mapped to the
SUMO upper ontology. The conceptual classifica-
tion of each radical is determined based on two
sources of information. The first is the dictionary
explanation given in ShuoWenJieZi. However, this
source may contain errors caused by the author’s
idiosyncratic interpretation or the lack of data. For
instance, ShuoWenJieZi give distinctive account of



the two bird-related radicals. It is said that & (114
derived characters) refers to long-tailed birds, while
4 (38 derived characters). However, when these
152 bird-related characters are examined, the gener-
alization cannot be attested. Hence we conclude that
the concept for both radicals is simply ‘bird’.

The second, and in fact the more authentic and
reliable, piece of evidence we use is the shared
meaning of the family of derived characters sharing
that radical. That is, the most reliable evidence to
identify the semantic class is to look at the shared
semantics of the class members. The most produc-
tive radical among the 540 radicals is /K ‘water’,
which has 467 characters derived from it. In is im-
portant to note that some radicals may represent
more than one concept and hence require multiple
inheritance, as allowed by SUMO. An example is
# ‘rain’, which will be linked both to the ontology
node of ‘water’ and ‘WeatherProcess.” Sinica BOW
{(Huang et al., 2004) is used when looking up for the
SUMO correspondences for some characters. Most
mapping tasks rely on human analysis.

4. The Ontology of a Semantic Radical

One illuminating discovery that we made while
trying to map radicals to ontology nodes is that each
radical actually represents a cluster of concepts that
can be associated to the core meaning by a set of
rules. We take the ¥ cao3 ‘grass’ radical for in-
stance. It is generally accepted that  represents the
concept ‘plants’.

Figure 1. Conceptual Classes Represented by Radi-
cal P (CAO3)

Of the 444 characters containing the semantic
symbol ¥, there is no doubt that they are all related
to the concept ‘plant’. But what is surprising is that
the conceptual clustering is not simply of taxonomy
classification. As seem in figure 1, there are four

productive relations described by the radical: being
a kind of plant (e.g. orchid), being a part of a plant
(c.g. leaves), being a description of a plant (e.g.
fallen (leaves)), and being the usage of a plant (e.g.
medicine). The concepts of most radicals that repre-
sent concrete objects can be classified into name,
part, description and usage. For example, the con-
cepts represented by radical %(horse), 3 (goat) and
#-(cow) also could be divided into the same four
classes.

We observe that this is similar with theory of
generative lexicon (Pustejovsky 1995), where for-
mal, constitutive, telic and agentive constitute the
qualia structure of a word and provide the motiva-
tions for semantic changes and coercions. It is inter-
esting to note that all except the Agentive aspect
were attested with the conceptual clustering of Chi-
nese characters derived from the grass radical. Since
Pustejovsky’s Agentive aspect is strongly associated
with artifacts and other human creations, it is not
unreasonable that the radicals based on natural ob-
jects lack any obvious semantic extension on how it
was created. In addition, the descriptive attributes
can be subsumed by the formal aspect of the qualia
structure.

Indeed, the Agentive aspect is attested by a dif-
ferent radical that is conceptually associated with
man-made objects. The radical that we take as ex-
ample is 4 jinl ‘metal’. Since metals are not use-
ful to human in its natural form, they are shaped by
human to become different tools. In the conceptual
clusters classified according to the 4 radical, there
is a substantial sub-set defined by how a metal ob-
ject was made, as in Figure 2.

SRARSS4R-

production

Figure 2. Conceptual Classes Represented by Radi-
cal & (JINI)

It is also interesting to observe that there is no in-
stantiation of the Constitutive aspect for the 4
metal radical. This can be easily explained since

10



metal in its natural form is a mass and does not have
any components. Hence we show that the seeming
idiosyncrasies in the conceptual clustering under
each radical is actually dependent on real world
knowledge. Hence we find the conceptual structure
of encoded by radicals in the Chinese writing sys-
tem supports Pustejovesky’s theory of Generative
Lexicon and Qualia structure. These are the same
principles used for deriving Chinese characters 3000
years ago suggests that there is cognitive validity.

5. The Architecture of Hantology

Based on what described above, each radical is
the head of a semantic class. Hence, each radical
forms a small ontology itself, governing all the con-
cepts and words derived from it. Each concept then
can be mapped to a SUMO ontology node. Hence
we have a matrix system linking two sets of hierar-
chically ordered ontology, as shown in Figure 3.

