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Abstract
In the big data environment, the construction of massive S&T literature data resources needs in-

telligent technical assistance. With a focus on comparing the domestic and foreign knowledge organi-

zation systems and their applications, this article analyzes and summarizes the gaps in related resear-

ches and applications at home and abroad. A knowledge organization system framework for S&T lit-

erature data resources is presented in the article. Starting from the basic element of knowledge or-

ganization system, it also proposes and designs terminology-based analysis methods and technologies

for S&T literature. Based on this framework , it proposes ideas and develops corresponding software

tool to carry out relevant experiments. It gives an overview of theories and technologies method for

future research.
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analysis

0 Introduction

With the advent of big data era, the S&T litera-
ture of different types and sources increase in scale day
by day. The key problem is how to obtain valuable in-
formation from these complex and massive S&T litera-
ture. The organization tools of S&T literature, such as
S&T thesaurus, can be used for organization of S&T
literature data. The knowledge organization system
based on the thesaurus is one of the important ways for
effective organization and application of massive S&T
literature. The knowledge organization system is the
term and symbol system that defines and describes the
objective material world information and interrelation-
ship, which rationally describes and organizes various
S&T literature according to the knowledge content and
structure , and realizes knowledge navigation and corre-
lation analysis. It is mainly used to explain certain
concept, concept attributes and concept relationship,
and the knowledge organization system is a bridge be-
tween user’ s information needs and information re-
sources, and also the core of information resource con-

struction. The application of the knowledge organiza-

tion system involves the following aspects: (1) Control
the synonym and near-synonym through the expression
of certain concepts, concept attribute and relationship
between concepts, construct the knowledge according
to certain structures, and support semantic understand-
ing, specification and navigation towards information
resource retrieval through the description and organiza-
tion of information data and the relationship between
existing concept knowledge''?'. (2) Improve the effi-
ciency of retrieval service and promote the sharing and
exchange of domain expert knowledge through the es-
tablished concept or knowledge, concept map, themat-

41 (3) Conduct concept analy-

ic map and ontology
sis, classification, and indexing of information accord-
ing to the concept and relationship of the knowledge or-
ganization system, which realizes semantic-based re-
trieval, and is convenient for comprehensively and
thoroughly revealing the information, relationship be-
tween information and its position in the whole knowl-

%!, The concept of knowl-

edge organization systemis'
edge organization system proposed in this article is not
only the construction idea of knowledge organization
system which only operates knowledge elements, but

also aims at knowledge innovation and service.

(D Supported by the National Social Science Fund of China (No. 18BTQ054).
2 To whom correspondence should be addressed. E-mail; lisa-1h@ 126. com

Received on Nov. 19, 2018



HIGH TECHNOLOGY LETTERSIVol. 25 No. 2 ]June 2019

217

1 Related work

1.1 Comparison of research status at home and
abroad
The knowledge organization system aims to maxi-

mize the description of resources and contents based on
analysis of existing resources and users’ needs, so as
to provide data resources that meet user needs. This
section investigates and analyzes the knowledge organi-
zation systems and their applications at home and
abroad, as shown in Table 1.

Table 1 Main knowledge organization systems and applications at home and abroad
Knowled - .
now. ¢ ge Application Implementation .
organization Application field
example method

system type

Thesaurus, Web of service

Subject headings

Cross-database cross-platform citation/

subject headings SOSIG subject retrieval, browsing and result
HILT Interoperability between analysis
UMLS thesaurus and classification
NSTL thesaurus Cross-domain retrieval and browsing
Classification method, CNKI Classification-subject Discipline classification, subject retrieval

