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Abstract—This paper explores the possibility of extracting
semantic relations from data published on government open
data portals. We have introduced a relation extraction
architecture that can be placed on top of the government
interoperability framework, and wused for creating
additional relations among published datasets. If a
government has not implemented interoperability
framework, the architecture can be still used, since it is
designed to provide the same functionality if it had open
data as a data source. The proposed architecture enables
extraction of semantic relations between open data and
examines possible collaboration relations between data
sources.

L INTRODUCTION

Open Government interoperability enables
collaboration between governmental authorities and is
often seen from three perspectives: technical, semantic
and organizational, each emphasizing an important aspect
of integration between data, public administrations and
users. Although there are successful interoperability
frameworks providing efficient mechanisms for
addressing architectural issues, increasing user demands
for open access to government held data are pushing
governments towards embracing innovative technological
approaches and stepping out of the well-known to more
intelligently handle user requests. When a user places
request for information on governmental open data portal,
they expect to easily obtain it, without too much effort.
More importantly, a user often does not precisely know
what they are looking for and are keen of blaming the
software for not returning the correct results. This can be
solved by offering more intelligent approach to searching
datasets and presenting results to the user in a way so that
the search results contain not only what a user has
searched for but also related datasets.

Linking datasets with each other as well as with
external relevant data sources enables intelligent data
search and provides more sophisticated and pertinent
results. Linked open data (LOD) initiative has arisen
precisely from such needs and is currently providing a
powerful method for making semantic relations between
datasets [1]. Being aware that the percentage of published
datasets in LOD formats (RDF, XML) on open data
portals is not very high, we have also explored alternative
approaches, such as tags defined for each dataset and
explicitly established relations, to design a method for
linking information published on open data portals. In
this way we have defined a new layer on top of well-
established interoperability framework that utilizes

implicit and explicit relationships between datasets to
provide intelligent search mechanisms and responses with
connected information.

In this paper we will address semantic and
organizational aspects of interoperability. Semantic
aspects will be reflected in analyses and implementation
of possible ways for establishing relations between
datasets, either via tags or explicitly defined relationships,
with final goal of providing wider result context and
recommendations based on wuser input in real-life
situations. By connecting datasets, we will implicitly
provide a mechanism for exploring connections between
publishing agencies based on content they publish and
thus tackle the organizational interoperability aspect. The
main contribution of our research is a model for
expanding interoperability framework with additional
Relations Extraction Layer along with test results
obtained from model application on a selected open data
platform. Illustrated with realistic use cases, the presented
model will confirm the importance of collaboration
between publishing agencies for building semantic open
data portals capable of providing clear and
understandable resulting datasets.

II.  INTEROPERABILITY AND OPEN DATA

The term e-government is broadly defined as the use of
information and communication technologies to support
business processes of government. Implementing the “e”
part in the government processes brings many benefits,
among which improved efficiency, transparency,
accountability, improved access to public services and
lower operational costs [2]. Delivering these benefits is
not a simple task, especially if there is a lack of
interoperability between public administration bodies.
Interoperability in e-government is often expressed as the
ability of information systems to support exchange of
data and sharing of knowledge and information [3]. From
our point of view it is possible to create an impression of
interoperability, even in cases when this concept lacks
implementation. To achieve such thing we will introduce
the notion of open data.

Open data in the context of e-government can be
defined as data published under open license on open data
portals, herein available for anyone to use, reuse and
freely re-distribute [4]. It can be data on enacted laws,
transport data, meteorological data, statistical data or any
other government held data that can be made available to
the public. When publishing open data government
agencies can assign an attribute to data that will represent
a relationship between this data and other published data.
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For example, one enacted law is related to some other
laws, or poll data is related to data on citizens and data on
poll places. By having this relations we can then see how
the public administration agencies are related to each
other. Therefore it is possible to create a new layer of
interoperability in e-government that can be achieved
through the notion of open data.

To explain our idea more thoroughly, we will give an
overview of different layers of e-government
interoperability and position a new layer that can be
added independently, by using open data as the main
asset of e-government openness.

