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Abstract: The purpose of this paper is to examine how complexities of pre-coordinated classes can influence
mapping quality. Though various kinds of mappings among vocabularies have been achieved and applied, there
is little research directly pointing out the problems that hinder the mapping quality. This paper focuses on the
relationship between the grammatical forms of pre-coordinated classes and semantic mapping quality, in order
to provide useful assistance to the setting and mapping of complex concepts in knowledge organization sys-
tems. A review of the literature on vocabulary interoperability and an empirical study of pre-coordinated
classes in Dewey Decimal Classification (DDC) and Chinese Library Classification (CLC) are presented. As research
objects, the authors have selected two main classes, mathematics and astronomy, in both DDC and CLC. Dis-
tributions in the selected classes are described based on the definition and division of pre-coordinated classes.
We conclude that the high proportion of pre-coordinated classes in both DDC and CLC greatly increase the
difficulty of achieving mapping quality.

Received: 26 March 2015; Revised: 4 April 2015; Accepted: 16 June 2015

Keywords: mapping, classification, pre-coordinated classes, DDC, CLC, concepts

T The authors are grateful to Jo Bell Whitlatch of San Jose State University for modification and guidance.

1.0 Introduction ety of languages and structures and subjects. From map-

Mapping has been used as the main methodology to
achieve interoperability, which is being defined as a way
to establish relationships between concepts of one vo-
cabulary and those of another (International Standards
Organization 2013). Mapping analysis is quite necessary
for vocabulary interoperability in cases where there have
been numerous mapping practices, which refer to a vari-

ping practices, we already know that heterogeneities in-
cluding languages and structures and subjects among vo-
cabularies can affect the final mapping quality. However,
we still need to figure out how heterogeneities influence
mapping quality by paying attention to the concrete de-
tails and then propose methods to avoid or reduce the
loss of information caused by heterogeneities.
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The Dewey Decimal Classification (DDC) is not only a
widely-used classification scheme used by many academic
libraries throughout the world, but also has been applied as
a switch language (Si et al. 2010) by a number of terminol-
ogy services. However, Chinese Library Classification (CLC) is
used to organize collections stored in Chinese institutions.
Interoperability of DDC and CLC can lead to a better
search of resources across different languages and institu-
tions.

Mapping among classification schemes is an important
step in the knowledge organization system (KKOS) because
it improves the interaction in the vocabulaties. Mapping
between DDC and CLC'is the bridge between Chinese and
English KOSs. Both DDC and CL.C are system classifica-
tions, which are typical pre-coordinated languages. Pre-
coordinated classes detail concepts by adding one or more
modifiers before the central word, or define concepts by
the combination of simple concepts. However, because
mapping becomes harder owing to the complexities in pre-
coordinated concepts, concept division is necessary in the
mapping process.

In this paper, we try to analyze how pre-coordinated
classes influence mapping quality. Based on prior expeti-
ence with mapping data, we chose two main classes, which
are mathematics and astronomy, both in DDC and CL.C
for our study. First, we provide a definition and classifica-
tion of pre-coordinated classes because there is no definite
definition of the concept. Second, we display statistical dis-
tributions according to definition of pre-coordinated
classes. Finally, we make an analysis of the relationship of
the form of classes with mapping quality. What we try to
show in this paper is that the pre-coordinated class is a vital
factor affecting mapping quality, which must be considered
when we carry out other vocabulary interoperability opera-
tions. We hope our analysis can provide guidance and ref-
erence for vocabulary mapping in other classification
schemes and even subject heading schemes.

This paper is structured as follows: first, we outline
some research about vocabulary mapping and pre-
coordinated classes, then a brief introduction to CLC is
presented. We provide a definition of pre-coordinated
class, and we present three distributions of DDC and CL.C
separately from whole, syntactic structures and parts of
speech. To conclude we make an analysis about mapping
of pre-coordinated classes from mapping quantities and
mapping types, and we discuss findings and future direc-
tions.

2.0 Related work

At the present time, there is extensive literature as well as
established practices about the interoperability of multiple
information resources. Among these practices, vocabulary

mapping (Doerr 2006) is an important way to recognize
the equivalence of terms, concepts and hierarchical rela-
tionships. Zeng and Chan (2004) point out that mapping
or the establishment of equivalence lies at the heart of cre-
ating multilingual subject vocabularies or merging multiple
vocabularies. In the context of thesaurus development
(Doerr 2006), mapping is also regarded as a central process
of merging thesauri, metathesaurus and cross-concordance
construction, and thesaurus switching,

2.1 Research abont DDC interoperability

Interoperability practices integrate all kinds of heterogene-
ous resources, for instance, resources of multiple lan-
guages, knowledge organization systems (KOS) of differ-
ent structures, coverage of various subjects. These projects
and activities (Zeng and Chan, 2004) have been included in
terms of languages and structures. These projects cover
several interoperability issues involving DDC.

We can classify DDC’s interoperability into two types.
First, is interoperability with other structural types, which
are different from classification schemes, such as maps be-
tween LCSH and DDC (Online Computer Library Center
20006), maps among key schemes (Nicholson and Neill,
2001) like the Library of Congress Subject Headings (LCS H),
UNESCO, DDC, Universal Decimal Classification and the
Art and Architecture Thesaurus (AAT). The second type is
interoperability among different classification schemes,
such as DDC/SAB (Klassifikationssystem for svenska bibliotek),
which maps between the Swedish classification system and
DDC 21 (Svanberg 2000); Renardus, which maps local
classification schemes used in various European subject
gateways to DDC (Koch et al, 2003); MSC and DDC,
which maps (Iyer and Giguere, 1995) between Mathematics
Subject Classification (MSC) and Schedule 510 in DDC.

2.2 Mapping research abont DDC and CLC in China

In research involving DDC in China, researchers have
created maps between DDC and CLC. Dai and Hou
(2005) analyze the differences of class meanings between
CLC and DDC and construct four semantic mapping re-
lationships, in order to achieve automatic mapping ac-
cording to a set of rules of class mapping concluded by
the differences. Jia and Hao (2013) research mapping be-
tween DDC and CLC based on testing direct mapping
data in the fields of science, such as mathematics, phys-
ics, chemistry, astronomy and geography. They conclude
that maps between DDC and CLC are mainly based on
names of classes, scope notes, subject headings and class
relationships (Jia and Hao, 2013). Also they (Jia and Hao,
2012) have analyzed mappings of combined classes be-
tween DDC and CLC by reviewing distribution features
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of combined classes, and classifying combined classes
into four types in the level of semantics, which are co-
ordinative relationships, hierarchical relationships, restric-
tive relationships and cross relationships. Matching rules
(Jia and Hao, 2012) have been studied for each relation-
ship. Mapping between DDC and CLC belongs to multi-
lingual and cross-cultural communication, and DDC and
CLC have different vocabulary structures.

2.3 Difficulties existing in mappings

Though mappings have been established among different
kinds of vocabularies, different degrees of incompatibility
exist in all these heterogeneous resources, for example
(Doerr 19906), different word uses, coverage, semantics, and
semantic relations. Thus we should not only just make
mappings, but also pay attention to the issues occurring in
mappings, such as the loss of information. The organiza-
tional structure of the varied KOSs (such as thesaurus,
classification schemes) requires very different mapping.
And the more two KOSs differ in language and culture
(Liang and Sini, 2006), the greater heterogeneity they will
have in the conceptual structures. The degree (Chen and
Chen, 2012) of similarity between different conceptual
structures can be divided into four types. Research on
structural similarities (Chen and Chen, 2012) between dif-
ferent KOS can explore the process of interoperability and
the types of issues related to conceptual structure, and es-
tablish feasible principles, guidelines, and solutions. Some
research has been conducted on vocabulary structures.
Erik Mitchell and T. Kanti Srikantaiah (2012) analyze the
structure of LCSH and AAT by an examination of user
tasks, finding challenges associated with the differences in
concept representation, differences in vocabulary struc-
tures and varying levels of specificity. BS8723-Part4 Struc-
tured Vocabularies for Information Retrieval (British Standards
Institution 2008) considers the factors that influence map-
ping including: structural models for mapping, the direc-
tion of the mapping, and how compound concepts are
handled.

