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Abstract
Purpose – The purpose of this study is to evaluate the potential risks of copyright infringement in
digital library based on the extension theory.
Design/methodology/approach – At first, the analytic hierarchy process (AHP) is used to
determine the weights of the existing indicator system for early warning. Second, a model is built
to evaluate the potential risks of copyright infringement based on the extension theory in digital
library. Finally, a real-world application is presented to show the effectiveness and usefulness of
this approach.
Findings – The main findings of this paper are as follows: the early warning extension theory model
is effective in distinguishing the degree of the potential risks of copyright infringement in digital library;
the ranges of the value and the values of the indicators can directly affect the results while using this
approach, so the accuracy of these two aspects is a crucial question.
Social implications – The social impact is that copyright infringement risks of digital library is
reduced; the lawsuit rate and economic loss due to copyright infringement are thereby decreased as
well.
Originality/value – This paper introduces the evaluation of the potential risks of copyright
infringement based on the extension theory in digital library. The results provide support for the
decision-makers in handling the potential risks of copyright infringement in digital library.
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Introduction
In the digital age, the digital library can reproduce, store and disseminate network
information resources (NIRs) by applying new technology, which provides great
convenience to users. However, Joint (2006, p. 546) pointed out that:

[…] one click of a mouse can send a file to the whole world, and the digital library users access
the copyright resources in what feels like unsupervised private space for the networked nature
of electronic information resources.

It means that the controlling work of digital copyright is relatively harder than that of
the copyright for a printed resource. In reality, the disputes of copyright infringement
have always appeared between the digital library and the copyright owners in a web
environment. Furthermore, according to Duan (2012), NIRs have the following
characteristics: integration of work types, complexity of copyright ownership, fuzziness
of the copyright protection standards and marginalization of the copyright owners’
rights. Due to these characteristics, the risks from copyright infringement of NIRs are
hard to discern. Thus, the issue of risks of copyright infringement has become one of the
main obstacles for digital library, and these risks may prevent digital library from
creating new works and using new technologies.

To meet the above challenges of digital copyright, it is necessary to study the risks of
copyright infringement. Intellectual property right (IPR) problems of digital library
have been studied by several scholars from a macroscopic view (Mahesh and Mittal,
2009; Zhang, 2007). Several scholars have also studied the risks of IPR in digital library.
Their researches mainly involved four aspects:

(1) IPR risks existing in digital library (Wang, 2004);
(2) factors (Xie, 2004) and types (Ran, 2009) of IPR risks;
(3) tactics to avoid IPR risks caused by the digital library or its users (Chen and

Wang, 2008) through technological methods (García González and Gil, 2008;
Wyatt and Hahn, 2011), management (Hugenholtz, 1994), laws (Seadle, 2008) and
so forth; and

(4) methods in identifying and quantifying IPR risks.

In regard to the fourth aspect, Li and Zhang (2011) introduced the theory of risk
management to research IPR risks in digital library, then exploited risk matrix analysis
to evaluate risk events and provided effective strategies for digital library to control IPR
risks. Zhang and Yuan (2012) assessed IPR risks based on extreme value statistics and
fuzzy comprehensive appraisement. However, the data for evaluation in their research
were obtained by expert scoring, which is subjective.

Recently, several scholars have begun to study the copyright risks of NIRs. For
instance, Zhang et al. (2011) used work breakdown structure-resource barrier structure
to identify the risks of copyright from the perspective of the law; Li and Zhang (2014)
built an indicator system of risk assessment for copyright based on the system theory,
and then, built another risk assessment indicator system based on the analysis of the
factor influences from the perspective of the Internet content service provider. However,
according to our research, there are few studies which were concerned with the
evaluation of the risks of copyright infringement in digital library.
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From the above review, it can be seen that there are few studies on the IPR problem
that use objective data to study the quantitative risks of copyright infringement in
digital library. Therefore, in this paper, the focus is on checking and evaluating the risks
of copyright infringement in a digital library. Specifically, an early warning model used
for evaluating risks is built, and an application is demonstrated to show the usefulness
and effectiveness of the approach.

The rest of the paper is constructed as follows. The first section briefly reviews the
methodology of extension theory. The second section constructs the indicator system
and analyzes the risks of copyright infringement in a digital library. Then, an early
warning model and an application with the data of the digital library of XX University
are presented in the third section. A summary and conclusions are offered in the last
section.