subject method Baidu Baike

classification method,

integration self-edited

knowledge classification, topic clustering

retrieval

subject method

Ontology GoPubMed AOS

association technology

Thesaurus/semantic

Multi-angle integration analysis, statistics

and display of retrieved results

Top-level integration

domain ontology

Knowledge mapping Google

Knowledge entity database

Retrieval of text and entity links

Research results show that most existing literature-
based knowledge organization systems in China, except
for CNKI and Baidu, transform existing vocabularies or
thesaurus. Such knowledge organization systems are
limited in application. In China, there are few cases of
successful application of knowledge organization sys-
tems. Even the relatively successful knowledge organi-
zation systems of CNKI and Baidu have not reached the
level of foreign knowledge organization systems. How
to deeply reveal the knowledge of information resources
from multiple perspectives, provide a variety of infor-
mation resource navigation and integrated retrieval
services, and allow users to obtain knowledge in real
time? The main approaches are: (1) The status of in-
formation resources is an important factor affecting the
design and application of knowledge organization sys-
tem. As information resources increase in quantity and
type, higher requirements for the knowledge organiza-
tion system are raised. Knowledge organization system
should be designed and implemented according to actu-
al situation of information resources and application
needs. A comprehensive knowledge organization system
is needed for the organization of comprehensive infor-
mation resources. For organization of professional infor-

mation resources, a professional knowledge organiza-

tion system should be designed for certain field or dis-
cipline. The general knowledge organization system of
comprehensive information resources is usually com-
plete and extensive, while the professional knowledge
organization system is refined having discipline charac-
teristics. The design of knowledge organization system
featuring huge resources, rich carrier types and rich
disciplines or specialties, must be refined and diverse,
so as to realize the multi-angle revelation, effectively
integrated organization and retrieval of information re-
sources. (2) Asymmetry between the knowledge or-
ganization specialization and data quality. As important
parts of the knowledge organization system, vocabula-
ry, thesaurus and subject headings, etc. are important
tools for information organization and service. Thesau-
rus as a professional tool of library information is un-
doubtedly authoritative and professional, serving as one
of the main tools supporting information organization
and service. The famous foreign searching institutions
also need thesaurus to support knowledge service, but
another important factor of information service is the
basic indexing of S&T information resource. Foreign
S&T literature is strictly indexed according to the
standard of thesaurus, so their information retrieval and
knowledge services are more accurate. In China, no
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institutions and personnel engage in similar basic work.
Therefore, although there are many thesauri in various
fields and scales in China, they are not better used for
document retrieval and multi-domain knowledge navi-
gation services. At present, the application of the
knowledge organization system in China features high
recall ratio, low accuracy rate and high operation cost
basically. 3) Lack of practicable standards and norms
for knowledge organization semantic interoperability.
Referring to the capability of understanding the data
shared between systems at the well-defined conceptual
level, semantic interoperability is one of the main is-
sues of information services in the network environ-
ment. Semantic interoperability needs unified norms.
For example, concept representation, synonymous con-
cept merging, semantic normalization, ambiguous con-
cept processing, etc. , are subject to certain norms and
standards. As the formulation and improvement of do-
mestic interoperability standards are very immature,
the integration of vocabularies and classification tables
is basically separated, with poor sharing property. On-
ly by adhering to the unified norms and standards, re-
alizing the synonymous concept merging and ambiguous
concept processing through machine-assisted manual
intervention, generating the normalized concept and
unique identifiers, inheriting and normalizing the im-
portant codes of source table, and building multi-level
term types and structured semantic nets, it can support
the efficient and unambiguous data interaction between
computer systems containing different vocabularies.
The basic mechanism for semantic interoperability of
information systems is as follows: conceptually organize
data, define the synonymous concepts from each
knowledge organization system, provide the semantical-
ly standardized names and unique concept identifiers,
and make the synonymous concepts at a certain abstract
level be in line with the same standardized name and
code.

