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Abstract— Integration of the huge data from various heterogeneous structured, semi-structured and unstructured sources in a Business 

Intelligence (BI) system is quite complex and tasking especially when done manually. Enhanced and automated design of data integration 

process in Business Intelligence (BI) is therefore necessary. The paper reviewed some data integration techniques for BI process with the 

aim of determining which would be better in the implementation for the design of BI system. The objective is to ensure reliable, scalable, 

real-time and efficiency in the delivery of a more accurate and actionable evidence-based decision making for management usage. And 

from the reviewed literature, the hybrid of any two or more data integration techniques such as ontology-based data integration (OBDI) and 

virtual data integration (VDI), proved to be of more benefit as it resolved most of the weakness in either of the data integration techniques. 

The comparison of the data integration techniques and their application (it was deduced) showed that a hybrid model yielded an enhanced 

data integration process for Business Intelligence system.  

Index Terms—Data Integration, Data warehouse, OBDI, OLAP, Wrappers, VDI   

——————————      —————————— 

1 INTRODUCTION                                                                      
Business Intelligence (BI) is considered as the set of strategies, 
processes, applications, data, products, technologies and tech-
nical architectures which are used to support the collection, 
analysis, presentation and dissemination of business infor-
mation [1]. 
Today a large amount of data presently termed big data is 
generated every day, thus making data integration (DI), stor-
age and processing extremely challenging, for organization to 
analyze and utilize for competitive advantage. 
Business Intelligence (BI) as a concept and technology has sig-
nificant potential in transferring data from distributed and 
heterogeneous sources into an integrated enterprise view for 
supporting organizational decision making, management and 
strategic planning. As a knowledge management tool, it has 
direct impact on business performance of an enterprise [2]. 
The main purpose of Business Intelligence (BI) is to enable 
interactive and easy access to diverse data, enable manipula-
tion, transformation and transportation of these data, and 
provide business managers and analysts the ability to conduct 
appropriate analyses and perform actions. 
The process takes cyclical nature and includes stages of infor-
mation needs, definition, information collection, information 
processing, analysis, information dissemination, information 
utilization and feedback. The cycle of the received feedback 
helps to re-evaluate or re-define information needs. In Busi-
ness Intelligence (BI) process, there is usually no clear concen-
tration on a specific topic or problem. The resources of a BI 
system are used for constant monitoring of internal and exter-
nal business environment. 
In order words, the systems serve common information needs 
of keeping users informed about the state of business envi-
ronment, often combing a monitoring function with alerts, 

exception reports and other tools to draw attention to changes 
or inconsistencies. Therefore, an important feature of Business 
Intelligence (BI) system is their ability to produce a complete 
composite view that would assist in avoiding surprises [3]. 
Fig. 1 shows the generic Business Intelligence process model. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: A Generic Business Intelligence Process Model 
(Source: [3]) 
 
The data integration (DI) and transformation layer include 
processes for transforming data from operational and external 
sources into a form suitable for database storage. It is termed 
Extract Transform Load (ETL) or Extract Load Transform 
(ELT) processes. This is because data integration (DI) is a vital 
process feature in all Business Intelligence (BI) system. Ladjel, 
et al (2003) had noted that a Business Intelligence (BI) system 
is a technique that can consistently bring about conflict resolu-
tion, intelligence, adaptive and automatic data integration (DI) 
model it can also increase speed of processing and reduction 
in cost of business. Data integration process as a heterogene-
ous data from different sources (and is user-friendly) would be 
of high demand by business decision makers as it would help 
them to be ahead of their competitors, and plan their budget 
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in the right direction.  
The concept of data integration (DI) is becoming more relevant 
while the magnitude of available data sources increases steadi-
ly while data creation is occurring at a record rate. Files of da-
ta are useless to businesses if there is no good way to retrieve, 
observe, and interact with that data, in order to generate tan-
gible information and practical knowledge.  A strong, vital, 
and reliable data integration strategy can help companies to 
harness information coming in from every direction and use it 
to support their business goals.  In fact, Mathijs (2016) had 
observed that the advent of micro-service architecture, has 
made data integration (DI) gain a renewed wave of attention. 
Traditional data warehouse (DW) forms yet another data silo 
in organization, which leads to slow degradation of the data 
warehouse (DW) benefits of providing optimized integrated 
data delivery. But with the integration of data becoming im-
portant in many areas, it would provide decision makers and 
analysts’ uniform access to ‘distributed and heterogeneous’ 
sources of data such as Relational Databases, XML Docu-
ments, and Semantics Databases [4]. 
Furthermore, data integrators need to have a global overview 
of all the resources spread over the source system, as experts 
need to be involved and consulted every time a change is in-
troduced in a source system. All these create bottleneck in the 
development of the systems. Therefore, new ways of integrat-
ing data sources are required, since traditional ways of inte-
grating simply required too much modeling, maintenance and 
coordination among the owners of data sources [5]. 
Furthermore, Business Intelligence systems should closely 
correspond to business objectives of enterprises. Therefore, the 
most important motives that support implementation of Busi-
ness Intelligence systems in enterprises may include the fol-
lowing as noted by Celina and Ewa [6] to include: 