The mapping between terms from KOSs in different
languages faces many similar problems, such as the equiva-
lence mapping problems of multilingual terms due to dif-
ferent cultural factors, and the one-to-many relationship
between target languages and source languages. Guidelines
for multilingual thesauri (International Federation of Li-
brary Associations and Institutions 2005) point out that
semantic problems and structural problems are the two
groups of problems in all the approaches in the develop-
ment of multilingual thesauri. From practice, we realize
that exact matches are often hard to build. Zeng and Chan
(2004) point out the ideal matches of one-to-one relation-
ships between terms in different vocabularies and different

languages often prove elusive. There are several reasons
(Zeng and Chan, 2004; McCulloch and Macgregor, 2007)
that limit exact equivalence, such as inconsistent linguistic
expressions for the same concept (e.g synonyms, homo-
nyms, antonyms, etc.), grammatical variations (e.g. singu-
lar/plural forms, alternative spellings or punctuation, verb
tenses, etc.), grammatical terms in subject coverage, and
the relative specificity or level of granularity with which
terminologies accommodate like concepts. McCulloch and
Macgregor (2007) also analyze the necessities of character-
izing the degree of equivalence accurately by assigning
match types during the mapping process. Eduardo Mena
and his partners (1996) thought that information is lost in
the semantic relationships when synonyms are not avail-
able and hypernyms and hyponyms are used. Synonyms
can make exact matches, but synonym relationships be-
tween terms are very infrequent. On the contrary, hierar-
chical relationships like hyponym and hypernym are very
frequent.

2.4 The problem of pre-coordination of concepts

The ISO 25964-2 standard (International Standards Or-
ganization 2013) notes that pre-coordination of concepts
presents problems for interoperability and provides guid-
ance for handling the pre-coordinated concepts. For pre-
coordinated concepts, a one-to-one mapping can and
should be established when exactly the same pre-
coordinated concept occurs in two different vocabularies;
however, more frequently, constituent concepts combined
vary from one vocabulary to another and this leads to a
frequent need to one-to-many mappings. Pre-coordination,
usually is a complex concept combining two or more sim-
pler concepts, has been defined in the ISO 25964-2 stan-
dard as a combination of concepts, classes or terms of a
KOS at the time of its construction or using it for indexing
or classification. Pre-coordinated concepts occur not only
in classification schemes, but also in other vocabularies us-
ing the classification approach, and more widely in any
scheme with a monohierarchical structure, for example, the
schemes used in records management and other filing sys-
tems, and many taxonomies. Not all pre-coordinated con-
cepts are explicitly enumerated, and some are implied in
the hierarchical structures.

Previous discussions (Mann 2000; Saupetl 2009) of pre-
coordination mainly focused on the necessity of pre-
coordination or comparison and selection between pre-
coordination and post-coordination. Pre-coordination ex-
ists in many established vocabularies, which is needed
when mapping to achieve interoperability among vocabu-
laries. When mapping (Si et al. 2010) with a post-
coordinated vocabulary where most of concepts are indi-
vidual terms, it is important to combine several relevant
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concepts in the post-coordinated vocabulary to map
against one concept in pre-coordinated vocabulary such as
DDC.

In the remainder of the paper we present a case study
on mapping pre-coordinated concepts in pre-coordinated
vocabularies. We choose DDC as the source classification
scheme and CLC as the target classification scheme. Our
aim is to show how pre-coordinated concepts affect in-
teroperability and identify influential factors.

3.0 Introduction to CLC

CLC has become the most important knowledge organi-
zation tool used for cataloging, indexing and retrieving in
China. The latest edition is the fifth, published in 2010.
The construction of CL.C is based on scientific classifica-
tion. CLC classifies disciplines into five major groups,
which are further divided into 22 main classes. These
groups and main classes are displayed in Table 1.

In the paper, we focus on two classes, mathematics
and astronomy. In Tables 2 and 3, we display the first hi-
erarchy summaries of mathematics and astronomy of
both DDC and CL.C.

The first hierarchy classes in CLLC are mainly pre-
coordinated classes, while in DDC; they are mainly simple
classes. In addition, there are several differences of sub-
division of classes between DDC and CLC. The same
classes may be set in different hierarchies, for example,
the concept “Elementary mathematics” in CI.C is a main
class, while it is a subclass of the main class “Arithmetic”
in DDC. The same concept may be divided or combined
in different classifications, for example, “Geometry” and
“Topology” in CLC are combined in one main class
“Geometry, topology,” while they are two separated main
classes in DDC. The identical name of classes may have
different domains, for example, “Trigonometry” in CLC
only includes “Plane trigonometry” and “Spherical trigo-

>

nometry,” while it also includes “Trigonometric func-
tions” in DDC. All these differences will increase map-

ping difficulties of pre-coordinated classes.
4.0 The definition of pre-coordinated class

Pre-coordinated class is a kind of complex concept that
combines two or more simpler concepts, mainly noun
terms or phrases. It is a class expression, which has fixed
structure, sometimes as a single word, and sometimes as
multiple words. Because of the differences in expression
and grammar among various languages, pre-coordinated
class judgments in English and Chinese need to be distin-
guished. For example, in English, except for compound
words, single words express independent concepts; there-
fore, we can easily differentiate simple and complex con-

cepts by spaces between two words. But this cannot be
employed in Chinese. Because of the rich expression in
Chinese, complex concepts can be expressed not only by
multiple words but also by single words or phrases. Mak-
ing an exact definition of pre-coordinated classes in CL.C
is difficult. We cannot select pre-coordinated classes from
CLC just by using word structures. We must also consider
lexical meaning. For DDC and CLC, pre-coordinated
classes can generally be classified into three types: multi-
word, compound, and synthesized classes.

4.1 Multi-word class

A multi-word class is presented in the form of phrase,
which is the major type of pre-coordinated class in the
classification scheme. In DDC, this class is a term that is
composed of one more words, such as “Philosophy and
theory,” “Mathematics—psychological aspects,” “Finite
mathematics,” “Order, lattices, ordered algebraic struc-
tures.” In CL.C, this class includes two kinds of terms. One
is composed of multi-words, such as “7 # % (Classical
mathematics),” and another is composed of multi-phrases
(International Standards Otrganization 2011), such as
HUEARME . BUEMSME (Numerical differentiation,
numerical integration),” “J& Fr L ELAAUFR IR (Rec-
tangular coordinates measured on photographic films).”
Multi-word classes, which cannot be split and amended, are
clearly listed in the classification scheme.

4.2 Componnd class

A compound class is not cleatly defined but can be judged
by morphology and language knowledge. In form, a com-
pound class is a single word. In meaning, it is actually a
complex concept, which is composed of two or more
simple concepts. Judging compound classes is highly sub-
jective. For example, the complex concept “FUFA%
(Calculus)” is a compound class, that combines the con-
cepts of differential and integral calculus, but it is ex-
pressed by only one word; “Trigonometry” and “Semi
groups” are compound classes that use prefixes.