1.2 Key problems for construction of knowledge
organization system

1.2.1 Unified representation of knowledge organiza-
tion

The knowledge organization system needs unified
representation forms, specification and technical inter-
face to integrate other industry classification methods,
subject headings and be compatible with existing sub-
ject headings of multiple formats. Traditional subject
headings are an important knowledge organization tool
for information resource management. As the demand
for content-based information processing grows, subject
headings as a knowledge system has become an impor-

tant supporting tool for visual analysis and evolution
analysis of concepts. The professional development of
subject headings brings both convenience and problems
to the management of domain information resources.
For example, interdisciplinary research is usually ac-
tive. In the keywords of a frontier paper, there are
many terms across multiple fields, which are hardly
covered by a subject heading concerning a certain
field. In addition, subject headings compiled by vari-
ous industries are saved in different ways, which brings
a lot of inconvenience to the construction of the knowl-
edge organization system. The subject heading compil-
ers ( domain experts) formulate subject headings from
their respective perspectives, while users (information
technology experts ) of subject heading hope to have
access to various subject headings of different fields
through a unified software interface. Therefore, cross-
domain and multi-source compatibility and integration
are the important issues to be addressed for the knowl-
edge organization system represented by subject head-
ings. Therefore, the unified representation form, spec-
ification and technical interface of the knowledge or-
ganization system must be established, so as to in-
tegrate other industry classification methods and subject
headings and be compatible with existing subject head-
ings with multiple formats.
1.2.2 Semantic integration of knowledge organization
Integration of knowledge organization is not a mer-
ger of simple vocabularies, but an integration of words,
concepts and relationships in different knowledge or-
ganization systems. Semantic conflicts between vocabu-
laries shall be eliminated to form the consistent inte-
grated vocabulary. In the process of semantic integra-
tion, in addition to the consistency processing of the
structure layer and the concept layer, the deep seman-
tic association between terms needs to be discovered
through the mining technology of information resources;
(1) Synonym and polyseme integration. The synonyms
and polysemes in the cross-domain and multi-source
vocabularies can be integrated at the glyph level. (2)
Concept mapping. Multiple relationships between two
subject headings such as complete equality and incom-
plete equality (most equal, partially equal) can be ad-
dressed through concept mapping. (3) Concept inte-
gration. As affiliation relationship has different mean-
ings in different subject headings, the focus of concept
integration is the discovery of concept affiliation rela-
tionship. (4) Relationship integration. The integration
of vocabulary is not only the mapping integration of the
same concepts, but also needs to discover new associa-
tion between cross-disciplinary thesauri through the
mining of data.
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1.2.3 Analysis of user’s behavior data

The purpose of analyzing and utilizing user’ s be-
havior information is to support the knowledge organiza-
tion system service. The user behavior information is
generated in the process of interaction between the user
and the knowledge organization system, and the user’s
behavior rules and patterns are analyzed and summa-
rized to achieve quick feedback of knowledge service.
At present, the existing user’ s behavior analyses or re-
searches mainly focus on the methods applicable after
the knowledge organization system construction, and
the scope is limited to the user’ s behavior influence
factors, while the initiative of knowledge service is in-
sufficient. This article holds that the user’ s behavior
data analysis is a process of analyzing the accumulated
user’ s behavior, but also a process of real-time track-
ing and acquisition of user’ s behavior and engagement
in the knowledge mining. Therefore, the knowledge or-
ganization system should establish and cover user’ s be-
haviors, apply the data analysis techniques and meth-
ods, regard user’s behavior analysis as “knowledge” ,
and achieve the pertinent knowledge, so as to provide
users with effective active information services.

2 Optimized framework of the knowledge
organization system for S&T literature

The foreign researches and applications concern-
ing the knowledge organization systems are increasingly
diversified. The applications are not limited to the
methods and technologies for the traditional knowledge
organization systems, while richer and more perfect
knowledge services can be delivered by use of the com-
puter storage technology, retrieval technology, big data
technology, etc. For example, interoperability methods
and techniques for knowledge organization systems sup-
port the effective integration and retrieval of resources
among different knowledge organization systems. Build-
ing and integration of digital environments, retrieval
technology and content-based linking capacity, enable
the seamless integration of high-quality information re-
sources, information analysis tools and information
management software. Searching of the documents with
relevant semantic contents through semantic matching
and reasoning will achieve the organization of related
information meeting different needs, as well as the
browsing and navigation of the S&T literature and
knowledge based on semantic technology. Traditional
classification scheme and vocabulary are not taken as
the classification and organization tools of knowledge
organization system, and new data classification and
organization system based on the characteristics of data

resources is established. In addition, it is more practi-
cal to flexibly establish the applicable knowledge or-
ganization system according to the user’ s need and in-
formation resource characteristics.

