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Abstract— In recent years the web has evolved from a global
information space of linked documents to one where both
documents and data are linked. What supports this evolution is a
set of best practices in publishing and connecting structured data
on the web that is called linked data. The usefulness of linked
data relies on how much related concepts are linked together.
The aim of this research is to propose a metric-driven approach
for interlinking assessment of a single dataset. The proposed
metrics are categorized into three groups called internal linking,
external linking and link-ability from other datasets. These
metrics consider both graph structure (topology) and schema of
datasets (semantic information) to evaluate interlinking with
appropriate accuracy.

The rest of this paper is organized as follows: Section 2
describes the general terms. Section 3 reviews the works about
link quality assessment, and also graph theory in other
domains. Section 4 describes the problem and our
contribution. Section 5 introduces the proposed approach for
interlinking assessment of a dataset. In Section 6 intermediate
results are presented. Evaluation strategy and some general
discussions are provided in Section 7. Finally, the paper is
concluded in Section 8.
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In this section, we will define key concepts and terms used
throughout this paper.

I. INTRODUCTION
In recent years the web has evolved from a global
information space of linked documents to one where both
documents and data are linked. What supports this evolution is
a set of best practices for publishing and linking structured
data on the web that is called linked data. Linked Open Data
(LOD) provides a distributed model for the semantic Web
which allows any data provider to publish its publicly
available data and meaningfully link them with other
information sources over the Web. Existing information on
semantic web are useful if and only if there are appropriate
links between related concepts. Since human decisions
become less important in web of data and smart agents should
traverse links to retrieve suitable information for the users, one
of the most important issues in linked data domain is having
appropriate links between different datasets [17]. In order to
connect different datasets, it is useful to evaluate the
interlinking potential of a dataset with LOD cloud. To the best
of our knowledge there are no automatic tools for the
assessment of interlinking of a single dataset. So far, this can
only be done using expert opinion and with manual and semiautomatic approaches. In this study, we propose a metricdriven approach for evaluating interlinking of a single dataset.
If such automatic assessment tools are developed, then it
becomes possible to identify datasets with low interlinking
before publishing them, and thus we can first improve such
datasets and then publish them on the web.
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II. TERMINOLOGY

Interlinking: refers to the degree to which entities that
represent the same concept are linked to each other, be it
within or between two or more data sources [32]. Interlinking
can be defined from two perspectives, internal linking and
external linking. Internal linking refers to relating concepts
inside a dataset [17], while external linking examine how
much a dataset links to other datasets [19]. In this research we
extend this definition by proposing a new concept, i.e. linkability. Link-ability is the potential of a dataset to be linked
from other datasets. Thus, our notion of interlinking is based
on three concepts: internal linking, external linking and Linkability. The reason we consider link-ability as new impressive
factor in interlinking is because once we publish a dataset, it is
important for us to be linked from other data sources to
increase our dataset's popularity and having a significant role
in providing information to the LOD cloud.
Measurement: is a mapping from the real world to the
formal world in predefined certain conditions [9, 15].
Metric: is a symbol or number which (based on the
mapping that was referred in measurement) is assigned to an
entity in a real world to quantify one of the entity’s attribute.
Metrics can be subjective or objective [4, 14].
RDF: A graph-based data model which is used to describe
web resources and relations between them. In this data model
information is represented as <subject, predicate, object>
triples [7].