4.3 Synthesized class

The synthesized class concerns hierarchical relationships
such as broader and narrower terms, which are important
for eliminating ambiguity. Before synthesizing, class has the
problem of polysemy, which does not have the function of
differentiating and can be found in more than one class;

EEINTS

for example, terms like “motion,” “methods” and so on
can act as subclasses under different classes, but unless we
have other related information, we do not know what the

terms exactly mean. Thus it is helpful to confine the mean-
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Major Groups

Main Classes

1. Marxism, Leninism, Maoism & Deng Xiaoping Theory (A)

A. Marxism, Leninism, Maoism & Deng Xiaoping Theory

2. Philosophy and Religion (B)

B. Philosophy and Religion

3. Social Sciences (C-K)

C. Social Sciences: General Works

D. Politics and Law

E. Military Science

E Economics

G. Culture, Science, Education, Sports
H. Languages

L. Literature

J. Arts

K. History, Geography

4. Natural Sciences (N-X)

N. Natural Sciences: General Works

O. Mathematics, Physics, Chemistry

P. Astronomy and Earth Science

Q. Life Sciences

R. Medicine and Health Sciences

S. Agticultural Science

T. Industrial Technology

U. Communication and Transportation
V. Aviation and Aerospace

X. Environmental Sciences

5. General Works (Z)

Z.. General Works

Table 1. Chinese Library Classification: five major groups and 22 main classes

DDC mathematics CLC mathematics
510 Mathematics O1 $%~ Mathematics
511 General pt{mclples of O11 T 3% Classical mathematics
mathematics

512 Algebra

513 Arithmetic

514 Topology

515 Analysis

516 Geometry

517 [Unassigned]

518 Numerical analysis

519 Probabilities and applied
mathematics

0119 FH %% Chinese mathematics

012 ¥JZ4% Elementary mathematics

O13 %42 Higher mathematics

O14 3P4 F 22 Al Mathematical logic, mathematical foundations
O15 %%, $uig. H-E#8 Algebra, number, portfolio theory

O17 22T Mathematical analysis

O18 JUfil. #i#h Geometry, topology

019 3 /1 RS 1% Dynamic systems theory

021 MER L 5HIL S 1T Probability and mathematical statistics

022 i8% % Operations research

023 ¥, FEIL (BUFFLL) Cybernetics, information theory (mathematical theory)

024 75 H% Computational mathematics
029 M H Applied mathematics

Table 2. First hierarchy summaries of mathematics of DDCand CLC.

DDC astronomy

CLC astronomy

520 Astronomy

520 Astronomy and applied
sciences

521-525 Astronomy

526 Mathematical geography

527 Celestial navigation

528 Ephemerides

529 Chronology

P1 R Astronomy

P11 RTINS WM kL Astronomical observation facilities and observation data
P12 RAEIMIE 2 Astrometry

P13 Rk 1% (BLBRILE)  Celestial mechanics (theoretical astronomy)

P14 RAEY)EE2: Astrophysics

P148 RARILZ Astrochemistry

[P149] RAEAH)%: Astrobiology

P15 AR L. B RRILE. FH % Stellar astronomy, galaxy astronomy, cosmology

P16 JTHR X E (B K %) Radio astronomy
P17 #5[E] K 3L Space astronomy

P18 KXFH A& Solar system

P19 A, JJ772: Time, calendar

Table 3. First hierarchy summaries of astronomy of DDC and CLC.
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ing of a vague class by synthesizing it with other relevant
classes such as its broader terms. Generally speaking, we
can divide synthesized classes into two types. One is a gen-
eral class, for example, “Standard subdivisions,” “<FHAth
(Others),” which can frequently appear under the majority
of classes; the other is the class that can be found in more
than one class; for example, “P183.3+1H%%” and
“P184.4+1 H %% in CLC both contain “rotation,” but the
first represents “earth rotation,” while the latter represents
“moon rotation;” “523.73 Motions” and “523.83 Motion”
in DDC are the same terms, but the former is the subclass
of “523.7 Sun” representing “Solar motions,” while the lat-
ter is the subclass of “523.8 Stars” representing “Star mo-

3

tion.

5.0 Feature analysis and distribution statistics of
pre-coordinated class

Pre-coordinated classes exist broadly in the classification
scheme with different grammar features. The complexities
of grammar have a great influence on the semantic com-
prehension of classes, which may bring adverse effects on
mapping quality. Taking mathematics and astronomy in
both DDC and CL.C as examples, we have analyzed the
characteristics of pre-coordinated classes and prepared a
statistical distribution according to different characteristics.
We analyze the characteristics from two aspects: the
grammatical structure, dividing it by morphology, and the
composition of parts of speech, for which we split the
classes according to a certain granularity and make parts of
speech tags into split classes. In addition, we also analyze
statistics for the whole distribution, grammatical structure
and parts of speech composition.

5.1 Whole distribution

In our actual statistics, we found that in CLC there are
some classes that correspond with the definition of pre-
coordinated classes by form but not connotation; they are
actually simple concepts by meaning, Such classes cannot
be split into one or more words and belong to one of
two types:

1. The word consists of only one modifier and a central
word, the central word is a single word in form, which
expresses a general concept, such as concepts that end
with ““(subject), ¥%(method), 1 (theory), 3 (table),
JE (star).” These terms can be found only in CLC, for
example, “H*¥ (Mathematics)” ends with “*#(subject),”
“Jfi{E¥%: (Interpolation)” ends with “VZ(method),” “f
FE1E (Matrices)” ends with “i(theory),” “$F%R
(Math table)” ends with “Z& (table),” T2 (Satellite)”
ends with “/& (star).”

2. The simple class that has been limited by the words in
brackets after it, that is to say, the concept expressed by
the simple class is same as the concept expressed by the
words in brackets, or the words in brackets is another
expression about the simple class. For example,
“CO2MERIE (JLERIR, BREIR) (probability),” is
a simple class where the words before the brackets are
identical to the two concepts in brackets, which are
other expressions of “probability” in Chinese.

Statistics in Tables 4- 22 do not contain these classes.
5.1.1 Whole distribution of pre-coordinated classes in DDC

In DDC, there are 358 total classes in mathematics, of
which 334 (93%) are pre-coordinated classes, which is lar-
ger than the percentage (80%) in astronomy. Pre-
coordinated classes in both classes are spread over multiple
class hierarchies. Generally, the higher the class hierarchy is,
the larger the percentage of pre-coordinated classes.

According to our statistics, the highest quantities of
pre-coordinated classes are multi-word classes, with 316
(95%) in mathematics, and 165 (91%) in astronomy. The
second highest class is synthesized but the quantities are
much smaller than multi-word classes. The compound
classes have the smallest quantities, with 5 (2%) in mathe-
matics and 3 (2%) in astronomy. Overlapping occurs
among the multi-word, synthesized, and compound classes:
some multi-word classes and compound classes are synthe-
sized classes simultancously, which need to realize the
monosemy of concept by broader matching, For example,
“Constants and dimensions” in DDC first is a multi-word
class, because it occurs more than once in DDC astronomy,
it is a synthesized class simultaneously. Combined with
broader class “Stars,” it represents “constants and dimen-
sions of stars” and also represents “constants and dimen-
sions of moon” combined with broader class “Moon.”

The statistical distribution of the constitution of syn-
thesized classes in DDC is shown in Table 4. We find that
synthesized classes in DDC astronomy have a higher ratio
than DDC mathematics. That is because many classes in
astronomy are organized by galaxies, which have similar
classifications and usually are general concepts. For “Sun”
and “Stars” as an example, there are three identical sub-
classes under the two classes. These are “Constants and
dimensions,” “Optical, electromagnetic, radioactive, ther-
mal phenomena,” and “Motion,” which are all general con-
cepts.