Therefore, this article proposes a knowledge or-
ganization system framework as shown in Fig. 1, which
consists of four parts, namely the basic platform layer,
data resource layer, business layer and service layer.
Among them, the basic platform layer is the platform of
knowledge organization system, namely the operating
system and the database management system. The data
resource layer is the data source of knowledge, and the
basis of knowledge preparation, mainly involving vari-
ous types of corpora for knowledge extraction, existing
knowledge organization system resource and user’ s be-
havior resource. The business layer is the functional
layer of knowledge organization system, which mainly
functions to realize the knowledge processing, the inte-
gration, updating or extension of traditional knowledge
organization system, and the analysis of user’s behav-
ior knowledge. The service layer mainly provides user-
oriented services, mainly including information retriev-
al services, information knowledge organization and
navigation, visualization and interface services of
knowledge organization system, etc. Compared to the
traditional framework of knowledge organization sys-
tem, the frameworks shown in Fig. 1 has greater cou-
pling and integration degree in data, function and serv-
ice, and has the dual functions of the traditional inte-
gration and knowledge reconstruction of knowledge or-
ganization system. The user’ s behavior resource is in-
creased for the data resource layer, and the analysis
function of user’ s behavior knowledge is newly added
for the business layer, make the information service of
knowledge organization system more accordant with the

b
users’ need.

3  Realization of knowledge organization
system for S&T literature

In this section, general idea and mechanism of the
framework of knowledge organization system for S&T
literature will be presented and the development
process will be established. In the basic platform lay-
er, operation system adopts Windows. In the data re-
source layer, real S&T literature and Chinese S&T vo-
cabulary system edited by ISTIC is used. In the busi-
ness layer, core functions, auxiliary or extended func-
tion are realized. In the service, retrieval, navigation
and visualization of knowledge organization system are
realized by developing software tools. The article will
introduce emphatically term recognition and knowledge
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extraction in the business layer and software tools for

S&T literature in the service layer.

. Knowledge Knowledge Kuovx./led'ge Knowledge .
Service . b organization s API interface
organization organization organization i
layer ; e system Web service
system retrieval system navigation PN P system release
visualization
’/ Core functions Auxiliary functions Extended functions
- User behavior
. - . - o D Multi-tabl N d
Business I sereenmg | | processing | |Ofﬂ1ne edmngl lsynchro?]?zationl congot]ljctiztt)ign | l dies‘gov\ygrry | knowledge
layer analysis
- Consistency : Relationshi Definition function
| Data import | | Data export | I chick | l Logical check I |recommen dat?on” oxtraction l
Domain topic corpus Enpwledps orehiztion systn User behavior resource data
Data resource
resource
layer Lo
Database conversion interface
\
Operating system Database management system
Basic
platform : X
layer Windows Linux Oracle MySQL SQL Server Other
\
~— .
Fig.1 Basic framework of knowledge organization system for S&T
ic fields. Term recognition is also called term identifi-
3.1 Term recognition and knowledge extraction cation , which is the process of obtaining term represen-
in the business layer of knowledge organiza- ting professional concepts from texts in respective spe-
tion system cial fields. Manual recognition from corpus is very inef-
3.1.1 Term recognition ficient and insufficient to meet the needs of information