RDF graph: An RDF graph is a collection of RDF triples
[29].
Complete graph: In the mathematical field of graph
theory, a complete graph is a simple graph in which every pair
of distinct vertices is connected by a unique edge.
Node: Each entity or literal which is placed as a subject or
an object of an RDF triple is represented by a node in a graph.
Edge: A line which connects two nodes inside a graph.
Link: A line which connects two nodes from two different
graphs.
Internal edge degree: No. of edges which enter a specific
node.
External edge degree: No. of edges which get out of the
node. Since LOD graph is a directed graph, we distinguish
between internal edge degree and external edge degree.
Degree Centrality: The number of edges incident upon a
node. In the case of a directed graph, we define two separate
measures of degree centrality, namely internal degree
centrality and external degree centrality. Accordingly, the first
one is a count of the number of ties directed to the node and
the second one is the number of ties that the node directs to
others.
Clustering Coefficient: The local clustering coefficient of
a node in a graph quantifies how close its neighbours are to
being a clique (complete graph).
Dereferenceable URI: is a resource retrieval mechanism
that uses any of the internet protocols (e.g. HTTP) to obtain a
copy or representation of the resource it identifies.
III. STATE OF THE ART
Interlinking is a new issue in linked data domain. Despite
its importance, it has only recently received some attention
from the Semantic Web community. Since our proposed
approach for interlinking assessment is based on graph theory,
we primarily focus on link analysis and assessment with
respect to Semantic Web and LOD, but also briefly touch
upon graph based metrics in similar applications that are
relevant to our work.
A. Link Analysis and Assessment in Linked Data Domain
Many attempts have been made to analyze and assess the
quality of links, with different goals in mind. Usually link
structure analysis is done with the goal of obtaining
information about semantic web structure. These analyses are
done with different purposes including: interlinking
assessment in semantic web, which shows that interlinking
between resources is improving thorough the years [12],
scalable data processing which represents information about
most used subjects, predicates, objects, n-grams and similar
information [23]. Also, Guéret and his colleagues have
measured the robustness of network by evaluating the effect of
link distribution in network robustness against attacks [16].
Link quality assessment methods can be divided into two
groups. The first group assesses all types of links, while the
latter one evaluates specific link types. Type-independent
evaluation can be done in different ways. Some of the works
focus on quality evaluation of links using a metric-based
approach. For example, the study done by [17, 28] represent a
platform called LATC to increase the quality and quantity of
links on the web. The aim of this platform is adding links to

the network to make it more robust against attacks. The
accuracy of the evaluation method is not sufficient due to lack
of considering link types and using sampling techniques. The
authors of [19] presented a set of guidelines for publishing
linked data on the web as well as some metrics for evaluating
data publishers’ conformance with these guidelines. They
presented two metrics for interlinking assessment.
There are also a number of works focusing on link quality
assessment without using metrics. For example, LiQuate is an
automatic tool which evaluates the quality of data and links in
LOD cloud using Bayesian networks. This system takes
advantage of statistical reasoning to return the probability of
ambiguity or incompleteness of data or links [27]. Another
work is an unsupervised approach for finding wrong links. In
this work, each link is represented as a feature vector in an
upper dimension space. Then the wrong links, which are far
from global distribution of other links, can be identified using
multidimensional outlier detection methods [25].
In recent years, there are several reported works done on
the evaluation of specific link types. Most of these works have
focused on evaluating the quality of owl:sameAs links. Also,
in [24] a methodology is represented for the analysis and
evaluation of owl:sameAs links in the web of data and ranking
their reliability. Here, quality evaluation is done according to
functional properties of involved instances.
A domain independent approach is represented in [8] to
investigate if a link between two entities is correct or not.
Their approach focuses on neighbors of those entities and
compares their features together. The authors of [1] evaluated
the quality of a linkset by measuring its completeness. In this
work completeness of a linkset is a way for estimating
possible losses in the completeness of combining two datasets.
B. Graph Theory Applications in other Domains
Graph theory has been used in different domains such as
computer networks, software engineering and neural
networks. In computer networks, graph theory has been used
for different purposes. For example, modelling attacks against
computer networks and choosing reactions as responses to
these attacks [22], modelling topological structures of
networks and studying problems such as routing, resource
reservation and administration [33], using traffic dispersion
graphs as an approach for monitoring, analyzing and
visualizing network traffic [20] and evaluating robustness and
connectivity in different topologies [6] are some of the studies
which have used graph theoretical metrics in their works. In
the software engineering domain a set of graph theoretical
metrics have been defined on feature models in software
product lines to prevent the manufacturing of low quality
products [2]. In neural network domain, graph theoretical
metrics have been used for analyzing human brain’s MRI data
to recognize some diseases and cure them [10, 11].
As mentioned above, there are few works which focus on
link quality assessment between different datasets. However,
none of them focuses on interlinking evaluation of a single
dataset. One of the biggest challenges in type-independent
evaluations in the past works is their low accuracy due to the
lack of consideration of semantics. Another reason for the low