1. Transitioning from instinct and intuition decision 

making to objectivism that is based on the analysis of 

facts, indexes, balanced score cards, managerial cock-

pits, and so on. 

2. Forecasting enterprise development along with cus-

tomers’ and suppliers’ behaviour. 

3. Matching operational activities with realisation of 

strategic objectives (measuring development in the 

realisation of strategies, monitoring of business pro-

cess effectiveness, matching budgets and investments 

with corporate strategies); 

4. Implementing standards that are used as the basis for 

repetitive, regular and cyclical business processes 

within organisations. 

5. Unifying informational transfers in order to make 

them more transparent and unifying roles of individ-

uals who participate in decision making processes. 

6. Rapid detecting of information that deviates from 

commonly accepted standards and procedures and 

that suggests some possibilities that new threats will 

emerge (dishonest customers, inflated material or en-

ergy usage, etc.) 

7. Reducing time that is necessary to analyse infor-

mation, and decreasing a number of participants who 

are involved in analysing and processing of infor-

mation. 

8. Automatic and rapid reporting and preparing of 

plans and forecasts. 

Hence, data integration is a fundamental, yet deceptively 

challenging, component of any organization’s Business Intelli-

gence (BI) and data warehouse (DW) strategy. Existing data 

integration methodologies do not assure quality of data there-

by making it difficult to access. The paper tried to review 

some data integration (DI) approach in resolving the issue of 

quality of data and its accessibility in Business Intelligence 

(BI). 
 

2 METHODOLOGY 

Olga and John [7] had opined that every term must be identi-
fied by its name, definition, its use, the time-frame and do-
main of validity and various rules associated with it. Here 
under, we have the main modalities of data integration as well 
as its conceptual model as depicted in fig. 2. 
1. Data means ‘what is given’ and refers to what we can 
perceive experience or register with our senses or devices. 
2. Concept represents an abstract idea generalized from 
particular instances. 
3. Model is a set of concepts with defined relationships.  
4. Information is created when data are interpreted 
based on a set of concepts. 
5. Informational value of data is defined by the ability of 
data to provide us with useful and  reliable information 
for our decisions and actions. 
6. Data source is a database, a website, a publication, or 
any other collection of data, which  is constructed upon 
a set of concepts and models. 
7. Data element (DE) is an atomic unit of data collection 
that is unambiguously defined in the controlled vocabulary of 
a project. A collection of Data Elements defines a structure of a 
data set. 
8. Authoritative source contains the most reliable values 
for a specific Data Element. 
9. Data set is a collection of data that is produced from 
the data source at a moment in time based on a defined struc-
ture and a set of rules. 
10. Data value is a specific value of a Data Element. ‘‘A 
body temperature of 101℉’’ employs Data Element ‘‘body 
temperature’’ measured in Fahrenheit and its value ‘‘101’’. 
11. Data pool is a collection of all data sets gathered for 
co-processing. 
12. Data transformation is any action performed on data 
which can be simple selecting all Data Elements (SELECT *) or 
any combination of sophisticated statistical and analytical op-
erations. 
13. Project is a temporary endeavour undertaken to cre-
ate a unique product, service, or result. 
 