There is no uniform and standard definition of
term, but many scholars have put forward their own
views on the concept of term. Term refers to the collec-
tion of words used to express concepts in the profes-
sional field, which is closely related to knowledge and
concepts in the professional field. There are some
differences between term and ordinary vocabulary.
Firstly, the field of term circulation is limited. Gener-
ally speaking, it only circulates in a fixed number of
fields. It is only used by people who study in this
field, while the field of common vocabulary circulation
is very wide and can be used by all people. Secondly,
term generally only exists in this field. It has a high
degree of circulation, and terms can be distinguished
from common words in terms of meaning, morphology,
syntax and grammar. Term recognition is an important
research subject in the study of knowledge organiza-
tion. Term is the linguistic expression of the concepts
in professional knowledge, which are accumulated
through incremental exploration and research in specif-

analysis, especially in the era of big data. Therefore
some methods are required to fulfill the task of term
recognition. The concept of deep neural network is de-
rived from the study of artificial neural network. It is
an emerging learning method based on multilayer neu-
ral network, which aims to obtain high-level features
that can better represent raw data through learning by
multilayer structure. At present, study of deep neural
network has become trendy and its application has been
employed in some fields, but there is little research on
term recognition. Therefore, this study in the article
attempts to apply deep neural network to distinguish
term and develop recognition method based on it,
which can hopefully provide more accurate identifica-
tion of terms from corpus at certain scale so as to help
people engaged in information analysis to improve their
work and lay foundation for the research.

As the tool of word analyzers usually divides words
into one-character word, whereas the length of term va-
ries a lot, the results of term recognition would be un-
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der direct influence of original word division if the arti-
cle uses the original corpus to train word vector and
model of deep neural network, eg. AE. The article
constructs a candidate term dictionary for the tool of
word analyzers during dividing words. By analysis and
summary of word formation properties about Chinese
terms, one can find that most Chinese terms are binary
or ternary terms. Terms are usually certain parts of
speech such as nouns, verbs, adjectives, while con-
jectives, prepositions, interjections are hardly used as
terms. Therefore, we consider part of speech and its
combination to construct part of speech rules template
of Chinese terms. Besides, even such parts of speech
as nouns, verbs and adjectives that can become terms,
there are some words that cannot become terms. Before
matching terms, the article use rules template to filter
words whose part of speech cannot be terms. The main
method is to count word frequency of texts that have
done word division and summed up high-frequency
words whose part of speech are included in the lan-
guage rules template but obviously cannot be terms,
and finally make preliminary selection of candidate
terms according to the language rules template.

The candidate terms are only preliminary ones,
and many of them are not terms, for instance, some
common word collations and meaningless collations.
Therefore, the article selects terms from candidate
terms by C-Value, which is a widely used method that
combines rules with statistics. The calculation formula
iS:

Log, 1#1f(¢)
when ¢ is not a nested term
Log, 121 (f(2) =1/¢(1) ZL0f(h,))
when ¢ is a nested term
(1)

where ¢ represents a candidate term, | | represents the

C-Value(t) =

length of the term “t”, whose value is the number of
characters of ¢, f() represents the word frequency,
c(t) represents the number of candidate terms for nes-
ted ¢, b, represents candidate term of nested t, f(b,)
represents word frequency of b,. The higher the value of
the C-Value is, the greater the possibility of candidate
term becoming a term is. According to the value of C-
Value, and candidate terms will be eliminated if its
value is smaller than threshold value. The remained
candidate terms can act as candidate terms for dictiona-
ry.
3.1.2 Knowledge extraction based term

Term has become an essential tool for people to
carry out scientific and technical exchanges and aca-
demic research. This section takes term as a starting
point to study and elaborate the methods and tech-

niques of knowledge extraction. Current knowledge ex-
traction methods are basically based on term in the vo-
cabulary and thesaurus. Taking thesaurus as an exam-
ple, thesaurus achieves the indexing and organization
of information resources by establishing a glossary of
terms, as well as the relationships, generation, subor-
dination, division and reference of terms. Knowledge
extraction is based on term structure, the relationship
between terms. Relationship and structure of term be-
come the key contents of knowledge extraction.

(1) Design of term structure

Vocabulary ; core word, foundation word

Definition; each core vocabulary has one defini-
tion.

