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Abstract

Big Data Integration (BDI) process integrates the big data arising from many diverse
data sources, data formats presents a unified, valuable, customized, holistic view of
data. BDI process is essential to build confidence, facilitate high-quality insights and
trends for intelligent decision making in organizations. Integration of big dataisa
very complex process with many challenges. The data sources for BDI are traditional
data warehouses, social networks, Internet of Things (IoT) and online transactions.
BDI solutions are deployed on Master Data Management (MDM) systems to support
collecting, aggregating and delivering reliable information across the organization.

This chapter has conducted an exhaustive review of BDI literature and classified

BDI applications based on their domain. The methods, applications, advantages and
disadvantage of the research in each paper are tabulated. Taxonomy of concepts, table
of acronyms and the organization of the chapter are presented. The number of papers
reviewed industry-wise is depicted as a pie chart. A comparative analysis of curated
survey papers with specific parameters to discover the research gaps were also tabu-
lated. The research issues, implementation challenges and future trends are highlighted.
A case study of BDI solutions implemented in various organizations was also discussed.
This chapter concludes with a holistic view of BDI concepts and solutions implemented
in organizations.

Keywords: master data management (MDM), internet of things (IoT),
business intelligence (BI), software as a service (SAAS), machine learning (ML),
artificial intelligence (AI)

1. Introduction

Accenture company has conducted a survey on the implementation of BDI
solutions in organizations. The survey outcome revealed that 92% of managers are
happy with the results obtained from BDI solutions and 89% of managers agree
that big data integration and analytics is very vital for their business planning to
leverage competition. The Internet Trends Report from KPCB’s by Mary Meeker dis-
covered the decreasing trends in the cost of hardware technology in the past twenty
years, the cost of computing has been reduced by 33%, 38% storage cost reduction
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and 27% bandwidth costs reduction year after year. The major challenges faced in
BDI processing are data selection, gathering, storing, communication, searching,
visualization, ensuring privacy, and security of data.

The efficiency in handling big data drives effective decision making. The
advancement in computing infrastructures, algorithms and innovative technolo-
gies have boosted the big data management and analytics domain and reduced the
investment costs to deliver the best value for businesses.

1.1 Motivation and significance of BDI study

The business experts have agreed that big data would mean big value. The digital
transformation of business operations is enhancing customer experience and reduc-
ing costs. Consumers would like to access personalized data and carry out business on
the go. Online processing of bigdata using analytical platforms in the organizations
can make the information accurate, standardized, and actionable. Acquiring insights
from big data leverage the companies to make more informed business decisions with
improved efficiency, and to design more BDI applications. The revolution in comput-
ing and digitalization has also increased the potential of cyber-attacks. The cyber
threats by hackers are ever increasing and becoming more and more complex day by
day. ML and DL techniques have been significantly applied to design intelligent and
secure BDI solutions for automating business processes. ML projects are receiving the
maximum funding since 2019, compared to all other Al projects combined. Walmart
corporation has implemented BDI solutions for acquiring business intelligence and
taking real-time business decisions. Many leading fast-food based companies such
as McDonald’s, KFC, Pizzahut are using BDI solutions for designing their marketing
strategies to discover the hanging business trends. The Casinos are also utilizing the
BDI solutions to enhance their revenues in the recent years and to attract and inspire
customers for regular visits. The hotel industry uses BDI applications to predict cus-
tomer behavior, food habits and demands. Tourists today are also using digital solu-
tions to collect information on all issues related to tourism. BDI has been applied in the
healthcare industry for rendering quality healthcare services, decreasing the wastage
of money and time. The governments are using BDI for developing smart city public
services. BDI has empowered e-commerce industries such as Amazon, Flipkart, etc.
by providing data insights and analytical reports. The integration of AI, BDI and
visualization tools helped meteorologists to predict weather conditions precisely. BDI
solutions have been applied successfully in modern agriculture. BDI solutions have
also empowered digital marketing for the success of every business. The above facts
and applications have motivated the researchers to study the BDI in detail.