accuracy is due to the sampling techniques that are used since
this is inevitable due to the large volume of data in different
datasets. On the other hand, most interlinking assessment
methods are manual or semi-automatic and they cannot be
applied to large datasets. They also cover few important
factors in interlinking. In this paper, we discuss the importance
of assessing the interlinking of a given dataset before its
publication as a part of the linked open data cloud. The main
objective of this study is to present a scalable approach to
evaluate the interlinking of a single dataset with a desirable
accuracy.
IV. PROBLEM STATEMENT AND CONTRIBUTION
Although interlinking is an important issue for the
successful organic growth of the Web of Data, there are only a
very limited number of research initiatives that focus on
interlinking assessment of a dataset in the Web of Data.
Therefore, the main objective of this work is to propose a
metric-driven framework that evaluates the interlinking of a
single dataset automatically, before it is publicly published.
For this purpose, we should first identify the main factors that
affect interlinking such as link type, class type, restrictions and
other semantic metadata. In other words, an attempt is made to
observe and clearly formulate a set of metrics that are
quantitatively measurable for a given dataset.
Then, we shall try to find meaningful statistical
correlations between the proposed metrics and interlinking
(which is not directly measurable) through empirical
observational studies. Based on these correlations, a
framework will be created that will be able to predict the
interlinking of datasets by just observing their measurable
metrics.
The fact is that none of the previous works has offered a
solution for interlinking assessment of a single dataset. In this
paper, we argue the importance of applying a metric based
approach for assessing the interlinking of a given dataset
before its publication as part of the linked open data cloud.
The novel contributions of this work can be summarized as
follows:
• We extend the definition of interlinking as an
important quality dimension of any dataset in the
context of LOD by proposing three sub-factors
including: internal linking, external linking and linkability;
• We systematically propose and validate a set of
automatically measurable metrics for measuring the
interlinking of a dataset;
• We introduce a novel approach for the interlinking
assessment of a given dataset on LOD, which can be
developed as an automatic tool.
V. THE PROPOSED APPROACH
Our approach for interlinking assessment involves the
measurement of internal linking, external linking and linkability. To achieve this goal, the following steps must be
performed:

1) Exploratory analysis of the previous and current works
on link analysis and assessment, and also the
application of graph theory in different domains;
2) Recognition of effective factors in interlinking
assessment such as different types of links;
3) Devising a set of metrics for interlinking assessment of
a single dataset;
4) Theoretical validation of the proposed metrics;
5) Selection of appropriate RDF datasets for evaluating
the proposed approach;
6) Converting RDF datasets to RDF graphs;
7) Implementing an automated tool for measuring the
proposed metrics;
8) Empirical evaluation of the proposed metrics by
developing a questionnaire for subjective evaluation of
the selected datasets;
9) Developing predictive (learning-based) techniques to
find a correlation between the proposed metrics and
interlinking;
10) Applying the final framework to predict
interlinking of datasets by measuring the metrics.

the

According to these steps, we have undertaken an
exploratory analysis of the previous and current well-known
works related to our research. We have systematically
reviewed the works which evaluate the quality of links and
classified them into two groups: link-independent assessment
methods and specific link type evaluation methods. Studying
related works, we realized that the existing approaches are not
accurate enough.
In order to cover this problem, we tried to extract effective
factors on interlinking of a dataset and we defined a set of
metrics to measure these factors. The employed approach for
metric definition process is Goal-Question-Metric (GQM) [3].
We have applied this approach for assessing the inherent
quality dimensions of a dataset in our prior research [5]. In
GQM, the goals are gradually refined into several questions
and each question is then refined into metrics. Also, one
metric can be used to answer multiple questions. Based on this
approach, twenty different metrics are proposed in order to be
used as measurement references for interlinking of a linked
open dataset. Since there has been a few metrics focusing on
interlinking evaluation in related works [17, 19, 28] we had to
study metrics proposed in other areas in an attempt to benefit
from them and adapt them for our work or define new metrics.
The main idea behind the design of these metrics has been
comprehensiveness
and
simplicity.
To
achieve
comprehensiveness, we have tried to cover as many influential
factors in interlinking of a dataset as possible. Therefore, the
metrics are proposed in three main groups: internal linking
metrics, external linking metrics and link-ability metrics. We
have also defined metrics by considering the graph structure of
a dataset, types of links, number of nodes, and schema of a
dataset (semantic metadata of a dataset) in order to achieve a
high accuracy. Thus, proposed metrics are classified into