A. Interoperability layers in eGovernment

The three most common layers of interoperability [5]
in eGovernment and their goals are given in Table 1. The
goal of technical interoperability is to establish a ground
infrastructure for data exchange by resolving technical
issues of linking diversity of computer systems and
services. Interoperability at the technical layer should
result with an abstraction of a communication channel, so
that data can use a single level of communication [6]. The
semantic interoperability layer can be established only
when there is a successful information exchange,
therefore, it is placed as a second layer [7]. The role of
this layer is to provide exchange of meaning. By
providing a common methodology, definition, structure
of information and shared services for information
retrieval, any person or application receiving the
informaiton should be able to understands its meaning
[8]. On top of interoperability layers is the organizational
interoperability that aims to achieve the process
agreement, or more precisely the alignment of inter- and
intra-organizational processes [7].

There are other interoperability levels introduced by
some authors, such as the syntactic layer [9] that is to
provide the common data exchange format, or the layer
of structured customer contact and support as proposed
by European Public Administration Network (EPAN) [8],
or the legal iteroperability layer presented by Bekkers
[10]. The introduction of these layers is most concerned
with what hinders interoperation. However our goal is not
to discuss these interoperability layers, but to set the
ground for the introduction of another perspective of the
interoperability and the corresponding relations extraction
layer.

B.  The position of open data in interoperability
infrastructure

Open data portals arouse as the user interface to all
publicly available data held by government agencies. As
part of the global movement for achieving openness in
government through opening data, procedures and
processes, it became a must for a government to have an
open data portal. Open data portals are structured in a
way to offer data from every data provider. There are two
possible scenarios that could run in the background of
open data portal. In the first scenario there is successful
interoperability framework adopted and implemented in
the state administration. The framework provides open
data from all public agencies, and these data are

TABLE L.
INTEROPERABILITY LAYERS IN EGOVERNMENT
Layer Goal
Technical Data exchange

Semantic Meaning exchange

Organizational Process Agreement

presented through the open data portal. Data can be
searched for using various data properties, such as tags,
publishing date, publishing authority, etc. Relations
among different datasets may be automatically generated
by the interoperability framework. Based on the data
relationships to other published data user can be
presented with datasets he searched for, but also with
related datasets. This is an optimistic scenario that might
be implemented in some more advanced e-governments.
Even when there is an interoperability framework behind
the e-government it is questionable, whether this
framework is used as a source for open data that are to be
published on the open data platforms.

The second possible scenario presumes that open data
are not a product of an interoperable e-government
platform, but more likely an asset of joint effort of all
public administration bodies to publish their data. This
presumes that each publishing organization (authority)
has to enter datasets manually from the administrator’s
interface. With a lack of interoperability framework,
publishing authority would have to manually connect
datasets, it will have to specify which datasets are related
and in what way are they related to the publishing dataset
or existing dataset. This is more realistic scenario that is
present in some less developed countries where e-
government interoperability framework lacks
implementation.

Both scenarios rely on the open data layer. Either as a
product of interoperability framework, as in the first
scenario, or as a product of the open data portal, in the
second scenario, data layer represents a foundation layer
for our approach to interoperability through the open
data. On the top of this layer we will place the relations
extraction layer that will be described in details, in the
succeeding section of the paper. This layer will be
responsible for creating semantic relationships between
open datasets.

What we are trying to accomplish with this layer will
be clarified through the answers on the following
questions: How to provide related datasets to the user if
there are no explicit relations between datasets? That is,
how can we create a mirage of interoperability through
the published open data, even when there is no underling
interoperability infrastructure? How to connect datasets
on the basis of their associated structure, for example by
exploring their categories or tags? How to extract
connections between data publishing authorities based on
data relations to other data?
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III.  RELATIONS EXTRACTION LAYER

A. Relations Extraction Layer Architecture

Relations Extraction Layer (REL) represents an
extension of interoperability platform. It is placed on top
of the interoperable infrastructure and its role is to
establish new semantic relationships between open
datasets. It uses the services of underlying interoperable
infrastructure, without the need of knowing the way this
infrastructure operates, and applies information extraction
mechanisms in order to produce new semantic-reach data
collections. In such way, this layer provides connections
that are essential for providing users with wider
search-result context based on available data.

Fig. 1 illustrates the architecture of the proposed
relations extraction layer. The foundation of relation
extraction layer is open data layer that is on the other
hand the top most layer of interoperable e-Government
system. This layer is comprised of datasets published on
government’s open data portal. Datasets belong to
different categories, contain different types of resources
and may or may not be already inter-connected. The
interoperable foundation enables defining relationships
between datasets prior to their publishing online and we
reference them as explicit relationships, but that is
optional and left to publishing agencies to decide.
Explicit relationships are helpful for connecting datasets,
but limit information extraction possibilities to the
predefined connections set only.