Matrix at tiri}e t;

SUNfO bense G1
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s 1= [or; 1 |-
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Figure 3. Mapping Hantology to SUMO at Time
ti

The content of Hantology is time sensitive. Since
language and writing systems change over time,
there will be variations of the Chinese writing sys-
tems too. With a temporal scale added to Hantology,
we will be able to trace the form and meaning
changes over time. For any specific time, as illus-
trated in fFgure 3, each radical is actually repre-
sented by a small ontology, which is the clustering
of concepts related to the head concept. These con-
cepts can be mapped to the shared upper ontology
of SUMO. But most important of all, the linguistic
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coding space is a matrix of senses x glyphs. The
figure shows some of the possible relations among
the characters. In this diagram, ‘O’ stands for the
original meaning, ‘D’ stands for derived meaning,
and ‘L’ stands for loaned meaning; while ‘P’ stands
for pronunciation. The design of Hantology allows
each historical era to be represented; hence the evo-
lution of the linguistic ontology can be observed.
Most of Chinese characters represent concepts.
The same concept may be represented by many
different Chinese characters. After thousands years,
there are very complicated variant relation among
Chinese characters. The design of all computers’
encoding systems, including Unicode, is based on
alphabetic writing systems. For computers encoding
system, each character is assigned a unique code. If
two codes are different, then, they are assumed to be
different characters. However, for Chinese writing
system, this assumption is too strong. In Chinese
writing system, different characters codes may be
the same characters. For example, 3f and #f, arc the
same Chinese characters but encoded with different
Unicode. Actually, 3% and 3% are variants. Variants
are the main reasons that Computer applications are
not able to process Chinese characters properly.
Because variants relations are important features in
Chinese writing system, we develop a framework to
describe variants relations. This framework consti-
tutes with several dimensions including sense, pro-
nunciation, time, place, and constraints of derived
words.
(1) sense
Most Chinese characters are morphemes or
words. The sense dimension concerned what
senses both characters can represent the same con-
cepts.
(2) pronunciation
The sense of Chinese characters depends on the
pronunciation. If the pronunciation changes then the
sense are also different.
(3) time
Variant relation is not stable because the sense
changes over time. It is important to describe the
dynamic features of variant relation.
(4) place
Because Chinese characters don’t represent
directly the pronunciation of words, they are
used by different place.
(1) constraints of derived words
Although the same concept can be represented



by variants, some words only use specific char-
acter.

In Figure 3, glyph G2 and Gl are variants in
sense 4 at time t;. Glyph G2 and G3 are variants in
sense 5 at time t;. Figure 4 illustrates the interaction
among sense, time, and place. ¥ and % were vari-
ants of the same character before Qin. However,
they did have variant relation after Tang. On the
other hand, P9 and B were variants of the concept
door in the Yen region, but, % did not have the
door meaning in the Qi region.

4 Place (F'fl,[j'ﬁ'ﬁ)-Yen
r (FE= Sense
) | D@

Qin T
dynasty dynasty Song
dynasty

Figure 4. Character Variants: Temporal and Loca-
tional Depencies.

Chinese characters can generate words. In mod-
ern Chinese language, most words consist of two
characters. To reflect this feature, the words gener-

ated from each character are described in Hantology.

Figure 5 illustrate the relation among characters,
words and synonyms.

Synopym
Gy(simple word)
........ Gnimarteompoynd)
............. G1Ga(derived w rd).
...... G2Ga(simple word) A
L e Gs
Synse} ju- [l
Synsef / S
Synsel 1 _~<#
[
N cA e Gm S0

Sense
Glyph

Figure 5. Words Generated from Chinese Charac-
ters.

6. Formal Representation of Hantology

The Semantic Web initiative not only underlines
the need for automatic semantic processing by the
web and highlights the crucial role of ontology as
the infrastructure of knowledge representation.
Hence, the fact that there is a widely used linguistic
ontology with overt encoding of semantic classes is
significant. It is worthwhile to see covert this lin-
guistic ontology to a formal representation that can
be accessed in the Semantic Web. Since OWL (Web
Ontology Language) has been designated as the
Web Ontology Language for W3C, we adopt OWL-
DL to formally represent Hantology. The successful
implementation is significant in two ways (see Fig-
ure 6). First, it will facilitate exchange and process-
ing of knowledge represented in Chinese texts ad
well as allow web-based applications. For instance,
since Japanese texts are also encoded in Chinese
characters (i.e. kanji), Hantology can serve as an
infrastructure for exchanging Japanese to Chinese
information. Second, converting the Hantology to
formal representation allow us to check the consis-
tency of the ontology.
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Figure 6. OWL Semantic Model of Glyph in Han-
tology.