    
 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 10, Issue 9, September-2019                                                                                               1681 

ISSN 2229-5518  

 

IJSER © 2019 

http://www.ijser.org  

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
Fig. 2: Illustration of Main Modalities of Data Integration    
(Source: [7]) 
 
Integration is pursued in one of two ways; the first way is 
when an exact question is known, and an answer and data to 
the answer is available. The aim here is at finding reliable 
sources and pulling the needed fields into a database designed 
for the purpose. The second way is aimed at understanding 
the power of data at large when a number of data sources of 
varying reliability are available. In both approaches, analyzing 
of the same data with various methods and techniques and 
then positive results should be presented according to re-
quirements of various user groups. 
The layers at which integration occurs are Data Sources, Data 
Elements (DEs), Data Sets and Data values. The integration 
that occurs in these layers include; integration of concepts, 
models, controlled vocabularies, and methods of data acquisi-
tion, frequencies of updates, as well as units and formats of 
records. The most crucial part of the integration is choosing 
the integration keys. The models of data integration include 
federated databases, data warehouse, mediation, materialized, 
virtual, peer to peer and ontology-based data integration 
among others.  
In the virtual data integration approach, the sources contain 
the real data and one or several virtual view(s) contain recon-
ciled integrated schemas over these sources. The autonomous 
and heterogeneous data sources are queried by these homoge-
neous views. For this purpose, the system needs mappings 
that describe the relationships and semantic dependencies 
between integrated and source schemas. This method is char-
acterised by approaches such as mediation, peer-to-peer, on-
tology-based, etc. 
Ontology-based data integration has been frequently used in 
the Semantic Web. It is a form of virtual approach data inte-
gration. It is an approach used to obtain an automated access 
to the information contained in various sources. The infor-
mation items are described by means of metadata provided by 
ontology. While there are many definitions for ontology in 
different categories, in the context of data integration, it is con-
sidered as a formal description of a domain of interest intend-
ed for sharing among different applications. In other words, 
ontology describes the semantics of the data in order to pro-

vide a uniform way to make different parts understand each 
other. One of the first projects in which a mediation system 
has been developed using ontology is InfoSleuth.  More so, an 
ontology-based data integration system is a system that pro-
vides a conceptual view on top of pre-existing information 
sources. Here, ontology is used for the identification and asso-
ciation of semantically corresponding information concepts of 
data sources [8]. 

4 SYSTEM DESIGN AND IMPLEMENTATION 

The goal of a data integration system is to develop a homoge-
neous interface for end users to query several heterogeneous 
and autonomous sources. Building such a homogeneous inter-
face raises many challenges among which are the heterogenei-
ty of data sources, the fragmentation of data, the processing 
and optimization of queries which appear to be the most im-
portant. The heterogeneity of the sources can be present at 
different levels such as hardware system, database manage-
ment system (DBMS), data language or query language. It can 
also be present at a semantic level. The schemas of sources can 
be heterogeneous. 
Data integration is a fundamental, yet deceptively challenging, 
component of any organization’s business intelligence and 
data warehousing strategy.  Data integration involves combin-
ing data residing in different data repositories and providing 
business users with a unified view of this data.  In addition, 
companies face a challenge of ensuring that data being report-
ed is current and up-to-date. The following are the compo-
nents of any data integration system as devised by Helena and 
Paulo [9] to enable us fully understand how the system works; 
Data sources, Mediated schema, Source description, Semantic 
mappings, Wrappers, Reformation, Plan generator, and Exe-
cution engine.  
There are two basic design approaches to data integration 
challenges, termed Procedural and Declarative.  

 In the procedural approach, data are integrated in an 
ad-hoc manner with respect to a set of pre-defined in-
formation needs. Here the basic issue is to design 
suitable software modules that access the sources in 
order to fulfill the pre-defined information require-
ments. Most data integration project (virtual and ma-
terialized), such as TSIMMIS (The Stanford-IBM 
Manager of Multiple Information Sources), SQUIR-
REL, and WHIPs follow this idea. They do not require 
an explicit notion of integrated data schema, but rely 
on two kinds of software components; wrappers that 
encapsulate sources, converting the underlying data 
objects to a common data model, and mediators 
which obtain information from one or more wrappers 
or other mediators, refines the information by inte-
grating and resolving conflicts among the pieces of in-
formation from the different sources and provide the 
resulting information either to the user or to other 
mediators. The main idea here is to have one media-
tor for every query pattern required by the user. And 
generally, there is no constraint on the consistency of 
the results of different mediators. 