In order to overcome this impediment, we introduce
Relationships builder layer that implements Information
extraction mechanisms and applies them to underlying
open datasets.

Relationships Builder examines available meta-data
of published datasets and searches for possible
connections based on three different features:

e  Explicit relations
e Tags
e Linked data

Explicit relations origin from publishing agencies and are
most likely been defined during the dataset creation
process. These relations are strictly defined by referring
to the source and destination datasets and relationship
type (inherited from, links to, is related to, etc.). Explicit
relations represent obvious feature for searching for
connections between datasets, but put limitations in terms
of being pre-defined.

Tags are another feature that could be utilized for
establishing new connections. Tags are like explicit
relations defined for each dataset during the creation
process and are intended to provide mechanism for
simplifying the search process. Tags could be thought of
as topics on which information is published within
datasets enabling user to search topics of interest.
However, they are the source of implicit connections as
publishing author does not know if there are or what are
other datasets with the same set or a subset of tags. Tags
could thus be efficiently used for grouping different and
not explicitly connected datasets around the same topic or
topics.

Linked open data (LOD) represent the most powerful
feature for enriching data with new semantic context.
LOD provides linked information from anywhere on the
Web and of any type: text, structured data, image, video,
and other. Publishing open data in RDF format would
significantly enhance intelligent information management
and enable exploitation of the Web as a platform for data
and information integration [l11]. CKAN opendata
platform supports RDF data format for publishing
datasets. Linked datasets are added using links meta-tag
and they reside in the extras section of the dataset
representation. Linked data are added during the dataset
creation process and often reflect author’s presumptions
on which datasets are inter-connected.

B. Relations Extractions Layer implementation

The implementation of the relations extractions layer
is currently in beta version. This release is depend on the

Extracted Relationships

Result: implicit relationships

p—

Explicit relations

_ Relationships Builder

Linked open data

Published open datasets with explicit

Open Data Layer

Interoperable infrastructure

Figure 1.

inter-data connections

Relations Extraction Layer architecture
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CKAN (Comprehensive Active Knowledge Network)
API, but in stabile version it will be extended to support
other common open data platforms. We have chosen the
CKAN API since it provides the opportunity for
governments to publish related datasets (packages). It
also provides mechanism to automatically pull dataset
dependencies when someone is downloading a dataset.
Published relations can be extracted from the dataset
object that we can query through API calls.

Explicit relationships provided by CKAN can be one
of the following: depends on, dependency of,
derives_from, has derivation, child of, parent of,
links_to, linked from, links.

Implicit relations can be found by exploring dataset’s
tags. Each dataset object contains associated tags. These
tags can be used for finding semantic relationship
between datasets. For example we can see all the tags of a
dataset and query other datasets that contain same tags.
Then we can see the publishing authority of those dataset
and try to find correlation between them.

REL implementation offers the user possibility to
choose whether he is searching for explicit or implicit
relations. And for explicit relations, we also allow user to
choose the type of relation he is searching for. In the next
section we will demonstrate two use-cases of relations
extraction framework.

IV. USE CASE RESULTS AND DISCCUSION

On the Open Knowledge Foundation’s open data
portal datahub.io, there are currently 8785 datasets
available. The CKAN API exposes functionality to users
to retrieve all datasets names
(http://datahub.io/api/1/rest/dataset). User can see all

li:‘.ense_title: "Creative Commons CCZera",
maintainer: "Sarven Capadisli",

private: false,

maintainer email: "info@csarven.ca",

num_tags: 21,

id: "B&6ab%9e5-65d1-4b6c-bf0f-c6Bedcbaedd ",
metadata created: "2014-08-08T09:21:03.109104",
relationships: [ 1,

license: "Creative Commons CCZero",

metadata modified: "2014-08-08T10:20:35.631845",
author: "Sarven Capadisli”,

author email: "infofcsarven.ca",

download url: http://abs.270a.info/spargl,
state: "active",

wversion: null,

license id: "cc-zero"”,

type: "dataset",

» resources: [ ],
num resources: 5,
* tags: |

"country-codes”,
"economics",
"format-dcterms",
"format-prov”,
"format-gb",
"format-rdf",
"format-sdmx",
"format-skoa",
"government",
"indicators",
"license-metadata”,
"linked-data",

"led",
"lodcloud”,
"lodcloud.candidate™,
"no-proprietary-vocab®,
"provenance-metadata”,
"published-by-third-party"”,
"statistics",
"vocab-mappings",
"void-spargl-endpoint”

1.