5.1.2 Whole distribution of pre-coordinated classes in CLLC

Of the total classes in CLLC mathematics, 281 (85%) are
pre-coordinated, compared to 361 (89%) in CL.C astron-
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Synthesized classes Simple classes Multi-word classes Compound classes Total
. Quantities 13 14 0 27
Math
athematics Percentage (%) 43 52 0 8
Astronom Quantities 14 47 1 62
Y Percentage (%) 23 76 2 34
Table 4. Distribution of synthesized classes in DDC.
Synthesized classes Simple classes Multi-word classes Compound classes Total
. Quantities 5 11 0 16
Math
athemarics Percentage (%) 31 69 0 6
Astronom Quantities 33 54 0 87
Y Percentage (%) 38 62 0 24
Table 5. Distribution of synthesized Classes in CLC.
Multi-word class Modifier-core class Combined class
-- 0 O |, | Total CR | HR RR | ER SCR Total
Mathematics Q 9 235 17 | 0 | 260 33 2 1 2 18 56
DDC P (%) 3 90 7 0 | 82 59 4 2 4 32 18
Astronomy Q 20 |93 16 |1 | 123 31 3 5 1 2 42
P (%) 16 | 76 13 1 175 74 7 12 2 5 25
Mathematics Q 0 186 32 |0 | 218 51 2 3 0 1 57
CLC P (%) 0 85 15 [0 |79 89 4 5 0 2 21
Astronomy Q 5 220 24 10 | 249 74 3 0 0 2 79
P (%) 2 88 10 |0 |76 94 4 0 0 3 24

Table 6. Distribution of grammatical structure of mathematics and astronomy in DDC and CLC.

(Note: CR=Coordinative Relationship; HR=Hierarchical Relationship; RR=Restrictive Relationship; ER=Equivalence Relationship;
SCR=Subject Cross Relationship; “~”= hyphen; “0”=standard subdivisions; “( )”= bracket; “,”=comma; Q=Quantities;

7R
S

P=Percentage; we classify classes with “-’and

into classes with zero symbols because they can hardly affect translation and

mapping; we count classes in more than one symbol in its every symbol.)

omy. Compared to DDC, CLC has a relatively balanced
distribution of percentages of the pre-coordinated classes
in multiple hierarchies. That is because the hierarchy of
DDC is deeper than CLC, which has fine granularity. The
hierarchy of DDC'is from 2 to 8 or 9, while the hierarchy
of CLCis from 2 to 6. The proportion of pre-coordinated
classes in the three-level hierarchy in CL.C is much higher
than in DDC. Because the boundary of classes of the
three-level hierarchy in CI.C is narrower than DDC, ac-
cordingly the proportion of pre-coordinated classes is
much higher.

Among pre-coordinated classes in CLLC, the quantities
of multi-word classes are 275 (98%) in mathematics and
328 (91%) in astronomy. There is only one compound
class in CLC mathematics and none in CLC astronomy.
The statistical distribution of the constitution of synthe-
sized classes in CLLC is shown in Table 5. The proportion
of synthesized classes in CLC astronomy is higher than
in CL.C mathematics, and multi-word classes are the ma-
jor parts in synthesized classes.

5.2 Analysis and distribution of grammatical structure

Multi-word classes are always compound words or phrases
in pre-coordinated classes where structures can be ana-

lyzed from the grammatical level. For pre-coordinated
classes, due to its complex expressions, the grammatical
structure may increase difficulty in understanding meaning
to a certain degree. In addition, we hope we can realize the
concrete grammatical structure and expression in order to
provide help for the specification of class expression, lead-
ing to understanding the concepts more cleatrly.

The structures of Chinese phrases are usually as fol-
lows: subject-predicate, predicate-object, predicate-com-
plement, modifier-core, a combination, and so on. Because
most of the classes are expressed by nouns or nominal
phrases, there are many modifiet-core and combined struc-
tures. The structural division is the same in DDC and CI.C,
which are divided into modifier-core and combined struc-
tures. The modifier-core classes can be split into two parts:
the central word and modifiers or qualifiers, expressed in
the following forms: joined by a hyphen, combined with
words with different parts of speech, defined by words in
brackets. Combined classes can be split into two or more
components, which have different expressions in DDC and
CLC: DDC uses “and,” ““)” “combined with” and so on.
CLCuses “~ ” “5(and),” “ % (and),” “F(and)” and other
words or symbols with the function of connection.

In Table 6, we can see that multi-word classes are pri-
marily modifier-core structures that occupy more than
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70% in DDC and CLC. Most of them ate standard subdi-
visions. Modifier-core classes are applied to enlarge or re-
duce the range of the central word by the quantity and de-
gree of modifiers or qualifiers. Classes with a hyphen use
the hyphen to define broader concepts. Combined classes
(Jia & Hao 2012) combine concepts with close relation-
ships in one class, and the relationships can be coordina-
tive, hierarchical, restrictive, equivalence, and subject cross-
ing. According to Table 6, combined classes are mainly
based on coordinative relationships, and other relationships
rarely appear.

5.3 Analysis and distribution of parts of speech

We have defined three types of pre-coordinated classes:
multi-word, compound, and synthesized classes. Com-
pound and synthesized classes are mainly one word,
which cannot be split. So we only chose multi-word
classes as the study objects to analyze the parts of
speech. The analysis of the parts of speech consists of
two steps: word segmentation and parts of speech tag-
ging. We have prepared statistics for parts of speech after
the word segmentation in order to judge the mapping dif-
ficulties with different parts of speech. In this paper,
combined with manual correction, we use the NLPIR
(Natural Language Processing & Information Retrieval)
word segmentation software developed by the Chinese
Academy of Sciences (http://nlpit.otg/) to analyze the
word and tag the parts of speech. NLPIR tags parts of
speech, which have a small granularity, for all kinds of
symbols, conjunctions, auxiliaties, prepositions, and so on.
The split granularity is too small to be beneficial for our
analysis. Therefore we made certain enlargements in the
process of manual correction. We tag the words of parts
of speech only to the terms or symbols that influence the
semantics of classes. In addition, we split and tag com-
bined classes by conjunctions and hyphens but not by
minimum terms. The grammatical structures of multi-
word classes in DDC and CLC are quite complex, which
can be displayed as nested multi-levels. The class in modi-
fier-core structure can contain many other modifier-core
structures. For example, “Special topics of functional
analysis” is a modifier-core class as a whole, but its con-
stituents “special topics” and “functional analysis” are
also modifier-core structures. In addition, the class in
combined structure can contain modifier-core and com-
bined structures as well. For example, “Proof theory and
constructive mathematics” is a combined class as a
whole, but its constituents “proof theory” and “con-
structive mathematics” ate modifier-core structures. So
parts of speech appear diverse and complicated in the
context of complex grammatical structures.

5.3.1 Constitution of parts of speech of modifier-core classes in
DDC and CL.C

Our statistical analysis for parts of speech tagging of
modifier-core classes in DDC and CLC is displayed in
Tables 7, 8, and 9. In these three tables, we classify classes
into four types depending on numbers of words (=1, =2,
=3, >=4) and then analyze the constitution of parts of
speech for each type. The “one word” modifier-core
classes are classes defined with words in brackets, such as
“Earth (Astronomical geography).” Modifier-core classes
in DDC generally choose nouns as the central word, and
are mostly composed of two words, which have percent-
ages of 71% in mathematics and 74% in astronomy. And
nearly half of DDC modifier-core classes are combina-
tions of adjective (as modifier) and noun (as central
word), such as “Finite mathematics.” Modifier-core
classes with three or more words seldom consist of indi-
vidual nouns. As for classes consisting of four or more
words, no classes contain nouns only. They are mainly
classes with prepositions, such as “General principles of
mathematics,” “Subdivisions of abstract algebra.”