Unicode differentiates many characters which
only have micro difference at glyph level. Actually,
they are only variants of the same characters. This
glyph-based design may cause many problems. For
instance, these variants may be treated differently
even though they should have the same semantic
content. This problem cannot be solved with encod-
ing systems. It would be necessary to explicitly
describe the relations among these characters.
Adopting OWL-DL can solve this problem. OWL-
DL has inference function that will allow computers
to identify Chinese characters properly the character
variants:

If hasGlyphInUnicode(Gy,Unicode;) and has-

GlyphInUnicode(Gy, Unicodey)
then Unicode;=Unicode;

for examples :

if hasGlyphyInUnicode(G;, 3%.) and hasGlyphyln-
Unicode(G;, 3t.)

then 3= 3

if hasGlyphyInUnicode(G;, #) and hasGlyphyIn-
Unicode(G;, #F)
then #F=xRF

if hasGlyphyInUnicode(Gy, ) and hasGlyphyIn-
Unicode(Gy, %)
then H=#%#

In addition, because Chinese characters have
been used for thousands years, the glyph of each
character is different on different period. These
relationships are described in Hantology. The de-
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scriptions of glyphs include kaishu, lesser-seal,
bronze and oraclebone scripts. If two glyphs have
evolution relationships, then, hasAncientGlyph and
isAncientGlyphOf predicates are used. hasAncient-
Glyph and isAncientGlyphOf predicates both have
inversed and transitive features that are able to
infer evolution relationships. The statements of
hasAncientGlyph is shown as follows (also see
Figure 7):

if  hasAncientGlyph(G;, Gj )
then isAncientGlyphOf(G;, G))

if  hasAncientGlyph(G;, Gj ) and
hasAncientGlyph(G;, G )
then hasAncientGlyph(G;, Gy )

hasAncientGlyph
—

,Q?v\\ /,0&{3 has

-

isAncientGlyphOf hasAncientGlyph

Figure 7. Ancient Glyphs and Inferred Glyphs

The name space of Hantology on the web is
http://'www.ntu.edu.tw/2005/Hantology.owl# . We
give a semantic model of the part of Hantology that
describes Glyph as an example in figure 6.

7. Results

7.1. Towards a Knowledge System based on Chi-
nese Characters

The knowledge structure of Chinese radicals has
been built. There are 3000 high frequent characters
described in Hantology, including their ortho-
graphic forms, senses, variants and generated words.
The whole knowledge structure formed by radicals
is large, so only a part of results are shown in this
paper. Figure 8 shows the knowledge structure of
radicals about animals. This draft ontology can be
pruned and re-arranged later to show more faithfully
the system of conceptualization as encoded when
Chinese characters were invented.



MLFERTE | ATET BEER
EERERR || BEEE BB
HAHEAR || BRELR BRRS
KREREEE R Eﬁggg -
SHERRERS L syvpwn H =
%ﬁ?@sﬁﬁz G o] B ek f"f:ﬁ
,,,, sonme || e R —
%W%Eﬁ‘lﬁi A E@;& “':.“. insect | B [‘.“‘
: snollusk £ myriapod d -E- '
E_: 1nvertebrat£worm 37 arachni carromjgig) cam?eelm e:
5 . t
anifhal arthropodl Y ?r?;ritrlrfal hommld
worm blog&ed mammal 4 primat ?mﬂn
Verte ra,g/ertebrate \’ -'blrd. hoofed, monkey‘ :
." 1d blooded ’ﬁSh .\ mammal pe E::
H Vertebrate < \‘ marsupial :"
INIES YR e ALF
xpERy | smg || . xT
R NLFRTE| |57
Pk |rrunnx | L8R
enamns | | SIANER [an
s FRERR
BETHESE -
ZHE —

Figure 8. Knowledge Structure of Animal-related
Radicals

7.2. Accessing Hantology
As a knowledge base that has a rich time-depth as

well as glyph representations, we designed an inter-
face such that the many-layered ITantology knowl-

edge can be effectively accessed. With this interface,

a user can browse by form, including the semantic
components of a character, by meaning, or by vari-
ants. A web-based version is being constructed now
for wide access.
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Figure 9. Radical Classification by SUMO

In the above figure, we show one of the features
of our interface system. For this application, a user
can identify all radicals according to an ontological
concept as defined in SUMO. A possible applica-
tion, of course, is for a web-based user to execute a
meaning-based web-search without having to know
the Chinese language and also achieve much higher
conceptual recall without having to list all related
lemmas.

8. Conclusion

Chinese characters explicitly encode convention-
alized conceptualization. However, this knowledge
structure has never been utilized in language proc-
essing before. It is well-established practice in com-
putational linguistics to manipulate lexical and in-
ter-lexical level knowledge, such as the very active
research based on WordNet. However, the knowl-
edge encoded on Chinese characters is intra-lexical
and are embedded in the orthography. In this paper,
we focused on how to represent the knowledge
structure formed by Chinese characters. This
knowledge is an important part of Hantology. Han-
tology is a formal representation of the linguistic
ontology conventionalized with the Chinese writing
system. We show that the radicals, the semantic
symbols, do form a robust and well-accepted con-
ceptual system. In addition to explore the possibility
of representing a conceptual system that has been
implicitly followed by users of the same writing
system, we also tried to explicitly define the rela-
tions within the system and make the information
useful. The historical depth of Hantology will allow
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us to examine how knowledge systems evolve
through time.
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