* tracking summary: {
total: 0,
recent: 0

.

attributes of the specific dataset by requesting the dataset
by its name or id (http://datahub.io/api/1/rest/dataset/abs-
linked-data). CKAN will send a JSON representation of
the requested dataset object (Fig. 2, Fig. 3).

v organization: |
description: "[270a Linked Dataspaces] (http://270a.info/)",
title: "270a",
created: "2013-10-28T08:22:11.415362",
approval status: "approved",
revision timestamp: "2014-07-25T16:03:21.0143582",
is organization: true,
state: "active",
image url: http://270a.info/media/images/270a.svg,
revision id: "064432a8-0475-4a0d-b95f-6eblecadd33d”,
type: "organization"”,
id: "61fc5a3a-04c3-4fd%-a6b4-3d72ab04c606”,
name: "270a"

b

name: "abs-linked-data",

isopen: true,

notes rendered: "<p>ABS data and metadata\n</p>",

url: null,

ckan url: http://thedatahub.org/dataset/abs—linked-data,

notes: "RBS data and metadata",

owner org: "61fc5a3a-04c3-4fd9-a6b4-3d72abl4ce06™,

ratings_average: null,

extras: [
"links: transparency-linked-data": "92",
triples: "2337400000",
"links:bis-linked-data": "198",
"links:bfs-linked-data™: "2%",
"links:world-bank-linked-data": "92",
namespace: http://abs.270a.info/dataset/,
"links: the-eurostat-linked-data": "32",
"links:geonames-semantic-web": "22",
url: http://abs.270a.info/,
"links:ecb-linked-data™: "2%",
shortname: "abs.270a.info",
"links:dbpedia™: "20",
"links:uis-linked-data": "485",
"links:fao-linked-data": "29%"

I

license url: http://www.opendefinition.org/licenses/cc-zero,
ratings count: 0,

title: "Australian Bureau of Statistics (ABS) Linked Data",
revision id: "5e9389b7-6c01-4b5d-9833-50343eld2fec”

Figure 3. JSON representation of CKAN’s dataset object - extras

For the first use-case we will try to find the correlation
between publishing authorities on the basis of the
dataset’s tags. We will do this by extracting all tags of the
current dataset and find datasets that contain any of these
tags. From the framework’s interface we will enter URL
to portal’s API and dataset name (Fig. 4).

Relations Extraction Layer

API portal

hitp://datahub.io/api

Dataset

abs-linked-data
START Reset and Reload
Results | Details

Title: Australian Bureau of Statistics (ABS) Linked Data
Description: ABS data and metadata

Figure 4. Interface to relation extraction framework

As a result we will receive the resource name,
description and tag. By clicking on the dataset’s name
framework will present a tree map in the Details tab (Fig.
5) with all related datasets and their tags.

Figure 2. JSON representation of CKAN’s dataset object — tF%fge 141 of 522
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Relations Extraction Layer

AP portal

hitp datatut orap

Dataset

Figure 5. Relations extraction — datasets search

For the abs-linked-data dataset REL found 12 relevant
datasets and their corresponding tags (Table II). Same
tags have the same RGB color combination, so that the
user can have a visual conclusion about the common tags
between datasets.

From this point user can click on any listed dataset and
he will receive a tree map as a visual representation of all
datasets that have similar tags as the chosen dataset. In
the given use-case we searched for a specific dataset by
entering its’ name but in the case the user does not know
the dataset’s name, he can enter any word and the
framework will list all datasets that contain searched
word in their name (Fig. 6).

AP portal
hitpfidatahub kvap
Dataset
abs-inked-data

Figure 6. Relations extraction — tag level

As a second use-case we will demonstrate relations
extraction layer method for extracting explicit relations.
This relations are set at the time of dataset creation and
they are often stored in the extras section of dataset object
representation. From meta-data that are exposed for each
dataset we can learn about the dataset. For extracting
relations we need to look for the following meta-data:
links (within extras section) and depends on,
dependency of, derives_from, has_derivation, child of,
parent_of, links to, linked from (from relations section).