graph-based metrics and semantic-based metrics. Graph-based
metrics focus on the graph structure (topology) of a dataset
while semantic-based metrics consider some semantic
metadata such as link type, class type, restrictions and other
semantic information. Furthermore, we have tried to define all
the metrics in simple ratio scale. Taking into account the
proposed metrics, it is understood that developing simple
metrics is our secondary objective.
Table 1 provides the description of each of the proposed
metrics. As mentioned before, some of the metrics are graphbased ones while others are semantic-based metrics. To better
distinguish these two groups of metrics, the names of graphbased metrics are highlighted with Bold, and semantic-based
metrics are Italic.
VI. INTERMEDIATE RESULTS
An important outcome of this work is the evaluation of the
assumption made in this study that a dataset within LOD can
be automatically processed using metrics and evaluated for
measuring its interlinking before release. It is expected that
given the values of the metrics computed for a given dataset,
the developed predictive models are able to estimate/predict
the value of interlinking which is not directly measurable.
In order to put the proposed metrics into practical use, we
have devised and implemented a tool that is able to
automatically compute the metric values for any given input
dataset. The code is available online at [31].
For better observation of metric behavior, different
datasets from a variety of LOD domains are selected. These
datasets are selected from NeOn project1, which is under EUFP6 program2. Table 2 presents the details of the selected
datasets. Here, we have reported the results of our experiments
over five datasets. Table 3 summarizes the results of the
experiments conducted on them. As presented in Table 3, we
were able to compute the values of all metrics using our
automated metric computation tool, which shows that all the
metrics have an objective nature.
Given the fact that the role of a metric is to measure an
aspect of a dataset that would distinguish it from other datasets
as much as possible and in light of the fact that all of the
proposed metrics, except three of them, have different values
on different datasets, it can be concluded that these are
discriminatory metrics. Thus, these metrics are suitable for
evaluating the interlinking of a dataset.
Only three of the metrics (M7, M13, M17) take on the
same values on different datasets. Since, we need the schema
of a dataset for computing semantic metrics and many of the
available datasets do not present their schema, there are
limitations in selecting datasets for evaluation. Thus, if we
were able to find other datasets with schema, we would
probably obtain different values.
VII. EVALUATION STRATEGY
In the previous section, the proposed approach was
presented. Here, we explain how to theoretically validate the
metrics. The proposed metrics are validated from a
measurement-theoretic perspective. Furthermore, we should

subjectively evaluate the proposed model using experts'
opinions, although we do not cover it in this research.
Generally, any kind of measure is a homomorphism from
an empirical relational system to a numerical relational system
[14]. Therefore, it is necessary to theoretically analyze these
measures within the framework of measurement theory. There
are two main groups of frameworks for the theoretical
validation of metrics. The Frameworks in the first group are
directly based on measurement theory principles [26]; while
the ones in the second group present a set of properties which
have to be satisfied by the metrics [9].
A metric is theoretically valid, if it could be validated by
either measurement theory-based frameworks or propertybased frameworks. In this work, we have validated our metrics
according to a well-known framework in the second group, i.e.
the property-based measurement framework [9]. This
framework provides five types of metrics including size,
length, complexity, coupling and cohesion and offers a set of
desirable properties which a metric of that type should satisfy.
Since, all of the proposed metrics are of the size type,
according to the property-based measurement framework [9],
they are expected to possess three main properties, namely,
non-negativity (size cannot be negative), null value (size is
expected to be null when a system does not contain any
elements) and additivity (when modules of a system do not
have any elements in common, we expect their size to be
additive). These properties have been analyzed for the
proposed metrics and it has been noted that all of the metrics
satisfy these three properties.
In this step of this study, we have received the experts’
subjective perceptions about interlinking of experimented
datasets. Currently we are using machine learning techniques
to find the correlations between the measured values of the
metrics and interlinking.
VIII. CONCLUSION AND FUTURE WORKS
In this paper, one of the quality dimensions in linked data
domain, i.e. interlinking is described. A new definition is
presented for interlinking using three concepts including
internal linking, external linking and link-ability and a set of
metrics are proposed to assess them. In order to cover the
challenges that exist in past works, we have focused on the
graph structure of a dataset, types of links, nodes and schema
of a dataset (semantic information) to assess the interlinking of
a dataset with desired accuracy. To put the proposed metrics
into practice, we have implemented an automated tool and
computed the metric values for five datasets across a variety
of LOD domains with different sizes. Finally, the suitability of
these metrics has been discussed.
We are currently focusing on the empirical evaluation of
the proposed metrics by capturing experts' opinions about
interlinking for all of the datasets used in this experiment. We
also consider developing statistical models that would take the
values of the metrics proposed in this paper for each dataset
into account and predict the interlinking of the dataset once it
is integrated into the LOD.
Improving the proposed metrics, implementing the
automatic tool in a parallel manner, defining new metrics by

