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Abstract—LARIISA is an intelligent system to support 
decision-making in public health governance. It uses context-
aware concept, ontology and personal tracking technologies to 
support the achievement of inference by the system. This 
article introduces a data integration platform for the Lariisa, 
called Clariisa, where we have as main objective to allow the 
integration of various databases relevant to health, with 
various governance issues involved, enabling a higher quality 
on the inferences made by Lariisa. Such integration is achieved 
through the linked data mashups that will be created 
according to each demand of inference made to the Lariisa. 

Keywords-component; Linked Data Mashup, Ontology, 
Context-Aware, Health-Governance System. 

I.  INTRODUCTION 
Governance is a general term that connotes a series of 

related trends in public administration and management of 
public policies whose goal is to leverage the knowledge 
available (in a community, for example) to improve 
administrative performance and democratization in the 
decision-making process. For example, the urban governance 
aims to promote a closer relationship with civil society 
organizations for the improvement of public welfare in large 
cities [1] [2] [3]. The concept of governance is also being 
used by international organizations such as the World Bank 
and the United Nations.  

The use of the information technology applied to the 
health governance has been the subject of several discussions 
today. Health managers feel great need for intelligent 
solutions that can help in decision-making. ICT's 
(information and communication technologies) has shown to 
be an important pillar for the establishment of governance, 
both by the possibilities that the use of technological 
equipment, small and more robust, brings to the health 
system, and intelligent systems that can be created to assist 
directly the health managers in their decision-making. 

Still related to health governance, it is obvious that one of 
the great problems of health information management is the 
fragmentation of health services, increasing the difficulties of 
keeping the system integration, with damage to its 
governance, which dissociates and sprays. It is known, for 
example, that one of the biggest searches of the DATASUS 
is the integration of your data, scattered in various sources 
and systems [19]. 

The Lariisa project [21] [5] [6], an context-aware 
intelligent system, to assist decision making in public health 

governance, is aligned the DATASUS searches. The Lariisa 
proposes to perform inference of information from five areas 
of governance: (i) knowledge, (ii) normative, (iii) 
epidemiological clinical, (iv) administrative and (v) shared 
management, in order to allow the health manager can make 
the best possible decisions [7]. 

The Semantic Web is distinguished in the evolution of 
the Lariisa project. It provides technologies to effectively 
publish, retrieve and describe data distributed on the Web. 
The large-scale data integration is probably one of the best 
use cases for Semantic Web technologies. 

This Semantic Web data integration can be achieved 
through the use of Linked Data. Linked Data is a set of 
principles and best practices that are based on Semantic Web 
technologies, such as RDF (Remote Description 
Framework), and reduces the complexity of data integration 
due to properly established and described connections 
between sources [20]. 

Given this context, the initial Lariisa’s architecture is 
evolving into a version called Clariisa, where shall consider 
the technologies discussed earlier: the Semantic Web and 
Linked Data. It is believed that the application of techniques 
and methods of data integration can bring great benefits to 
the systemic integration for various applications of e-
governance. 

Lariisa considers accomplish this integration of data 
through Linked Data Mashups. Mashup is an approach that 
allows users to aggregate multiple services, each serving its 
own purpose, to create a service that serves a new purpose 
[24]. In the case of Linked Data Mashups, multiple data 
sources are aggregated to create a new data source that 
serves a new purpose. This type of application is commonly 
used for specific situational needs. 

Also it should be noted the initiative related to the open 
government data. Governments are worrying in keeping 
open data, i.e. keep data to be used, reused and redistributed, 
and some already provide these data in Linked Data 
standards. 

According to Table I, available on the website of the 
LOD Cloud [23], the governmental area accounts for over 
42% of linked open data, and the life sciences account for 
more than 9%, totaling more than 50% of the existing data. 

 

TABLE I.  REPRESENTATIVIDADE DE LINKED DATA POR DOMÍNIO  

 



 
 

Despite all this representation and the efforts made by 
universities, by GT-INDA (National Infrastructure working 
group of the Open Data), by Brazil's Data.Gov and actions of 
States and municipalities, institutions, Brazil has not yet 
made available so massive its open data, in the form of 
Linking Open Government Data-LOGD. This alone would 
justify the availability of health data as Linked Data. 

Therefore, this article aims to specify a platform to 
publish Government health data, originated from various 
sources and patterns on the Web, using Linked Data 
Mashups. Such linked information can be consumed, 
manipulated and used by Lariisa or other Web applications. 

This work is organized as follows: section II presents the 
Lariisa platform; section III presents relevant related work; 
section IV presents information on Linked Data Mashups; 
section V presents the proposal of Clariisa. Finally, section 
VI presents conclusions and future works. 