 The declarative approach provides a crucial ad-
vantage over the procedural one, despite the fact that 
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building a unified representation may be costly, it 
does allow for maintaining of consistent global view 
of the information sources, which represents a reusa-
ble component of the information integration systems 
[10]. 

The following technologies and/or techniques can be applied 
in resolving the main data integration (DI) approach challeng-
es (Procedural and Declarative); 

a. Resource Description Framework (RDF): This is used 
for integrated schema description as well as provid-
ing a unified view of data. It has a well-defined syn-
tax and data type and it has reasonable processing 
complexity. 

b. Description Logic (DL): This is used to find any con-
tradiction in the integrated schema (satisfactory of 
concepts in DL terms). It has well-defined semantics 
and decidable routines for basic services satisfactory, 
which makes it suitable for knowledge representation 
and reasoning in this domain. An example is the web 
ontology language (OWL). 

c. Resource Description Query Language (RDQL): This 
is used for reformation of queries. It is a query lan-
guage for RDF and it provides a data-oriented query 
model. 

It is noted that every data integration system are built with the 
aim of building an integrated view of the data defined in vari-
ous sources and develop a mechanism for data extraction from 
it.  
Hence, design methodology for an integration process consists 
of four steps;  

 Pre-integration: This has to do with analyzing sche-
mas before integration to determine the integration 
technique, order of integration and to collect addi-
tional information. 

 Schema Comparison: Here concepts are compared; 
conflicts and schemas properties are searched for. 

 Conforming Schemas: This Solves schema conflicts.  
 Merging and Restructuring: This merges and restruc-

tures the schemas so that they conform to certain cri-
teria. 

Again, application of data integration design layers in Busi-
ness Intelligence (BI) implies considering whether data needs 
to be physically moved or whether a virtual or “in-place” ap-
proach to accessing and aggregating data makes more sense. 
Primary DI layers include: 

1. Data Integration and storage layer 
2. Data Analysis Layer 
3. A reporting Layer 
4. Administration Layer 

Thomas Jorg [11] had opined that integration systems are 
aimed at resolving heterogeneity and data quality problems 
thereby providing a single-system image to users. The funda-
mental data integration (DI) approaches are Virtual and Mate-
rialized (Data warehouse) integration.  
 
 
 
 
    

  
 
 
 
 
 
 

 
 
 

 
 
 
Fig. 3a: Materialized Data Integration (Source: [11]) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3b: Virtual Data Integration     (Source: [11]) 
 
The main difference between materialized and virtual data 
integration (MDI and VDI) as shown in fig. 3a and b, has to do 
with the place where data to be integrated is stored. And for 
materialized data integration (MDI), source data (data ware-
house–DW) is copied to a central repository. But for the virtu-
al data integration (VDI), all data remains in the source sys-
tems which provides for real-time as up-to-date data is always 
retrieved for querying purpose. Figure 3.0a and 3.0b is a high 
level abstraction diagram. It indicates that the solid lines and 
arrows depict the flow of data, while dashed lines and arrows 
depict the flow of queries. 
In the materialized data integration (MDI), data is continuous-
ly moved from the sources to the integration system. And data 
movement is performed either periodically in an asynchro-
nous manner or triggered by updates at the source systems. 
More so, query evaluation is done locally at the integration 
system and does not require any interaction with the sources. 
In contrast, virtual data integration (VDI) systems do not store 
data centrally but provide an integrated view of source data. 
In the evaluation of user's query, the integration system identi-
fies query fragments that involve the particular source. These 
query fragments are sent to the respective source systems and 
processed locally. Next, the fragment query results are sent 
back to the integration system where the overall query result 
is then assembled. With this explanation, it therefore implies 
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that materialized data integration (MDI) is continuously per-
formed in the background, while virtual data integration 
(VDI) is performed on the fly at the time of query evaluation.  
Furthermore, the typical architecture of an integration system 
is described in terms of two types of modules; wrappers and 
mediators. Wrapper’s aim is to access a source, extract the rel-
evant data, and present such data in a specified format. While 
mediator’s aim is to collect wrappers (or mediators) so as to 
meet specific information (data) need of the integration sys-
tem. The core problem in the design of an integration system 
as observed by Diego, et al, [12] is the specification and reali-
zation of mediators. Figure 3.0c shows the architecture of data 
integration (DI).  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3c: Architecture for Data Integration  (Source: [12]) 