Relations; synonyms are symmetrical and transi-
tive; genera are asymmetrical and transitive under the
same subclass; correlation is symmetrical and generally
non-transitive.

Classification mapping: multidimensional classifi-
cation mapping can be set according to the related clas-
sification methods.

Attribute ; it can be set according to the specific
field and knowledge service requirements.

(2) Design of relationship between terms

Synonymy relationship: synonymy, antonymy.

Hierarchical relationship; genera, whole parts,
cases.

Correlation relationship; interdependence.

(3) Method of term extraction

The system automatically calculates the word fre-
quency of term in corpus, determines the accuracy of
term extraction through expert verification, and re-im-
ports the modified term frequency results into the sys-
tem. In addition, the co-occurrence of terms in corpus
is calculated so that when the user increases the corre-
lation of the entries, the terms with more co-occur-
rences of the entries can be recommended to the user.

(4) Semantic relation expression and semantic
promotion of terms

In knowledge extraction, the semantic description
of term is equivalent to the description of knowledge,
including term, term definition and the relationship be-
tween terms. However, for comprehensive, multi-do-
main knowledge extraction, it is necessary to establish
unified standards and norms for knowledge organization
semantics and interoperability implementation, so as to
enhance and realize the ability of data sharing among
systems to be understood at the level of fully defined
domain concepts, specifically involving the expression
mode of term concepts and synonymous concepts attri-
bution, and with the semantic standardization, ambigu-
ity concept processing and other technical means.
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3.2 Developing of software tools in the service
layer of knowledge organization system

The article proposes using the terms in knowledge
organization system to analyze S&T literature. The im-
portant content or valuable content for users are identi-
fied from the S&T literature based on knowledge organ-
ization. Therefore, it is important that analysis of con-
tent should focus on the important sentences in the S&T
literature. And the calculation of the weight about sen-
tences is the basis of judging the importance of sen-
tences. The article focuses on the calculation of multi-
feature in a certain way. The method can obtain rela-
tively important sentences according to the calculated
values. The used features may include; frequency of a
term, the similarity between the title and sentence,
sentence position and so on. Based on the characteris-
tics of S&T literature, this article uses frequency of a
term and similarity between the title and sentence. The
terms are distinguished by methods proposed in the
! In addition, the article uses Chinese
S&T vocabulary system edited by ISTIC to select the

important and technical terms, strengthen the accuracy

previous work

of judgment about the importance of the sentence in the
S&T literature. The main steps include:1) Calculation
of term frequency in the Chinese S&T literature. 2)
Calculation of similarity between sentence and title. 3)
Calculation of technical strength.

In order to verify the method of analysis in the ar-
ticle, a software tool is developed to realize the pro-
posed algorithm and method in the article. The main
mechanism and flow chart of developing software tool is
shown in Fig. 2. The analysis tool interface is shown in
Fig.3. The result of information analysis is shown in
Fig. 4. which includes B{ 3k ¥ 5 ( serial number of a
S&T policy) , Hpf8 (the title of a S&T policy) and /]
T (sentences of a S&T policy). % & (importance

value) .

Data sets

Yy

Data preprocessing

S l

Segmentation based on S&T
Dictionary

[

Remove stop words

Weight calculation of data content
Weight calculation of similarity between
data content and title
Data content technical strength calculation

A 4

Calculation and
analysis

v

Data output and preservation

Fig.2 The main mechanism of the developing software tool
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Fig.4 The results of analysis

4 Conclusions

The article puts forward ideas of knowledge organ-
ization system and carries out technological research
and development for S&T literature. The article also
proposes a basic method of knowledge organization sys-
tem construction and it makes experiments to verify the
idea and method on the real Chinese S&T corpus in the
specific field. The experimental results show that the
method proposed in this article is effective. In future
research it will be improved to increase accuracy of
analysis. Future research will mainly focus on the fol-
lowing aspects: Knowledge preparation; Knowledge ac-
quisition, organization and integration; Semantic anal-
ysis of knowledge ; Knowledge organization and service
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