Compared to DDC, parts of speech in CL.C are much
more complex. In CLC, parts of speech in mathematics
and astronomy are different, with astronomy being more
complex than mathematics. In CLLC modifier-core classes,
not only nouns but also verbs can be the central words.
Modifier-core classes are mainly two-word classes, the
same as DDC, with percentages of 71% in mathematics
and 59% in astronomy. For the two-word classes in CL.C,
more than 30% of classes are combinations of noun
(modifier) and noun (central word), such as “fZYHH i
(Model theory);” about 20% of classes ate combinations
of noun and verb, which can both be modifiets, such as
“HAE BT (Combination  design),”  “% ZRH i (Search
theory).” The rest of classes, which have relatively small
quantities, are terms with discrepancy words, pronouns, ad-
jectives, adverbs, temporal words, measure words and so
on. Because concepts cannot be expressed only by nouns
and adjectives, classes with combinations of three or more
words mainly contain verbs, such as “HUEIFAT I
(Numerical parallel computing),” “M.FH Gt TH 40 (Apply-
ing statistical mathematics),” “FHAMZETT % (Adjusting
other statistics).” Three-word or more words classes have
more complex structures than two-word classes, especially
classes in CL.C astronomy due to the large number of geo-
graphical terms. By contrast, parts of speech of modifier-
core classes in DDC are more standardized and regular
than in CLC. The degree of complexity of different parts
of speech increases mapping difficulty of classes in DDC
and CLC.
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Number of Words =1 =2 = >=4 Total
n (only) n (only) a,n n (only) a,n p | others | a,n | p others

Mathematics Q 1 65 119 25 13 2 1 30 2 260

P (%) 0 25 46 10 5 1 0 12 1 100

Astronomy Q 2 34 57 12 3 0 2 8 0 123

P (%) 2 28 46. 10 2 0 2 7 0 100

Table 7. Constitution of parts of speech of modifier-core classes in DDC mathematics and astronomy.

Number of Words =1 =2 =3 >=4 | Total
n(only) | n(only) | a,n | n,v others | n(only) | a,n | v | others

Quantity 2 82 11 45 2 15 7 23 13 3 218

Percentage (%) 1 38 5 21 1 7 3 11 6 1 100

Table 8. Constitution of parts of speech of modifier-core classes in CI.C mathematics.

Words quantity =1 =2 =3 >=4 Total
n(only) | n(only) | n,v | r,n | others | n(only) | v others | n(only) | v others

Quantity 4 82 45 9 11 16 41 | 10 2 28 |1 249

Percentage (%) 2 33 18 4 4 6 16 | 4 1 1110 100

Table 9. Constitution of parts of speech of modifier-core classes in CLC astronomy.

(Note: n=noun; a=adjective; p=preposition; v=verb; b=attributive word; r=pronoun; “a, n” represents classes containing adjectives and
nouns together; “n, v”” represents classes containing nouns and verbs together; “b, n” represents classes containing attributive words and

[Tat]

nouns together; “r, n” represents pronouns and nouns together; “p” represents classes with prepositions; “v” represents classes with
verbs; “n (only)” represents classes only composed of noun combinations; “others” are the rest classes; Q=Quantities; P=Percentage.)

5.3.2 Constitution of parts of speech of combined classes in DDC
and CL.C

Combined classes combine two or more concepts that
have relatively simple parts of speech structure compared
to modifier-core classes. In considering the similarity with
modifier-core classes, we do not analyze the modifier-
core classes contained in combined classes but only parts
of speech related to combined concepts. For example,
DDC class “Proof theory and constructive mathematics”
is a combined concept. Its constituents “proof theory”
and “constructive mathematics” are modifier-core con-
cepts. We just make parts of speech analysis based on the
two phrases “proof theory” and “constructive mathemat-
ics,” but we do not split them into four terms “proof,’

EEINTY

“theory,” “constructive” and “mathematics.” The statisti-
cal analysis of parts of speech of combined classes in
DDC is shown in Table 10. Combined classes in DDC are
all combinations of nominal concepts. Quantities of
combinations are from 2 to 5 and mainly concentrate on
combinations of two concepts just like the class “Phi-
losophy and theory.”” Sometimes the same part of con-
cepts in combined classes have been put together in or-
der to make a clear expression, which are connected by
symbols, conjunctions or prepositions with the other part
of the combined class. For example, DDC combined
class “Differential and integral geometry” is a short ex-
pression of “differential geometry and integral geome-

>

try,” another DDC combined class “Curves and surfaces

on projective and affine planes” is a short expression of

“curves and surfaces on projective planes, curves and sur-
faces on affine planes.” In Tables 11 and 12, at most 3
concepts are combined in CLLC mathematics combined
classes and 6 concepts in CLC astronomy. The parts of
speech in combined concepts are mainly nouns that oc-
cupy 82% in CL.C mathematics and 77% in astronomy. In
addition, some combinations include verb concepts.
Comparing the parts of speech structure of combined
classes in DDC to CLC, the grammatical expressions in
CLC are abundant and include not only combinations of
nominal concepts, but also combinations of verb, adjec-
tive, preposition concepts and so on. Furthermore in
CLC, concepts involving different parts of speech also
can be combined. For example, CL.LC combined class
“ANEE I S A (inequality and others)” is a combination
of noun and pronoun.

6.0 Mapping analysis of pre-coordinated classes

Semantic mapping is the basic method to ensure mapping
quality. It is very complicated at the grammatical level,
such as the types, structures and parts of speech of pre-
coordinated classes, which may interfere with the seman-
tic interpretation of classes. In this section, from the view
of mapping results, we intend to analyze how pre-
coordinated classes influence mapping quality in terms of
types, structures and parts of speech.

Mapping results consist of two parts: mapping quanti-
ties and types. Mapping quantities refer to the quantities
of target concepts that have been established through
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DDC combined classes 2 concepts 3 concepts 4 concepts 5 concepts Total

Mathematics Quantity 46 9 1 0 56
Percentage (%) 82 16 2 0 100

Astronomy Quantity 26 11 4 1 42
Percentage (%) 62 26 10 2 100

Table 10. Constitution of parts of speech of combined classes in DDC mathematics and astronomy.

Combined classes in 2 concepts 3 concepts Total

CLC Mathematics a, a n, n n,r n, v v, V n(only) n, v(only)

Quantity 2 37 1 2 3 10 2 57

Percentage (%) 4 65 2 4 5 18 4 100

Table 11. Constitution of parts of speech of combined classes in CLLC mathematics.

Combined classes in 2 concepts 3 concepts 4 concepts 5 concepts | 6 concepts | Total

CLC Astronomy nn | nv|vv|nnn | nnv | vvv | nlonly) | v(only) n(only) v(only)

Quantity 45 7 6 11 1 2 3 1 2 1 79
Percentage (%) 57 9 8 14 1 3 4 1 3 1 100
Table 12. Constitution of parts of speech of combined classes in CLC astronomy.

Mapping quantity One-to-one One-to-two One-to-three One-to-four One-to-five | Total
Mathematics Quantity 313 17 3 0 1 334

Percentage (%) 94 5 1 0 0 100
Astronomy Quantity 159 17 6 0 0 182
Percentage (%) 87 9 3 0 0 100

Table 13. Distribution of mapping quantities in mappings between DDC and CLC.

mapping with source concepts, thus exploring the rela-
tionship between mapping quantities with the complete
expression of meanings of source concepts. Mapping
types are the hierarchical relationships between source
concepts and target concepts, thus can explore the se-
mantic proximity between mapping concepts. We take
mapping data between DDC and CLC in mathematics
and astronomy as our study data source, and analyze
mappings from the direction of DDC to CLC.