II. LARISSA PLATFORM 
LARIISA is centered on the concept of context 

information of health [4] [11] [12] [13], featuring entity 
situations (family member, a health agent, Manager of 
health, among others, that are considered relevant to the 
interactions between a user and a system of health). 

This context is formally defined in order to facilitate their 
representation, the sharing and semantic interoperability in 
health governance system. 

For this purpose, the LARIISA defines two OWL-DL 
ontologies for context information modeling of local and 
global health. Local health context describes the situation of 
any entity interacting with the system of governance, such as 
end users (patients), health managers, health agents, etc. This 
information is used for the definition of rules of local health 
and decision to build global health context that describes 
high-level information, derived from local health context, 
and is used for decision-making in health governance. For 
example, the global health context describes the number of 
cases of dengue fever confirmed in a region (e.g., 
neighborhood, city, community), over a given period of time 
(e.g., one day a week). Therefore, this information can be 
seen as global indicators used to improve governance 
decisions. 

The local and global health contexts are classified into 
six dimensions: 

• Space – any information that characterize the 
situation of spatial dimension (e.g. location, 
location, GPS coordinates). 

• Time - any information that characterize the 
situation of the dimension of time (e.g. instant, 

half-day period, a period of month, year, 
season). 

• Spatio-Temporal - any information that 
characterizes the situation that is dependent on 
both space dimension and time dimension (e.g. 
weather conditions, temperature, noise, light). 

• Social – any information that characterize the 
situation of social relationships. 

• Computational - any information that describes 
the situation of computational characteristics 
(e.g. user's device configuration). 

• Health Element - sorts the context of 
information from the point of view of health 
(e.g., heartbeat, pulse, blood pressure). 

The LARIISA reuses GeographicallyEncoded Objects 
for ReallySimpleSyndicationfeeds (GeoRSS), a simple 
markup with location information to coordinate description 
and geospatial relationships, as well as the OWL that is used 
to represent the temporal content. Such concepts were based 
on work by [8]. 

The Lariisa sets the Local_Health_Context classes (see 
Figure 1) and Global_Health_Context (see Figure 2) to 
represent the concepts of context. 

These concepts capture the context information to 
characterize a situation that is relevant to contribute to 
decisions in health governance, that is, which can be used to 
define local and global decision rules. 

The framework uses the base model ECA (Event-
Condition-Action) to describe local and global decision 
rules that are translated within the rules using the Semantic 
Web Rule Language (SWRL), "a language with high level 
abstraction syntax for OWL rules." [25]. An event 
represents the identification of changes in context. A 
condition describes a valid set of context constraints, and an 
action describes a decision. 

 
 

 
  

Fig. 1.  Local Health Model of Lariisa 



 
 

Fig. 2.  Global Health Model of Lariisa 

Some applications are a result of the Lariisa framework, 
such as those specified in [14] and [15]. 

III. RELATED WORK 
Some earlier work dealt with the integration of data as 

Linked Data. In [16], it is proposed the DIGO (Delivery 
Information of Government). DIGO allows the primary 
governmental data access by machines in the form of open 
data so that citizens interested in having access to these data 
may combine them and produce new information and 
applications mashup, consequently enabling the OGD 
(Open Government Data) and data fusion in the LOD 
Cloud. 

DIGO architecture is divided into 5 layers. Figure 4 
illustrates the architecture and the layers. In particular, the 
work carried out in this 3-tier architecture was driving to get 
Clariisa's proposal. 

A common and well-defined process for creating a 
Linked Data Mashup project is proposed by [18], through a 
high level of specification data, dynamic content on a 
unified view of the data to be queried. 

 

 
Fig. 3.  DIGO Architecture Layers 

 
Based on these specifications, it is possible to 

automatically generate a query that will retrieve these data, 
as well as the execution plans of such consultations on the 
various sources, in the context of Linked Data, from which 
we obtain the understanding of the relationship between the 
sources and in semantic integration between these. Is based 
on these data recovery features that we propose, in section V, 
an effective way to integrate the LARIISA context-aware 
services, database of health institutions and provision of data 
semantics. 

IV. LINKED DATA MASHUP 
Mashup is a Web application that combines content from 

multiple services interactively or sources generating a new 
source of data or service. There is a difficulty in designing a 
mashup of conventional form, since it would need a high-
level language able to query heterogeneous sources and 
user's knowledge about this query language, the URIs of the 
data sources and their vocabularies. Still, according to [17], 
the user will make use of different Web APIs to access 
different sources and services. 