considering other issues which affect interlinking, considering
other quality dimensions besides interlinking, such as security,
accuracy, etc. can be considered as future works.
TABLE I.
Dimension

DEFINITION OF PROPOSED METRICS FOR INTERLINKING.

Metric Name

Formula
.

GraphCompleteness

.

.
.

l Li ki

The ratio of the number of edges over the number of nodes
in a graph. This metric is an estimation of nodes' degree. The
higher the value, the more connected are the nodes to each
other.
The ratio of the number of entity nodes with high internal
edges over the number of all entity nodes in a graph. It
counts the entity nodes which have a high internal edge
degree. This metric is an estimation of internal linking and
the higher the value, the more internally linked the graph is.

.
.
Entity-In

I

Internal-Linking

Node-Degree

Description
The ratio of the number of edges over the number of edges
in a clique. It is an estimation of internal linking. The higher
the value, the more internally connected it is.

in

(

The ratio of the number of entity nodes with high external
edges over the number of all entity nodes in a graph. This
metric counts the entity nodes which have a high external
edge degree. The higher the value, the more internally
connected the nodes are

.
.

Entity-Out
(

External-Linking

External-Links

ExternalNodes

The ratio of the number of external links over the number of
all links and edges in a graph. The higher the value, the more
externally linked it is.

.
.
.
.

ExternalSameAs

.

.

Link-Ability

Parent-Class

.
.

RestrictionNumber

High-CC

.
.
.
(

URI-Length

1
2

.

Networked Ontology
Europian Sixth Framework Programme:
http://ec.europa.eu/research/fp6/index_en.cfm

.

The ratio of the number of nodes with external links out of
graph over the number of all nodes in a graph. This metric
counts the nodes which have external links to other datasets.
This can be an estimation of external linking.
The ratio of the number of external SameAs links to other
datasets over the number of all external links. Out of all
external links, owl:sameAs links have a more important role
in connecting related concepts. So the higher the value, the
more external linking we have.
The ratio of the number of parent classes over the number of
all classes. Parent classes presents more generic concepts,
and generic concepts have more potential to be linked from
other datasets.
The ratio of the number of properties without restrictions
over the number of all properties. The less we have
restrictions on a dataset, the more potential it has to be
linked from other datasets.
The ratio of the number of nodes with high clustering
coefficient over the number of all nodes in a graph. Nodes
with a high clustering coefficient are the key nodes in a
graph. The more we have key nodes in a dataset, the more
potential it has to be linked from other datasets.
The ratio of the number of nodes with short URIs over the
number of all nodes in a graph. Short URIs are more
readable. The more we have short URIs in a dataset, the
more potential it has to be linked from other datasets.

Dimension

Metric Name

Formula
.
.

High-In-DC
( = Mean Internal Degree Centrality)

.
.

High-Out-DC

Description
The ratio of the number of nodes with high internal degree
centrality over the number of all nodes in a graph. This
metric count the nodes which have a high internal degree
centrality.
(We distinguish internal and external degree centrality
because the LOD graph is a directed graph). Nodes with high
degree centrality are popular and important nodes in a graph.
The more we have important nodes in a dataset, the more
potential it has to be linked from other datasets.
The ratio of the number of nodes with high external degree
centrality over the number of all nodes in a graph. It is
similar to the previous metric, but it focuses on external
degree centrality.