1.2 International market potential

According to global forecasts BDI solutions market size is estimated to reach
US$ 12.24 billion by 2022 at a Compound Annual Growth Rate (CAGR) of 13.7%.
The market survey by Dresner Advisory Assc. in the year 2020 has revealed that
80% of organizations are considering BDI solutions as critical for decision-making
activities and 60% of them prefer to deploy BDI solutions on cloud platforms.
International Data Corporation (IDC) has predicted that the global data-sphere
would be about 175 zettabytes by 2025. IDC has estimated that several billion IoT
devices and embedded systems would generate, gather, communicate a wealth
of IoT data and carryout analytics every day throughout the world. IDC has also
predicted that by 2025 about six billion customers or 75% of the global population
would be communicated by using online and real-time data every day. The share of
real-time data would be about 30% in global data as estimated by IDC.
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1.3 Overview of BDI technologies
1.3.1 BDI process types

BDI is the process of consolidating data from multiple applications and creating
a unified view of data assets. BDI is the main component of various mission-critical
data management projects, such as building an enterprise data warehouse, migrat-
ing data from one or multiple databases to another, and synchronizing data among
applications. BDI directs at furnishing an integrated and consistent view of data
coming from external and internal data sources.

1.3.1.1 Data consolidation

Big data consolidation is the process of consolidating or integrating data from
various data sources to make a centralized data store or repository. This is an amal-
gamated data store used for diverse purposes, such as data analysis and reporting. It
can also execute for downstream applications as a data source.

1.3.1.2 Data federation

A Data Federation is a data integration technique. Data federation is used to
integrate the data and simplify the approach for consuming by the users and front-
end applications. In data federation, distributed data with various data models are
combined into a unified data model that features a virtual database.

1.3.1.3 Data propagation

It is another technique for data integration. Data would be propagated
from an enterprise data warehouse to different data marts after the needed
transformations.

1.3.2 BDI technologies
1.3.2.1 Extract, transform, load (ETL)

ETL is the best-known data integration technology. ETL is a process of data
integration that includes extraction of data from a source system and it’s loading
after transformation to a target destination.

1.3.2.2 Enterprise information integration (EII)

This data integration technology is used to deliver curated data-sets on an on-
demand basis. EII is a technology that admits developers and business users alike to
treat a range of data sources as if they were one database and represent the incom-
ing data in novel ways.

1.3.2.3 Enterprise data replication (EDR)

EDR is a real-time data consolidation method that includes moving data from
one storage system to another. In its simplest form, having the same schema, EDR
involves shifting a data-set from one database to another database.
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1.3.3 Bigdata integration platforms
1.3.3.1 Adeptia connect

Enterprise BDI tools provided by Adeptia may be utilized by other than techni-
cal business users. Adeptia Connect has an easy user interface to coordinate with
all data interfaces and external connections. It also involves a no-code approach
and self-service partner onboarding that allows partners and users to view, set
up and coordinate data connections. The platform brags a suite of Cloud Services
Integration and pre-built connections along with protocol support and B2B
standards.

1.3.3.2 Alooma platform

Alooma provides a data pipeline service that combines with prevalent data
sources. The Alooma platform contains security from end-to-end level, which
ascertains that every event is securely moved to a data warehouse (HIPAA, SOC2,
and EU-US Privacy Shield certified). The solution reacts to the changes in data in
real-time to ascertain that no such events have vanished. Users can select to carry
out changes automatically or get notified and do on-demand changes. This tool also
automatically reduces the data volume to make control customizable.

1.3.3.3 Boomi AtomSphere

It is a Dell Technologies company’s Boomi’s flagship product. AtomSphere
supports an integration process between cloud platforms, software-as-a-service
applications, and on-prem systems. The visual interface is used by AtomSphere
is used to configure application integrations. Wherever it is needed, the solu-
tion’s runtime tool, Boomi Atom, allows integrations to be deployed. Based on
use case and functionality, the AtomSphere platform is also available in various
editions.

1.3.3.4 Integrator.io

Celigo company provides an Integration Platform called Integrator.io as a ser-
vice product. The solution enables organizations to synchronize the data, connect
applications, and automate processes. Celigo bundles an integration wizard that
involves visual field mapping interface, an API assistant, and drop-down menus.
This tool also provides integration templates which are reusable pre-configured
on the integrator.io marketplace, permitting users to have their library of reus-
able, standalone flows.