Extension theory
In this section, the extension theory and the rationale of the study are illustrated. In
real-world terms, there are many problems with contradictions, goals and
incompatibility conditions. It is not enough if only the quantitative relation is
considered. More consideration on the matter, the characteristics and their measure
together must be taken. Moreover, their relations and their changes must be considered
(Cai, 1999). To solve these contradictive problems, Cai (1983) proposed the use of
extension theory to sum up the expressions and treatment methods of all the
contradictions and the formalization and lexicalization ways, as well as the
mathematics. This theory is not only a new comprehensive evaluation method but also
a qualitative and quantitative method. In line with this approach, one can use a formal
model to discuss the possible developments and innovation of rules and methods. The
theory has been widely applied to various fields: economy, management, artificial
intelligence and so forth (Chao and Chen, 2011; Ren et al., 2013; Wong and Hu, 2014).

Extension theory is a combination of matter element theory and extension set theory.
In the following sub-sections, the concepts of matter element, extension set and the
rationale of extension theory in solving the contradictions and incompatibility problems
are introduced.

Matter element theory
In this sub-section, the matter element theory will be introduced. Cai (1983) pointed out
that all of the matter in the world can be described in the following matter element
model:

R � �N, C, V� � �
R1

R2

É
Rn

� � �
Ni c1 v1

c2 v2

É É
cn vn

� (1)

In equation (1), R stands for matter element, N is the name of the matter, C is the
characteristic of N and V is the magnitude vector of C. N, C and V are the three
fundamental elements of the model. In this paper, the ith object under evaluation is
defined as Ni(i � 1, 2, · · ·, m), the indicators are denoted as c1, c2, · · ·, cj, · · ·cn and the
value ranges of the indicators are denoted as v1, v2, · · ·, vj, · · ·vn.
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Extension set
Definition of extension set. Let � be the space of objects and x be a generic element of �,
Ã can be defined as follows:

Ã � �(x, y)�x � �, y � K(x) � (��, �)� (2)

Here, Ã is an extension set of � and y � K(x) is the correlation function of Ã, which is
defined to quantify the relationship between an element and a set.

Definition of correlation function. Set X0 � � a, b � , X � � c , d � and X0 � X;
then, the correlation function can be defined as follows:

K(x) � ��2	(x, X0)
�b � a�

, x � X0

	(x, X0)
	(x, X) � 	(x, X0)

, x � X0

(3)

where,

	(x, X0) � �x �
1
2

(a 
 b)� �
1
2

(b � a)

	(x, X) � �x �
1
2

(c 
 d)� �
1
2

(d � c)
(4)

	(x,X0) means the proximity between x and X0 and 	(x,X) means the proximity between
x and X. When K(x) � 0, it means the degree to which x belongs to X0(X0 � �); when
K(x) � 0, it describes the degree to which x does not belong to X0; when K(x) � 0, it is
called a zero boundary. In a special condition, when 0 � K(x) � 1, it is called the
extension domain, which means that if the conditions change, then there still is a chance
for x to become a part of the set.

Research rationale
Considering the complexity, contradictions and incompatibility among factors,
extension theory is introduced to evaluate the risks of copyright infringement. The basic
idea is described as follows.

First, the authors establish the matter element model of copyright infringement in
digital library, including the matter, the characteristics and the measure. The matter is
the evaluated indicator, and the characteristics are the next level indicators.

Second, the evaluation of matter element should be determined. After selecting a
digital library to study, the evaluation of matter element is the specific data of indicators
corresponding to the digital library.

Next, to get early warning results of high-level indicators through the results of
low-level indicators, the next step is to assign weights to the low-level indicators, which
denote the importance of each indicator.

Then, the authors need to calculate the correlation function between the indicator and
the degree classified by equations (3) and (4). Therefore, the degree of each indicator can
be identified.
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Finally, by calculating the comprehensive correlation function, the final evaluation
results on the risks of copyright infringement in the digital library are calculated.

Indicator system and weights of risks of copyright infringement
Construction of indicator system
To obtain a comprehensive evaluation of the potential risks of copyright infringement in a
digital library, the authors build an effective indicator system, which includes all the critical
factors, such as the threat of the risk factors, the vulnerability of digital library and the
environment. According to the literature, Li and Zhang (2014) built a comprehensive
indicator system to evaluate the risks of copyright infringement for network service
providers, and the indicator system is demonstrated effectively and feasibly in the practical
application. They pointed out that this indicator system is a common one and can be used for
all network service providers, including the digital library. Therefore, the indicator system is
adopted in this paper. The low effectiveness indicators which are hard to quantify are
discarded in the current research, and the remaining indicators are presented in Table I,
including 3 first-level indicators, 9 second-level indicators and 22 third-level indicators.