4 DISCUSSION 

Business Intelligence allows an organization to gain a better 
understanding of their clients, the market, supply, as well as 
competitors in order to make smart business decisions. The 
best integration solution is the combination of virtual and 
physical approaches. 

Data integration (DI) is an essential process for Business In-
telligence (BI) application. Traditional BI approach physically 
moves data from original data sources to specialized target 
data stores after going through data cleansing, transformation 
and de-normalization. Ladjel, et al, [4], had noted that the pro-
cess is termed Extract Transform Load (ETL) or Extract Load 
Transform (ELT). In other words, it is either the data is trans-
formed before loading to the data warehouse (DW) or is load-
ed before transformation. The following are the roles of data 
integration (DI) in Business Intelligence (BI) as opined by Ni-
tika, et al, [13]; 

 It provides a consistent single version of the truth 
coming from multiple heterogeneous sources of data. 

 It resolves the issue of data related problem and extra 
cost to reconciliation of data. 

 It is needed to feed BI application, as its efforts are 
worth the efforts by meeting the needs of business 
people in time and at low cost. 

 It is the centralization of authority and governance 
over the integrated systems.  

 Data Integrators need to have a global overview of all 

the resources spread over the source systems.  
 Experts need to be involved and consulted every time 

a change is introduced in source system. This creates 
bottlenecks in the development of these systems. 

 The traditional ways of integration involves too much 
modeling, maintenance and coordination among the 
owners of the data sources. 

Again, owners of data sources need to be able to collaborate 
without any central authority or global standardization. This 
implies challenges like scheme matching will need to be tack-
led in a much more parallelizable and scalable way, since the 
ability to scale up to more sources requires redesign architec-
tures to exploit the power of large clusters. Therefore, the pa-
per is of the view that it would be better to combine or hybrid-
ize the virtual and/or materialized approach to data integra-
tion in a Business Intelligence data integration process in order 
to annex the features in both approaches for an enhanced 
Business Intelligence process which would in turn give rise to 
achieving better decision making for management in enter-
prises of any domain industry.  

5 CONCLUSION 

In concluding this review, we recall that Business Intelli-
gence (BI) is aimed at enabling business users to easily access 
and analyzes relevant enterprise information so that they can 
make timely and fact-based decisions. The major issue today is 
that crucial information is scattered throughout the separately 
developed data sources, in a way that makes the big picture is 
difficult to obtain. Data integration process in Business Intelli-
gence system as noted by Munmun and Nashreen [14] pre-
sents a unified virtual view of all these scattered data within a 
domain, allowing users to pose queries across the complete 
integrated schema as if they are interacting with a single data 
source. The integration of different sources of information is a 
crucial necessity today. Hence, Enterprises, Ecommerce, Bioin-
formatics, the Semantic Web and many other sectors in our 
business environments cannot continue to exist without inte-
grating their information. Shokoh [8] had observed that differ-
ent challenges exist and several technologies have been pro-
posed to integrate and manage heterogeneous sources in a 
homogeneous way. Therefore, this paper has been able to re-
view the data integration process of Business Intelligence and 
proposed that a hybrid model would be a better approach in 
order to be able to harness the benefits of the main approaches 
to Data Integration (Materialized and Virtual mediation) as 
well as ontology-based and virtualization, which can assist 
management of business organizations and the experts, in 
making intelligent, reliable, scalable and efficient decisions in 
the domain sector it is applied. 
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