Linked Data Mashup emerges as a solution for semantic 
data integration in accordance with the following: (i) ease of 
creation and maintenance in relation to the method of a 
mashup. Linked Data Mashup identifies the relationship 
between the vocabularies of the sources and a high-level 
query language, e.g. SPARQL, can be used to query a set of 
heterogeneous data. (ii) Increasing amount of RDF data 
published on the Web according to Linked Data. 

Linked Data Mashup architecture, shown in Figure 4, 
sets: (i) how the data will be accessed, (ii) as are defined for 
discovery and reuse, (iii) how to run queries for data retrieval 
and (iv) how the data is accessed [18]. 

V. PROPOSAL OF THE CLARIISA 
LARIISA will be used as a software platform that 

contains many services geared to the publication of open 
data, which allow its integration with data from other data 
sources.  

Fig. 4.  Linked Data Mashup Architecture. 
 



The integration module described will have the function 
to query and extract specific data context-sensitive systems 
for health, Ministry and Health Departments’ information, 
ANVISA (national health surveillance agency) or any other 
system that has damning information for governance in 
health. 

Following the proposed process of creating Linked Data 
Mashup applications in [18] and focusing on the needs and 
environment of the Lariisa platform of governance in health 
is presented in Figure 5 the proposed integration module 
architecture. 

From the Ontology of Application (OA) is defined the 
global conceptual schema mashup according to the needs of 
LARIISA applications. Use standard vocabularies such as 
FOAF, GeoNames, DBpedia, Diseasome, DailyMed, 
DrugBank, for creating this ontology. 

When the OA data are not related to a common 
vocabulary published in Linked Data, it is necessary a 
mapping between RDF data structures or Database 
Management Systems (DBMS), to peripheral systems for 
OA (in this case use a wrapper – responsible for this 
mapping). The term peripheral systems can be understood as 
context sensitive systems, which use mobile services and 
Brazilian Digital TV [9] [10] or database of institutions, for 
example. For each of these will be generated an Ontology 
Exported (OE) that is the ontology that represents the system 
itself and describes a set of data according to the vocabulary 
defined in the OA. 

The Dynamic Content Vision (DCV) consists of a 
quadruple < S, P, Q, E >, where S is the XML schema that 
defines the attributes and the expected result, P is a list of 
parameters defined on the basis of the exchange of data 
between the pages of the mashup, Q is a parameterized 
SPARQL query, E is a set of links by specifying navigation 
with other DCVs, if any. In this way, a DCV sets the 
consultation on OA to get the data that will be passed to the 
requester LARIISA application through web services, with 
REST or SOAP, creating security and confidentiality to data 
access. 

 
Fig. 5.  Clariisa Integration Module. 

In the architecture exposed is of course the ease of data 
integration in a heterogeneous environment. The use of 
Linked Data Mashup also facilitates the dissemination of an 
RDF document to another application or user. A DCV can 
be created to provide Open Data. 

The module will integrate services provided by 
Government Open Data and it can be used and contribute to 
the project. An example of this is the use of data provided by 
the Ministry of health, as shown in Figure 5. 

The use of this technology allows an application of 
Linked Data Mashup use another LDM application. In this 
sense, the Clariisa could use existing mashups as the 
Diseases and Drugs Mashup[22] and the municipal 
purchasing one for information on purchases of medicines, 
and make it possible for the health manager check for any 
irregularities in the purchase of medicines made by the 
municipalities. See Figure 6. 

 
Fig. 6.  Application Example of Use of Clariisa 

VI. CONCLUSION 
This article introduced the Clariisa platform, an 

evolution of the Lariisa, a project that seeks to make 
inferences that assist decision-making in health, based on 
the context of the actors involved (data collected from users 
of the health system, health staff profile, location of these 
actors, etc.) and knowledge in several integrated health 
information databases. 

These data, knowledge and information are obtained 
from the data integration architecture of health proposal. 
With Clariisa we can capture data open sprayed in various 
sources and integrate them in order to get information that 
can be used both by applications of Clariisa itself, as in other 
applications. 

Clariisa can be used, for example, by the DATASUS to 
consume health-integrated information. In fact, the Clariisa 
is one of the strategic axes of NextSaúde, a project of the use 
of ICT’s in health, which will support the DATASUS in the 
research, and development of solutions for the industry. 

As further work, we have the development of 
applications, endpoints, with specific areas of health 
information in order to serve as case studies for the proposal. 
For example, we could join the Diseases & Drugs Mashup 
and the Municipal Purchases Mashup to make it possible for 
the health manager check any irregularities in the purchase 



of medicines by the municipalities, as mentioned in the 
previous session. 
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