Determination of indicators weight
Different indicators play different roles in the early warning of risks of copyright
infringement in a digital library, so choosing an appropriate approach to determine the
weights of the indicators is the first task. Because of the great unpredictability of the risks,
the authors choose the analytic hierarchy process (AHP) (Saaty, 2013) to determine the
weights. This methodology not only is suitable to deal with uncertain and subjective
information but also allows decision-makers to depend on their experiences, insights and
intuitions to judge problems. In this paper, the judgment matrix is attained after the experts
compared the importance of one indicator to another by means of the construction of a ratio
scale corresponding to the priorities of alternatives. The final weights of indicators are
shown in Table I. The whole system passed the consistency examination.

Application to the digital library of XX University
In this section, an early warning degree of the risks on copyright infringement in the digital
library of XX University is examined based on the extension theory. The digital library of
XX University is not the most representative one but the most common one. The indicator
system used in this paper is suited to digital library, especially the academic library. As it is
convenient for the authors to obtain first-hand data, the digital library of XX University was
chosen as the application object. At the same time, this application is being used to illustrate
that this method is feasible and reasonable in evaluating the risks of copyright infringement.
If the result is consistent with the reality, then this method proves to be effective in solving
the evaluation of the risks.

This application is carried out by following three steps, as described below:
(1) collect the early warning data of the indicators based on the constructed

indicator system;
(2) diagnose the alarm situation with the extension theory; and
(3) analyze risks of copyright infringement based on the early warning results.
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Collect the early warning data
The early warning data are collected through the Delphi method and interviews. There
are eight specialists who participated in the investigation. According to the suggestions
from experts, the early warning degrees are divided into five grades: non-warning, light
warning, moderate warning, high warning and serious warning. The ranges of the value
of every indicator corresponding to the five grades are also determined by the experts.
The classification is demonstrated in Table II.

The values of the digital library of XX University are also displayed in Table II. The
major data are gathered from the chief librarian through an interview, and the other data are
obtained from the literature and the report. For the indicator of copyright protection intensity,
the value of 4.45 is gained through a predictive calculation (Peng, 2012).

Table I.
Early warning

indicator system and
weights of risks of

copyright
infringement

First-level
indicators Weight

Second-level
indicators Weight Third-level indicators Weight

Vulnerability of
digital library

0.309 Self risks of digital
library

0.600 Service 0.185
Risk tolerance 0.170
Literacy of IPR 0.228
Irregularities 0.417

Risks of
management

0.400 Perfect rate of risk policy 0.333
Standardization of risk policy 0.222
Implement rate of risk policy 0.444

Risk of network
information
resources

0.581 Risks of collecting
resources

0.445 Proportion of unknown or
illegal documents

0.490

Proportion of unknown or
illegal audios

0.198

Proportion of unknown or
illegal videos

0.312

Risks of dealing
with resources

0.222 Proportion of processed
documents

0.539

Proportion of processed
audios

0.164

Proportion of processed
videos

0.297

Risks of applying
resources

0.111 Proportion of overused
documents

0.539

Proportion of overused
audios

0.164

Proportion of overused
videos

0.297

Risk of earning
profits

0.222 Proportion of revenues from
unknown or illegal
documents

0.539

Proportion of revenues from
unknown or illegal audios

0.164

Proportion of revenues from
unknown or illegal videos

0.297

Risk of
environment

0.110 Risks of copyright
protection

0.400 Intensity of copyright
protection

1

Risks of network 0.400 Intensity of network risks 1
Risks from users 0.200 Literacy of users 1
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Table II.
The classification of
early warning
degrees and values of
the digital library of
XX university
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Diagnose the alarm situation
In this section, the alarm situation of the digital library of XX University will be
diagnosed. The indicator of self risks is discussed in detail, which is taken as an example
to illustrate how to apply extension theory to forecast the risks of copyright
infringement.
The early warning of the third-level indicators
Establish the matter element model. The matter elements R0i of the classical domain of
the digital library of XX University are defined as follows:

R01 � �
Non � warning Service �2, 5�

Risk tolerance �0.4, 1�
Literacy of IPR �0.8, 1�
Irregularities �0, 0.15�

�,
R02 � �

Light warning Service �5, 6�
Risk tolerance �0.3, 0.4�
Literacy of IPR �0.6, 0.8�
Irregularities �0.15, 0.3�

�
R03 � �

Moderate warning Service �6, 7�
Risk tolerance �0.2, 0.3�
Literacy of IPR �0.4, 0.6�
Irregularities �0.3, 0.45�

�,
R04 � �

High warning Service �7, 8�
Risk tolerance �0.1, 0.2�
Literacy of IPR �0.2, 0.4�
Irregularities �0.45, 0.6�

�,
R05 � �

Serious warning Service �8, 10�
Risk tolerance �0, 0.1�
Literacy of IPR �0, 0.2�
Irregularities �0.6, 1�

�
And the matter element of segment domain Rp is:

Rp � �
Np Service �2, 10�

Risk tolerance �0, 1�
Literacy of IPR �0, 1�
Irregularities �0, 1�

�
Determine the matter element for early warning. Based on the investigation, the matter
element R for the early warning of the digital library of XX University is defined as
follows:
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R � �
N Service 2.6

Risk tolerance 0.12
Literacy of IPR 0.23
Irregularities 0.42

�
Assign the weights to the indicators of the risks of copyright infringement. The weights
of the third-level indicators that belong to self risks are gained by way of AHP:

W111 � (0.185, 0.170, 0.228, 0.417)

Calculate the correlation function. According to equations (3) and (4), the correlation
function between the indicator and degree can be obtained. Take the service in the
indicators for example, the authors will elaborate and illustrate the way to calculate the
correlation function.

① The value of the service is 2.6, that is, v1111 � 2.6 � 	2, 5
, which means the level of
the infringement risk of service belongs to non-warning and the proximity between 2.6
and [2, 5] is:

	(2.6, �2, 5�) � �2.6 �
1
2

(2 
 5)� �
1
2

(5 � 2) � �0.600,

Then, the correlation function of 2.6 and the level of non-warning is:

K1111(2.6) �
�2	(2.6, �2, 5�)

5 � 2
� 0.400

② v1111 � 2.6 � 	5, 6
, and the proximity between 2.6 and [5, 6] is:

	(2.6, �5, 6�) � �2.6 �
1
2

(5 
 6)� �
1
2

(6 � 5) � 2.400,

The proximity between 2.6 and [2, 10] is:

	(2.6, �2, 10�) � �2.6 �
1
2

(2 
 10)� �
1
2

(10 � 2) � �0.600,

Then, the correlation function of 2.6 and the level of light warning is:

K1112(2.6) �
	(2.6, �2, 5�)

	(2.6, �2, 10�) � 	(2.6, �2, 5�)
� �0.800.

③ As v1111 � 2.6 � 	6, 7
, v1111 � 2.6 � 	7, 8
 and v1111 � 2.6 � 	8, 10
, following the same
steps in ②, we have:

K1113(2.6) � �0.850, K1114(2.6) � �0.880, K1115(2.6) � �0.900.

The correlation functions between 2.6 and the five grades compose the first component
of K111 denoted as K111

(1), that is:
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K111
(1) � (0.400, � 0.800, � 0.850, � 0.880, �0.900),

The corresponding level with a positive number is non-warning, so the level of service
belongs to non-warning. Following the above computations, the correlation functions of
the other three indicators in each degree are provided, so the incidence matrix is:

K111 � �
0.400 �0.800 �0.850 �0.880 �0.900

�0.700 �0.600 �0.400 0.400 �0.143
�0.713 �0.617 �0.425 0.300 �0.115
�0.391 �0.222 0.400 �0.067 �0.300

�.
Calculate the comprehensive correlation function. Based on the incidence matrix K111
and the weights of service, risks tolerance, literacy of IPR and irregularities, the
comprehensive correlation function of self risks can be calculated as follows:

K11 � W111*K111 � (�0.371, � 0.484, � 0.156, � 0.054, � 0.342).

In the same way, we can obtain the correlation functions of risks of management,
collecting resources, dealing with resources, applying resources, earning profits, copyright
protection, network and users. The results are presented as follows:

K12 � (0.622, � 0.311, � 0.600, � 0.744, � 0.838), K21 � (0.560, 0.001, � 0.508, � 0.667, �0.761),

K22 � (�0.270, 0.265, � 0.047, � 0.487, � 0.632), K23 � (0.553, �0.060, �0.546, �0.673, �0.793),

K24 � (0.589, �0.126, �0.613, �0.755, �0.827), K31 � (�0.404, �0.031, 0.100, �0.380, �0.648),

K32 � (0.400, �0.800, �0.933, �0.960, �0.975), K33 � (�0.533, �0.400, 0.133, �0.045, �0.344).

