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Abstract—LARIISA is an intelligent system to support 
decision-making in health governance. It uses context-aware 
concept, ontology and tracking technologies to support the 
achievement of inference by the system. This article introduces a 
data integration platform for the Lariisa, where it  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. 
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I. INTRODUCTION 

Despite the significant progress that Brazil has done in the 
area of health over the years, there remain challenges related to 
inefficiencies and poor quality of the services provided [1]. 
Many of these challenges are linked to failures of governance. 
Governance, according to the World Bank, is the manner in 
which power is exercised in the administration of social and 
economic resources of a country aiming at the development, 
and the capacity of Governments to plan, formulate and carry 
out policies and scheduling functions. 

In this sense, information technology shows itself as a 
mainstay for obtaining this governance. In the area of health, 
for example, information technology acts as a facilitator of the 
processes of health providers, provides tools that help 
healthcare professionals to make the most accurate diagnosis 
and can also assist in the management of services provided. 

The Lariisa project [2] has been proposed to perform health 
information’s inference to assist decision making health 
Manager. The platform is based on context-aware health 
applications, i.e., that take into account information that may 
be used to characterize the situation of an entity [3]. Means that 
the inferences made by the Lariisa can be obtained from 
information generated in a short period of time and not only 
from a long history of information. 

Besides the advantage of being context-aware, the Lariisa 
proposes to accomplish these inferences from health 
information that represent 5 areas of intelligence, called the 
Governance Health System, which according to [4], they are 
needed for a Healthcare Manager make the best decisions. 

They are: (1) intelligence of knowledge management, (2) 
normative intelligence, (3) clinical-epidemiological 
intelligence, (4) administrative intelligence, and (5) shared 
intelligence. 

With that, the work designed in this article constructs a 
model of how the data should be submitted to Lariisa, whether 
these data come from applications built exclusively to provide 
information to the platform, whether data coming from existing 
health systems to provide data for the Lariisa, whether open 
health data already available. The proposed model also 
specifies how the Lariisa will perform inferences from these 
data obtained. 

The Semantic Web is distinguished in the construction of 
this work. She 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 [5], [6]. The Semantic Web 
considers the concept of migrating the “Web of documents" to 
a "Web of data", so instead of the cluster of pages and links 
between them that we have today, we will have a mass of data, 
interconnected, available in the Internet. 

This data integration in the Semantic Web is 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 and SPARQL, and reduces the 
complexity of data integration due to the links correctly 
established and described between sources [7], [8]. 

Given the above, the model built integrates health data, 
using the technologies and recommendations of the Semantic 
Web and Linked Data. Such linked information can be 
consumed, manipulated and used by Lariisa. 

The main contribution of this work is the possibility to 
implement the main concept of Lariisa, that is the realization of 
information inference based on 5 management intelligence 
domains already mentioned, since previous work about the 
Lariisa were focused on applications that provided information 
only on an area of specific intelligence, the clinical-
epidemiological intelligence. 

II. THE LARIISA PLATFORM 

Applications developed for the Lariisa must be able to 
detect the change in context of the environment in which they 



find themselves and provide information so that it is possible to 
perform inferences to aid in the decision-making process of 
Health Manager. 

The health context to which the Lariisa is centered [9] 
characterizes situations of entities such as family members, a 
health officer, the health Manager, among others, i.e. entities 
considered relevant for the interactions between a user and a 
health system. 

For this purpose, the LARIISA defines two ontologies for 
information modeling of local and global health context. 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 may be seen as global indicators used to 
improve governance decisions. 

The Lariisa stands out against other intelligent systems in 
the area of health management, because it relies on the 
Governance Health System by [4], as already mentioned. In 
Figure 1, we have the conceptual model of the Lariisa, 
performing inference of information from 5 domains. 

 
Fig. 1. Domains of intelligence in Health Governance  

In practice, the Lariisa may have applications developed 
with the purpose of providing information concerning a 
domain specific intelligence, as did [10] who develop a 
prototype that had set the aggravations of dengue fever in the 
State of Ceará, and [11] who proposed an environment of 
integration of heterogeneous context providers, such as Digital 
TV decoders, mobile devices sensing equipment, etc. Both 
developed their work considering the clinical and 
epidemiological domain. 

More recently, in the work of [12], the LARIISA added in 
its local context ontology concepts of Geographically Encoded 
Objects for RSS (Really Simple Syndication) feeds called 

GeoRSS, a simple markup with location information to 
coordinate description and geo spatial relations, which is used 
to represent temporal content, enriching the patient health data 
collected by a mobile device, for example. 

III.  RELATED WORK 

Some earlier work dealt with data integration with Linked 
Data. In [13], DIGO (Delivery Information of GOvernment)  is 
proposed. It allows primary governmental data access by 
machines in the form of open data enabling interested citizens 
have access to this data and can combine them and produce 
new information and Mashup1 applications. 

The work of [14] also contributes to the development of 
this work. Reference [14] described an efficient mechanism for 
integration of data on Linked Data from an architecture of 
Linked Data Mashups based on the use of Linked Data Mashup 
Services. Developed a module for efficient execution of 
federated queries over Linked Data. 