6.1 Analysis of mapping quantities

Mapping can be divided into two types: one-to-one and
one-to-many mapping, The rules of determining map-
ping quantities are as follows. One-to-one equivalence
mapping is established if there are identical pre-
coordinated concepts in DDC and CLC. Otherwise, we
need to establish one-to-many mapping by combination
of concepts and mapping types. However, if there are no
matches with concept combinations, one-to-one hierar-
chical mapping or associative mapping should be estab-
lished. In Table 13, we can see that one-to-one is the
main way of mapping, One-to-many mappings are 6% in
mathematics and 13% in astronomy, and the majorities
are one-to-two mappings.

Mapping quality of one-to-many mapping is always
higher than one-to-one except for one-to-one equivalence
mapping, because source concept can be approached by

combing many more target concepts. However, many valid
target concepts can be difficult to find due to differences
between vocabularies and the limitation that target con-
cepts cannot belong to the same hierarchical relationship in
one-to-many mapping. Thus one-to-many mapping is
really hard to establish especially one-to-three or more
mapping. One-to-many mapping can be divided into three
types: cumulative compound equivalence mapping(EQ+),
intersecting compound equivalence mapping (EQ|) and
nonequivalence one-to-many mapping. The mapping qual-
ity of the former two is obviously higher than the latter
one. Each mapping type of one-to-many mapping is
shown as follows.

6.1.1. Cumnlative componund equivalence mapping

The union of target concepts is equal to the source con-
cept. For example, “Determinants and matrices” in DDC
is combined by two concepts “determinants” and “matri-
ces.” The corresponding concepts “4T 51 218 (determi-
nants)” and “Jfif¥ (matrices)” exist in CLC classes indi-
vidually, and the combination of the two concepts is
equal to the source concept in DDC. Thus cumulative
compound equivalence can be established

512.943 Detet- O151.22475K1E | 512.943 EQ
minants and ma- - 0151.22|
trices O151.2141 % | 0151.21
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6.1.2. Intersecting componnd equivalence mapping

The intersection of target concepts is equal to the source
concept. For example, for “Mathematics—teaching aids”
in DDC, we cannot find a single corresponding class in
CLC, but the intersection of two broader classes
“# %% F H (teaching aids)” and “40%(Mathematics)” is
exactly equal to the source concept. Thus an intersecting
compound equivalence mapping can be established be-
tween them.

510.78 Mathemat- | TS95L7THFEHA | 51078 EQ
ics--teaching aids o152 TS951.7+ O1

6.1.3. Nonequivalence one-to-many mapping

It means the combination of target concepts is either lar-
ger or less than source concept, or just related to the
source concept. For example, two narrow matches have
been established for “Algebra and calculus” in DDC with
two target concepts in CLC, which belong to one-to-two
mapping. The combination of the two target concepts is
larger than the source concept, which has a valid expres-
sion of the source concept.

o1sfUHr. g, Alamie |
512.15 Al- Algebra, number theory and match
gebra and combination theory
calculus
O172f A%} Caleulus narow
match

According to definitions of one-to-many mapping for
each type, statistics have been prepared for one-to-many
mapping in mathematics and astronomy from DDC to
CLC. Among mappings in mathematics from DDC to
CLC, “EQ|” only appears one time (5%) in one-to-many
mappings and the source class is a modifier-core class;
“EQ+” appears four times (19%); nonequivalence one-
to-many mappings appear 16 times (76%). Among map-
pings in astronomy from DDC to CLC, both “EQ+” and
“EQ|” appear one time (4%); nonequivalence one-to-
many mapping has appeared 22 times (92%).

Assume set A is the concept combination of target con-
cepts, and set B is the concept scope of source concept. On
the basis of the relationship between source concept and
the combination of target concepts, nonequivalence one-
to-many mapping can be classified into four types which are
A includes B, A is included by B, A and B have intersection,
A and B have no intersection but are associated.

1. A includes B—the combination of target concepts is
broader than the source concept. For example, two nar-
row matches have been established for “Algebra and

trigonometry” in DDC with two target concepts in
CLC. The combination of the two target concepts is
larger than the source concept. It not only contains the
algebra and trigonometry, but also contains number
theory and combination theory:

0124 =1f trigonometry narrow
match
512.13 Algebra
and trigo- O15
nometry ’Tt?jl\ ?&L/l/} . HEHR narrow
’ Algebra, number theory and | match
combination theory

2. A is included by B—the combination of target con-
cepts is narrower than the source concept. For example,
three matches have been established for “Physical phe-
nomena and constitution” in DDC with three target
concepts in CLC. “523.66 Physical phenomena and
constitution” is the subclass of “523.6 comets,” but the
physical phenomena and constitution of comets con-
tain more than shape and constitution, thus the combi-
nation of the three concepts is narrower than the
source concept:

P185.81 2 comets | 210
match
523.66 Physlcal P185.812 ﬂig){j( in narrow
phenomena and
shape match

constitution

P185.817 45 # consti- | narrow
tution match

3. A and B have intersection—the combination of tar-
get concepts is partially overlapping with the source
concept. For example, two matches have been estab-
lished for “Seasons and zones of latitude” in DDC with
two target concepts in CL.C. The combination of target
concepts is not the same with the source concept, and
they both have the same concept “seasons:”

525,55 P27 I AL |
) za_ the change of time, latitude and match
SOns an longitude
zones of
latitude S gk A narrow
P193 Z=5, W4 seasons match

4. A and B have no intersection but are associated—
the combination of target concepts has no overlap
with the source concept but is related. For example,
for the DDC concept “orbits,” there is no exact corre-
sponding concept in CLC; in order to make mappings
for “orbits” we chose two related concepts as the tar-
get concepts. To a certain extent, there are semantic
relationships between the source and target concepts:
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P133+ 38 ILTE IR the peri- narrow
521.3 odic orbits theory match
Orbits
s . . narrow
P135HIE TS orbit calculation match

Statistics for distribution of the four types of nonequiva-
lence one-to-many mapping are provided in Table 14. Ac-
cording to statistics, we find that most one-to-many map-
pings are nonequivalent mappings that cannot express
source concepts completely. Among the four types above,
the first three are more accurate than the last one. Based
on the fact that non-equivalence one-to-many mapping is
much more than compound equivalence, we can say that
the degree of difference between DDC and CLC is very
great.

6.2 Class types, structures with mapping quantities

As shown in Tables 15 and 16, combined classes are always
combinations of two or more concepts. The proportion
of one-to-many mappings is greater (above 25% in DDC
mathematics and astronomy) than one-to-one mappings
and concentrated on one-to-two mappings. Compared to
combined classes, modifier-core classes express the main
concept by part of the central word. Three types of modi-
fier-core classes are most likely to establish one-to-many
mapping. The first type is modifier-core classes expressed
by a hyphen, which has a defined and subordinate relation-
ship to the concept that appears before the hyphen. The
second type is modifier-cote classes that can be divided
further, for example, one-to-many mapping can be estab-
lished between the class and its subclasses when there are
no completely exact equivalence classes in target vocabu-
laries and source classes have subclasses. The third type is
modifier-core classes, which are subordinate to more than
one of the broader classes that overlap but do not repeat.
This third type includes matches to broader classes subor-
dinate to different classes, thus forming one-to-many
mapping. Cumulative compound equivalence happens in
combined classes generally, when each target concept is
part of combined class. On the contrary, intersecting com-
pound equivalence happens in modifier-core classes, when
one of target concepts is broader than concept expressed
by central word of source concept, another target concept
is equal to the concept expressed by modifiers of source

concept, and the intersection of the two concepts is equal
to the source concept.