From the above results, we know that the risks of management, collecting resources,
applying resources, earning profits and network all belong to the level of non-warning
with little risks, and risks of dealing with resources belongs to light warning. However,
copyright protection risks and risks from users belong to moderate warning, which are
uncontrollable risks for the digital library, and there are certain risks involving
copyright disputes.

The early warning of the second-level indicators
It is easy to find out the results of the third-level indicators composed on the early
warning matrix of the second level. Thus, the correlation functions of vulnerability of
digital library, NIRs risks and environment risks can be calculated as follows:

K1 � (0.600, 0.400)	�0.371 �0.484 �0.156 �0.054 �0.342
0.622 �0.311 �0.600 �0.744 �0.838 
,

� (0.027, � 0.415, � 0.333, � 0.330, � 0.541)
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K2 � (0.444, 0.222, 0.111, 0.222)�
0.560 0.001 �0.508 �0.667 �0.761

�0.270 0.265 �0.047 �0.487 �0.632
0.553 �0.060 �0.546 �0.673 �0.793
0.589 �0.126 �0.613 �0.755 �0.827

�,
� (0.381, 0.025, �0.433, �0.647, � 0.750)

K3 � (0.400, 0.400, 0.200)	�0.404 �0.031 0.100 �0.380 �0.648
0.400 �0.800 �0.933 �0.960 �0.975

�0.533 �0.400 0.133 �0.045 �0.344 

� (�0.108, � 0.413, � 0.307, � 0.545, �0.718)

The above results show that the indicators of the second level all belong to the
non-warning degree. It means that the three second-level indicators of the risks of
copyright infringement in the digital library of XX University are less likely to be
infringed.

The early warning of the first-level indicators
The calculation of the early warning process for the first level is similar to the second
one, and then, the result of the risks of copyright infringement in the digital library of XX
University is:

KP � (0.309, 0.581, 0.11)	 0.027 �0.415 �0.333 �0.330 �0.541
0.381 0.025 �0.433 �0.647 �0.750

�0.108 �0.413 �0.307 �0.545 �0.718 
,

� (0.218, � 0.159, � 0.388, � 0.538, � 0.682)

Thus, the early warning degree of the risks of copyright infringement in the digital
library of XX University is non-warning.

Discussion
Using the early warning model constructed above, the authors quantified the risks of
copyright infringement in the digital library of XX University. From the above
calculation, it is determined that the digital library of XX University has a slim chance
of infringing copyright. This result is consistent with the reality known from the chief
librarian by the way of questionnaires and interviews.

There are several reasons for the result. First, the digital library of XX University is
a non-profit unit, which means its risks of copyright infringement are much lower than
the for-profit ones. Second, 80 per cent of the network resources in this digital library are
authorized copyright through purchase or in other ways – for example, signing an
agreement with the copyright owners – all of which may greatly reduce the possibility
of infringement. Conversely, only 10 per cent of the network resources need to be
collected or dealt with before providing users access to them. Third, the other 10 per cent
of resources and services are software tools, searching and linking services. The
software tools are the most commonly used ones and are free tools available on the
Internet; the services of searching and linking are applicable to safe harbour principles.
Fourth, the digital library provides services for the teachers and students at XX
University, which significantly lowers the scope of infringement.
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In a word, there are few risks of copyright infringement for both the service mode and
service contents in the digital library of XX University. Therefore, the model proposed is
effective in measuring the risks of the copyright infringement in a digital library to some
extent.

Conclusion
To measure the risks of the copyright infringement in the digital library, a method is put
forward. More specifically, the extension theory is introduced in the study to construct
an early warning model. This model gives the digital library intuitive insight into the
existing risks of copyright infringement.

According to the study, it is known that:
• the early warning extension theory model is effective in distinguishing the degree

of the potential risks of the copyright infringement in a digital library; and
• the ranges of the value and the values of the indicators can directly affect the

results while using this approach, so the accuracy of these two aspects is a crucial
question.

The contribution of this study can be summarized into three aspects:
(1) As a practical influence, the research can be used to help a digital library to

predict potential copyright risks in the process of daily work, so that economic
loss can be reduced to a certain degree.

(2) In a research aspect, the research can broaden the application scope of the
extension theory, and it uses data to analyze copyright infringement risks of a
digital library, which is not just confined to theory analysis.

(3) The social impact is that copyright infringement risks of a digital library are
reduced; the lawsuit rate and economic loss due to copyright infringement are
thereby decreased as well.
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