The unpublished work of [15] was extremely significant, 
because in his work he presented a Linked Data framework 
able to make transparent the process of inclusion of new data 
sources. As a case study of his work he joined various data 
sources to confront municipal purchases made by the 
Government. 

Another very relevant work was the [16] one. In this work 
the authors demonstrate the advantages in the use of Linked 
Data for pharmacological data integration. With the connection 
of some sets of data available in the Linked Open Data (LOD) 
cloud2, the case study presented allows the business manager 
navigate through data relating companies, clinical trials, drugs, 
diseases and genetic variations. 

IV. METODOLOGY 

The health data integration proposal in this paper assumes 
that the datasets to be used are numerous and heterogeneous, 
and it are be not considered only data sets already available on 
the LOD cloud, but it is possible to integrate data that are not 
yet in the Linked Data model. Thus, the LARIISA shall 
provide the most reliable information to the Health. 

For the model construction, we chose make use of the 
mediation framework, based on ontologies, proposed by [17]. 
He uses the concepts of application ontology that represents the 
common vocabulary among the various sources of data, and 
exported ontologies, which model each data sources used. 

The case study implemented takes into account the data 
integration from two areas of intelligence in management: 
clinical-epidemiological intelligence and shared intelligence. 
We made the integration of the data relating to dengue cases in 
the city of Fortaleza, representing the clinical-epidemiological 
intelligence, and with the data of the Observatory of Dengue3 
representing the shared intelligence. The data from the 
Observatory will show in real time the feeling of the Brazilian 

                                                           
1  Mashups are new development approaches where aggregate multiple services for the creation of a new 

service to serve a new purpose. 

2  Set of Linked Data published by community Linking Open Data or by individuals or organizations in 

isolated initiatives. 

3  www.observatorio.inweb.org.br/dengue/ 



population about dengue fever via Twitter, and can be 
considered a good source of epidemiological information [18], 
[19]. Only with the integration of information belonging to two 
intelligence domains we realize the wealth of inferred 
decisions compared to inferences made with information from 
only one domain. 

The goal in integrate these two data sources is to provide to 
the health manager dengue aggravations information of 
Fortaleza city arising both from official sources, getting the 
data from the Monitoring System of Daily Aggravations 
(SIMDA)4, as unofficial sources, which is the case of Dengue 
Observatory. Thus, it is possible to obtain information more 
expressive, seen the possibility of outbreak information in real 
time, before even notifying performed in hospitals. 

Next, we define a process for integration. Thus, in general 
terms, we define the proposed integration model for carrying 
out the following steps: 

STEP 1: modeling application ontology after defined the 
health set information that will be delivered by Lariisa. In the 
case study of this paper the health information delivered by the 
LARIISA is related to the dengue aggravations, then our 
Application Ontology should have a vocabulary related to this. 

STEP 2: selection of data sources to be integrated and 
modeling of Ontologies Exported, based on information that 
you want to deliver. The sources may already be in the Linked 
Date format or be in a relational database. If the data is in the 
relational form, which proceeds on the presented case study, 
we must perform the data triplication according to the ontology 
exported defined for the data source. 

STEP 3: Heuristics to identify sameAs links between 
ontologies. In this step, performed a priori manually, should be 
identified similar vocabularies between the different ontologies 
exported. This is an important step because it represents 
exactly the links between sources. 

STEP 4: Populate the ontology exported, wiping data with 
conflicting values. 

V. RESULTS 

With the development of this case study, where it joined 
two distinct data sources, an official source of dengue 
notification in the Fortaleza city, and another data source, 
considered unofficial, from shared information on Twitter, the 
LARIISA offers to the Health Manager more complete 
information about the situation of dengue fever in the city. 

As the Observatorio da Dengue project has 85% reliability, 
this LARIISA application enables the Manager to identify in 
real time the number of outbreaks. 

The interface of access to information is still available in 
the form of a SPARQL endpoint, but can easily be developed a 
more intuitive interface, with the approach of maps, for 
example. 

                                                           
4  Monitoring system of aggravations of dengue developed by technicians of the cell for the epidemiological 

surveillance of Fortaleza Municipal Health Secretariat - http://tc1.sms.fortaleza.ce.gov.br/simda 

From the construction of this case study, we use it as a 
model for the development of new applications LARIISA built 
from the integration of different data sources, whether these 
sources are already triplificadas or in the relational form. With 
the use of this template, we can standardize the creation of new 
applications LARIISA, as shown in Figure 2. Figure 2 explains 
the LARIISA as being the sum of his core more applications 
that will be developed for the platform. 

 
Fig. 2. Development of applications with integrated data for LARIISA 

VI.  CONCLUSION 

This article presented a data integration model for an 
intelligent system of health, the LARIISA platform. The model 
was built from the development of a case study. The case study 
dealt with an application LARIISA whose goal is to present the 
situation of the aggravations of dengue in the Fortaleza city, 
relying on data integration of SIMDA and Dengue 
Observatory, getting a most accurate information about the 
outbreaks of dengue fever. 

With the development of LARIISA applications that 
integrate data sources related to the domains of intelligence 
needed for a health Manager take their decisions, as postulated 
by [4], the LARIISA can have access to all this data, 
performing thus the inferences in health as expected. 
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