( = Mean External Degree Centrality)
.
ObjPrp-Links

.

.

Entity-Number

.

.

:

Distinct-Objects

.

.
.

Class-Size

URI-Type

VocabImportance

.
.

.
.

NodeDescription

.
.

TABLE II.
Dataset
FAO Water Areas
Water Economic Zones
Large Marine Ecosystems
Geopolitical Entities
ISSCAAP Species Classification

The ratio of the number of object property edges over the
number of all edges in a graph. Object property edges
connect two entities to each other, while datatype property
edges connect an entity and a literal. The more we have
object property edges in a dataset, the more potential it has
to be linked from other datasets.
The ratio of the number of entity nodes over the number of
all nodes in a graph. This metric counts the entity nodes.
Entity nodes are the ones which can be linked from other
datasets, while literal nodes and blank nodes cannot be
linked from other datasets. The more we have entity nodes in
a dataset, the more potential it has to be linked from other
datasets.
The ratio of the number of edges with the label
owl:differentFrom over the number of all edges in a graph.
owl:differentFrom edges are an estimation of diversity of
instances. The more different instances we have in a dataset,
the more potential it has to be linked from other datasets.
The ratio of the number of entities over the number of
classes. This metric is an estimation of class size. The bigger
a class is, the more instances it has and so the more potential
it has to be linked from other datasets.
The ratio of the number of nodes with dereferenceable URIs
over the number of all nodes in a graph. This metric counts
the nodes with dereferenceable URIs. The more we have
dereferenceable URIs in a dataset, the more potential it has
to be linked from other datasets.
The ratio of the number of important used vocabularies over
the number of all used vocabularies. This metric counts the
important vocabularies which are used in the schema of a
dataset. Widespread vocabularies are important in relating
concepts in different datasets. The more we have common
vocabularies in a dataset, the more potential it has to be
linked from other datasets.
The ratio of the number of nodes which provides some
descriptive information over the number of all nodes in a
graph. This metric counts nodes which contain descriptive
information. These descriptions increase readability, so the
more we have descriptive nodes in a dataset, the more
potential it has to be linked from other datasets.

DETAILS OF THE DATASETS USED IN OUR EXPERIMENTS.
No. of triples
5,365
25,959
6,006
22,725
368,619

No. of instances
293
693
358
312
23,856

No. of classes
7
22
9
11
22

No. of properties
19
127
31
101
93

TABLE III.
N
o
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Large Marine
Geopolitical
ISSCAAP Species
STDE
Mean
Ecosystems
Entities
Classification
V
Graph-Completeness
0.006
0.001
0.00
0.002
0.002
Node-Degree
1.521
2.540
1.982
2.175
0.683
Entity-In
0.204
0.349
0.001
0.144
0.121
Entity-Out
0.295
0.031
0.005
0.207
0.161
External-Links
0.443
0.997
0.001
0.467
0.316
External-Nodes
0.189
0.625
0.002
0.239
0.282
External-SameAs
0.000
0.000
0.000
0.000
0.000
High-In-DC
0.164
0.156
0.002
0.113
0.080
High-Out-DC
0.151
0.044
0.005
0.111
0.073
High-CC
0.160
0.181
0.006
0.135
0.071
ObjPrp-Links
0.453
0.003
0.980
0.466
0.310
Entity-Number
0.201
0.047
0.971
0.320
0.330
Distinct-Objects
0.000
0.000
0.000
0.000
0.000
Class-Size
29.333
40.363
150.800
69.419
40.865
Parent-Class
0.333
0.920
0.333
0.520
0.241
Restriction-Number
1.00
0.189
0.954
0.669
0.351
URI-Type
1.00
1.00
1.00
1.00
0.000
URI-Length
0.215
0.612
0.161
0.374
0.270
Vocab-Importance
0.555
0.800
0.555
0.615
0.124
Node-Description
0.076
0.000
0.000
0.047
0.064
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