For one-to-one mapping in mathematics and astronomy
from DDC to CLC, the percentage of DDC classes of a
certain grammatical structure in CLC classes is shown in
Table 17. From Table 17, we know that all kinds of pre-
coordinated classes are easy to establish mapping with
modifier-core classes. As for combined classes, besides
mapping with modifier-core classes, matching with com-
bined classes is also easy to establish. In addition, mapping
between pre-coordinated classes and non-pre-coordinated
classes is common.

6.3 Analysis of mapping types

The three main mapping types in class mapping are equiva-
lence, hierarchical and associative mapping, Hierarchical
mapping (International Standards Organization 2013) in-
cludes broader and narrower mapping. The priority for
achieving the highest quality is first, simple equivalence
mapping, followed by compound equivalence mapping,
broader mapping, narrower mapping, and associative map-
ping. One-to-one mapping appears only as one mapping
type, but one-to-many mapping can have a hybrid of vari-
ous mapping types. Mapping types in cumulative com-
pound mapping are usually two or more for narrower
mapping, while in intersecting compound mapping are
usually two or more for broader mapping. According to
Table 18, broader mapping has the highest proportion
(50% above); exact equivalence mapping is the second
highest, with small proportions for narrower and associa-
tive mapping.

6.3.1 Exact matching

In the mathematics and astronomy classes, the propor-
tion of exact equivalence mapping from DDC to CLC is
above 30%. Exact mapping means that meanings of two
concepts are similar and do not have semantic problems
such as ambiguity. In mathematics, 83% of exact equiva-
lence mappings in DDC are modifier-core classes; 10%
are combined classes. In astronomy, 67% of exact equiva-
lence mappings in DDC are modifier-core classes; 13%
are combined classes. Thus it can be seen, compared to
combined classes, it is easier to establish exact equiva-

Types of nonequivalence one-to- Ain- A s in- A and B have A and B have no intersection
. . . . Total
many mapping cludes B | cluded by B intersection but are associated
. Quantity 9 4 1 2 16
Math
ANemates  mpercentage (%) 56 25 6 13 100
Quantity 4 11 1 6 22
Astronomy Percentage (%) 18 50 5 27 100

Table 14. Distribution of nonequivalence one-to-many mapping in mathematics and astronomy in mappings from DDC to CLC.
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DDC Modifier-core class Combined class Synthesized class Compound class
Mathematics 1:1 1:2 Total 1:1 | 1.2 | 1.3 | 1:5 | Total 1:1 1:1 1:2 | Total
Quantity 255 5 260 41 11 3 1 56 27 4 1 5
Percentage (%) 98 2 100 73 20 5 100 100 80 20 100

Table 15. Distribution of mapping types and structures in DDC mathematics.

DDC Modifier-core class Combined class Synthesized class Compound class
Astronomy 1:1 1:2 | 1.3 | Total | 1:1 1:2 | 1.3 | Total | 1:1 1:2 | 1:3 | Total 1:1
Quantity 115 6 2 123 29 9 4 42 51 8 3 62 3
Percentage (%) 94 5 2 100 69 | 21 10 100 82 | 13 5 100 100

Table 16. Distribution of mapping types and structures in DDC astronomy.

CLC Modifier-core Combined Synthesized Compound Non-pre-coordinated
class class class class class
DDC
M-M A-A M-M A-A M-M A-A M-M A-A M-M A-A

Modifier-core 58 67 20 14 3 5 0 0 19 17
class

Combined class 34 45 29 45 2 10 2 0 34 7
Synthesized class 48 61 26 25 0 4 0 0 22 8
Compound class 50 33 0 33 0 33 0 0 50 0

Table 17. Correspondence of structure in one-to-one mapping in mathematics and astronomy.

(Note: “M-M” represents mapping in Mathematics from DDC to CLC; “A-A” represents mapping in Astronomy from DDC to

CLC; measure by %.)

Mapping types BM NM EM RM Total
Mathematics Quantity 183 19 101 10 313
Percentage (%) 58 6 32 3 100
Astronomy Quantity 91 7 61 0 159
Percentage (%) 57 4 38 0 100
Table 18. Distribution of mapping types in one-to-one mapping from DDC to CLC.
CLC Modifier-core Combined Synthesized Compound Non-pre-coordinated
class class class class class
DDC
M-M A-A M-M A-A M-M A-A M-M A-A M-M A-A
Modifier-core 85 75 1 8 1 10 1 0 12 18
class
Combined class 20 50 40 50 0 13 0 0 40 0
Synthesized class 50 74 17 16 0 26 0 0 33 0
Compound class 50 50 0 0 0 50 0 0 50 0

Table 19. Correspondence of structure in one-to-one exact equivalence mapping in mathematics and astronomy.

(Note: “M-M” represents mapping in Mathematics from DDC to CLC; “A-A” represents mapping in Astronomy from DDC to

CLC; measure by %.)

lence mapping for modifier-core classes, which shows
that the sets of combined classes in DDC and CLC are
quite different.

As shown in Table 19, for modifier-core classes and
combined classes, exact equivalence mapping between
classes in the same grammatical structure is easier to estab-
lish. Synthesized classes and compound classes are easy to
establish for exact equivalence mapping with modifier-core
classes. There are two types of exact mapping in mappings
between DDC modifiet-core classes and CLC combined
classes. The first type involves a DDC modifier-core class
with brackets or other symbols, such as “Transforms (In-

tegral operators, integral transforms)” in DDC. There is no
corresponding Chinese concept in CL.C, but it has corre-
sponding Chinese concept in brackets, and the corre-
sponding concept is a compound concept, so exact equiva-
lence mapping will be established with the corresponding
compound concept. The second type occurs when DDC
modifier-core class can be divided into combined classes in
CLC, such as exact equivalence mapping between “526.98
Topographic surveying” in DDC and “P217H#JEZll 22 H
HiJE B 25 (topographic surveys and topographic map
surveys)” in CLC. Exact equivalence mapping between
combined classes in DDC and modifier-core classes in
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CLC Modifier-core Combined Synthesized Compound Non-pre-
class class class class coordinated class
bpc M-M A-A M-M A-A M-M A-A M-M A-A M-M A-A
Modifier-core class 45 61 30 19 4 1 0 0 23 18
Combined class 59 44 18 44 6 6 0 0 24 11
Synthesized class 56 56 28 33 6 4 0 0 17 11
Compound class 50 0 0 100 0 0 0 0 50 0

Table 20. Correspondence of structure in one-to-one broader mapping in mathematics and astronomy.

(Note: “M-M” represents mapping in Mathematics from DDC to CLC; “A-A” represents mapping in Astronomy from DDC to

CLC; measure by %.)

CLC is established when the concept of modifier-core
class is equal to the combination of each combined con-
cept in CL.C combined class, such as exact equivalence
mapping between “Analysis and topology” in DDC and
“fEMT IR Tl‘#(analytic topology)” in CLC. Completely
identical concepts are hard to find in practical mapping, so
exact equivalence mapping can also be established by using
the approximate equivalent.

Exact mapping between a pre-coordinated class and a
non-pre-coordinated class is caused by the differences in
expression of Chinese and English. Classes expressed by
two words in English can be expressed by a single word in
Chinese, such as “Graph theory’ in DDC and “[&i£” in
CLC. In the part of definition of pre-coordinated class, we
exclude concepts expressed by a single word in Chinese
classes. For some combined classes, exact equivalence
mapping may be established with a non-pre-coordinated
class, such as “Groups and group theory” with “HFit
(group theory),” that is because combined concepts in
combined classes can be merged and the merged concepts
are just non-pre-coordinated classes. A proportion of
mappings of non-pre-coordinated classes exist in exact
equivalence mapping in mathematics from DDC to CL.C
but not in astronomy, which illustrates that the sets of
concepts in DDC astronomy is more challenging than CL.C
astronomy.