TABLE I
REL IMPLICIT RELATIONS EXTRACTION - RESULTS

Dataset name Tags

21 tags (country-codes,
economics, format-dcterms,
format-prov, format-qb, format-
rdf, format-sdmx, format-skos,
government, indicators, license-
metadata, linked-data, lod,
lodcloud, lodcloud.candidate,
no-proprietary-vocab,
provenance-metadata,
published-by-third-party,
statistics, void-sparql-endpoint,
vocab-mappings)

abs-linked-data-Parent

tr ency-linked-dat 18 tags

/4

imf-linked-data

is0-3166-1-alpha-2-
country-codes

21 tags (same as parent)

1 tag

the. linked-dat

16 tags

ecb-linked-data 21 tags (same as parent)

frb-linked-data 21 tags (same as parent)

world-bank-linked-data 18 tags

oecd-linked-data 21 tags (same as parent)

bis-linked-data 20 tags

fao-linked-data 21 tags (same as parent)

bfs-linked-data 21 tags (same as parent)

uis-linked-data

21 tags (same as parent)

REL will search dataset object in order to see whether
those predefined meta-data have value, and if so, REL
will return explicitly linked datasets.

For the abs-linked-data dataset, REL extracted ten
related datasets from the JSON representation of dataset
object: transparency-linked-data, bis-linked-data, bfs-
linked-data, world-bank-linked-data, the-eurostat-linked-
data, geonames-semantic-web, ecb-linked-data, dbpedia,
uis-linked-data and fao-linked-data.

Compared to the first use-case where REL used
extraction by tags and found twelve datasets which are
considered as implicit relations, this second method
found less relations, but their significance is grater since
those relations are set by the author of the dataset.

The first use-case results with seven datasets that REL
also recognized using second extraction method - explicit
relations extraction. Those seven common datasets are
marked in Table II. There are also five more datasets
found by this second method that are not listed in
dataset’s object returned by API call. This implies that
this five datasets found by REL might be also in a strong
relation with the searched dataset especially the following
four datasets: imf-linked-data, oecd-linked-data, frb-
linked-data and uis-linked-data, since they have 21
common tags with starting dataset. Therefore REL
discovered some new relations that exist between starting
dataset and found datasets. In this phase we cannot
categorize discovered relation for sure and say that it is
for example parent_of relation between the two datasets,
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we can only say that relation exist. In the second phase
REL will try to propose the relation to the user and offer
the user possibility to connect the two datasets. In this
use-case REL has contributed to the origin dataset since it
has provided new correlated datasets.

Having relation extraction layer on top of the open
data we can discuss relationships between organizations
and offer possible correlations between them on the basis
of relations that exist between open data.

For example if one organization publishes similar data
as some other organization we can make assumption
based on their published data and relations between their
data that these organizations are connected in some way.
Maybe one organization is operating under jurisdiction of
another, or they are linked and dependent of one another
in some other way. Connection on the organizational
level is not yet implemented but it is one goal of the
relations extraction framework. Due to the complexity in
recognizing possible relations based on the small
collection of parameters that can lead to conclusion about
the type of relation, this problem requires more research
and it will be incorporated in REL in the forthcoming
research.

V.  CONCLUSION

In this paper we defined an architecture that allows
creating new semantic relations between data published
on open data portals around the world. We have
implemented beta version of the relations extraction layer
and it is available on openindex.gislab.rs portal [12]. This
first implementation addresses the challenge of finding
related datasets and realizes two approaches described in
this paper.

Through the two presented use-cases we wanted to
demonstrate how REL can be used to generate
meaningful new connections between datasets. The tag
similarity method found five new datasets, of which four
with same tags as starting dataset. For those four datasets
publishing organization is 270a Linked Dataspaces that
is, the same as starting dataset organization. This further
implies that we can create explicit relation between
starting dataset and found datasets. This relation can be a
link — using link meta-tag, or even better we could
propose a method that could try to identify type of
relation  between  datasets  (child of, parent of,
depends on, etc.). New semantic relation can be
proposed on the basis of similar tags but it can also

include other meta-data, such as publishing organization,
data resources, data openness, etc., in order to better
propose relationship type. As aforementioned CKAN
offers six possible relations between datasets. For now we
don’t have a reliable method for recognizing what should
be the type of relation between starting dataset and found
datasets and so we propose link meta-tag for assigning
discovered datasets and linking them to starting dataset.
However our future goal is finding a proper method to
propose what relationship type would be most appropriate
between two datasets based on their similarity and meta-
data.
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