6.3.2 Broader matching

Hierarchical mapping can be classified into broader map-
ping and narrower mapping, In the process of mapping,
we often hope that target concepts can include source
concepts, thus mapping with broader concepts is more
common than with narrower concepts. From Table 17,
we can see that half of mappings are broader mapping;
The proportion of narrower mapping is very low.

In mathematics, in broader mappings from DDC to
CLC, the proportions are: modifier-core classes 86%,
combined classes 9%, compound classes 1%, and synthe-
sized classes 10%. In astronomy, in broader mappings
from DDC to CLC, the proportions are: modifier-core
classes 76%, combined classes 21%, compound classes

1%, and synthesized classes 31%. As illustrated by the
above statistics, modifier-core classes are the main type
of classes that establish broader mapping. Table 20
shows the corresponding structure of one-to-one
broader mapping in mathematics and astronomy from
DDC to CLC. Except for compound classes, other struc-
tural types of pre-coordinated classes are all easy to es-
tablish broader mapping with modifier-core classes in
CLC. The ability to generalize of combined classes in
CLC'is inferior to modifier-core classes.

Broader mapping is the highest of all mapping types
and is different from completely identical or approxi-
mately similar of exact equivalence mapping. So the simi-
larity of semantics between source concept and target
broader concept is quite important in the mapping quality
of the whole vocabulary. Mapping quality of broader
mapping can be discerned by the degree of semantic
similarity of concepts. Because the hierarchy can indicate
granularity of concepts, in this section we judge the
boundary of concepts by the difference value of hierar-
chies of classes. In broader mappings from DDC to
CLC, it is generally mapping from the lower hierarchy to
higher hierarchy or in the same hierarchy. The smaller the
number is, the higher the hierarchy. Detailed analysis fol-
lows:

In broader mapping of mathematics, the hierarchy of
DDC classes ranges from 3 to 8, and focuses on hier-
archies of 5 and 06, for a total of 81%. The hierarchy
of CLC classes ranges from 2 to 6, with the greatest
proportion in 4 and 5 (73%).

In broader mapping of astronomy, the hierarchy of
DDC classes ranges from 3 to 9. The majority are in
hierarchies of 6 (27%) and 7 (24%). The hierarchy of
CLC classes ranges from 2 to 6, with the greatest pro-
portion in 4 (21%) and 5 (46%).

In Table 21, we display statistics on the distribution of dif-
ference value in mappings of mathematics and astronomy
from DDC to CLC. The difference value is the minus of
DDC and CLC, and we chose its absolute value. The big-
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ger the absolute value is, the greater the difference of hier-
archy between classes in DDC and CLC, thereby, further
indicating that the semantic similarity between concepts is
small. After changing difference value into absolute value,
in mathematics, D-value of 1 has proportion of 44%, D-
value of 2 has proportion of 16%. In astronomy, D-value
of 1 has a proportion of 24%; D-value of 2 occupies 31%.
The rest of the percentages of other D-values are shown
in Table 21. The numbers of D-values are same in mathe-
matics and astronomy, but have quite different distribu-
tions. Above 80% of D-values in mathematics are focusing
on 0 and 1(-1), compared to 36% in astronomy. In astron-
omy, D-values mainly concentrate on 2(-2) and 3 for a total
proportion of 56%. As shown above, the difference in
mathematics of DDC and CL.C is smaller than in astron-
omy.

6.3.3 Narrower matching and associative matching

In mappings of classes between DDC and CLC, propot-
tions of narrower mapping and associative mapping are
both small (9% in mathematics and 4% in astronomy). In
addition, there is no associative mapping in astronomy. Pre-
cision of the two mapping types is lower than exact equiva-
lence and broader mapping. Especially associative mapping
has greater differences in semantics of mapping concepts.
Narrower mapping and associative mapping are chosen
when no identical concept or broader concept exists.

Of the 19 numbers in one-to-one narrower mappings
in mathematics mapping between DDC and CLC, 26%

are modifier-core classes, 68% are combined classes, and
11% are synthesized classes. For astronomy, of the 7
numbers of one-to-one narrower mappings, 57% are
modifier-core classes and 43% ate combined classes. In
contrast to broader mapping, combined classes are the
main classes establishing narrower mapping. From Table
22 we can see that modifier-core classes in DDC mainly
match the modifier-core classes in CI.C and combined
classes in DDC mainly match the combined classes and
non-pre-coordinated classes in CLC.

In narrower mappings of mathematics, after changing
difference values into absolute values, D-value of 0 has a
proportion of 53%, D-value of 1 proportion is 26%, and
D-value of 2 has a proportion of 21%. In astronomy, D-
values of 0, 1 and 2 all have a proportion of 14%, and D-
value of 3 has a proportion of 57%. Among narrower
mappings, there are three difference values in classes of
mathematics, and mainly concentrate on D-value of 0.
There are four difference values in classes of astronomy,
and mainly focus on D-value of 3. The distribution of
D-values further proves that difference in astronomy of
DDC and CLC is greater than mathematics. The diffi-
culty of mapping quality grows as the difference among
classes expands.

7.0 Discussion and conclusion
Mapping among pre-coordinated classes creates difficulties

in the interoperability between vocabularies. In this paper,
we give a definition of pre-coordinated classes based on

Mathematics Astronomy
D-value Quantity Percentage (%) D-value Quantity Percentage (%)

2 1 1 2 2 2
-1 16 9 -1 4 4
0 67 37 0 11 12
1 65 36 1 18 20
2 28 15 2 26 29
3 5 3 3 23 25
4 1 1 4 7 8

Total 183 100 Total 91 100

Table 21. D-value distribution of pre-coordinated classes in mathematics and astronomy.

(Note: “D-value”=difference value (from DDC to CLC).)

cLc | Modifier-core Combined Synthesized Compound Non-pre-coordinated
class class class class class
DDC M-M A-A M-M A-A M-M A-A M-M A-A M-M A-A
Modifier-core class 80 100 0 0 0 0 0 0 20 0
Combined class 8 33 38 33 0 33 8 0 46 33
Synthesized class 0 60 50 20 0 20 0 0 50 0

Table 22. Correspondence of structure in one-to-one narrower mapping in mathematics and astronomy.

(Note: “M-M” represents mapping in Mathematics from DDC to CLC; “A-A” represents mapping in Astronomy from DDC to

CLC; measure by %.)
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the characteristics of classes in mathematics and astron-
omy of DDC and CLC. We analyze the characteristics of
pre-coordinated classes from the view of the whole distri-
bution, grammatical structure and parts of speech. Ac-
cording to the characteristics of pre-coordinated classes
and mapping data of mathematics and astronomy between
DDC and CLC, we analyze mapping quality of pre-
coordinated classes from two aspects, which are mapping
quantities and mapping types. From our research, we find
that a high proportion of pre-coordinated classes increase
mapping difficulty. Besides differences in vocabularies, the
grammatical structure and parts of speech of pre-
coordinated classes will have an effect on vocabulary map-
ping. The process of compiling vocabulary should be
standardized for grammatical expressions and parts of
speech. Meanwhile, we need to do more research concern-
ing pre-coordinated classes, and increase one-to-many
mapping as much as possible to reduce the loss of infor-
mation and improve mapping quality.
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