1.3.3.5 Cleo Integration Cloud

The Cleo Integration Cloud accords organizations to connect to SaaS applica-
tions and enterprises with a range of connectors and APIs. This tool automatically
accepts, transforms, orchestrates, connects and integrates all B2B data types
from any source and to any target, and can be implemented via several different
methods. Cleo Integration Cloud can also be engrafted for Information Services
organizations or SaaS and can be used as an administered service to divest complex
integrations to the vendor’s experts.
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1.3.3.6 Denodo Platform

The Denodo Platform provides data virtualization for integrating multi-struc-
tured sources of data from database management systems, a wide variety of other
big data, cloud, documents, and enterprise sources. Connectivity support involves
legacy data, flat files, relational databases, packed applications, CML, and emerging
data types including Hadoop. The only data virtualization solution, Denodo, is to be
represented as a virtual image on AWS Marketplace of Amazon.

1.3.3.7 Diyotta data integration suite

A unified data integration platform, Diyotta, that combines with data ware-
housing environments and modern data lake. The native processing capabilities
and drag-and-drop user interface to build this product. Diyotta enables faster data
movement, shorter development times, and reusability all over the enterprise to
simplify future development. Diyotta touts the industry’s first data integration
software to leverage modern data processing platforms like Snowflake, Google
BigQuery, Hadoop, and Amazon Redshift.

1.3.3.8 IBM products - InfoSphere information server

IBM provides several distinct data integration tools in both cloud and on-prem
deployments, and for every enterprise use case virtually. Its on-prem data integra-
tion suite has tools for modern data integration synchronization, data virtualiza-
tion) and traditional (replication and batch processing) requirements.

IBM also provides a range of connectors and pre-built functions. The mega-
vendors cloud integration product is considered as one of the most excellent in the
marketplace.

1.3.3.9 Informatica products - an intelligent data platform

Informatica’s data integration tools portfolio covers both cloud deployments
and on-prem for several enterprise use cases. The vendor integrates governance
functionality and advanced hybrid integration with self-service business access for
different analytical functions. Augmented integration is possible via a metadata-
driven AI engine, and Informatica’s CLAIRE Engine, that enforces machine learn-
ing. Informatica touts interoperability in strong in nature.

1.3.3.10 Microsoft Products - SQL Server Integration Services (SSIS).

The company’s SQL Server Integration Services (SSIS), traditional integra-
tion tools, is integrated inside the SQL Server DBMS platform. Microsoft also
promotes two cloud SaaS products: Microsoft Flow and Azure Logic Apps. Flow
is adhoc integrator-centric and integrated into the overarching Azure Logic Apps
solution.

1.3.3.11 Oracle products - data integration cloud service

Oracle provides a full spectrum of data integration tools for modern ones
as well as conventional use cases, in both cloud and on-prem deployments.
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The company’s product portfolio includes services and technologies that permit
organizations for data enrichment and full lifecycle data movement. Oracle data
integration allows permanent and uninterrupted access to data across hetero-
geneous systems via transformation, bidirectional replication, bulk data move-
ment, data services, metadata management, and data quality for product and
customer domains.

1.3.3.12 SAP products - data services

SAP provisions clouds and on-prem integration functionality by two primary
channels. Traditional capabilities are provided through a data management
platform, SAP Data Services, that gives capabilities for data cleansing, integra-
tion, and quality. SAP Cloud Platform provides Integration Platform as a Service
features are existing in it. Integration of processes and data between cloud apps,
third-party applications, and on-prem solutions are arranged through SAP’s
Cloud Platform.

1.4 Organization of the chapter

This chapter has been framed into seven sections. Section 1 explains the
introduction, sub section 1.1 discusses the motivation and significance of the
study. Sub section. 1.2 shows international market potential and 1.3 presents an
overview of big data technologies and taxonomy. Sub section 1.4 Organization
of the chapter, 1.5 summarizes the authors’ research contribution. 1.6 Illustrates
the list of acronyms used. The review of recent literature is described in Section
2. Section 2 is further divided into four subsections. 2.1 subsection describes
the papers reviewed from one technology domain. The highlights and findings
from each paper are tabulated. Sub section 2.2 deals with a comparative analysis
of survey papers with specific parameters. Section 3 shows the architecture of
BDI. 4th section deals with the research issues, challenges. Section 5. Presents
the case studies of BDI solutions from various organizations. Section 6.
Outlines the findings and conclusion. Section 7 is the references of the papers
reviewed.

1.5 Research contribution

1. This study has revealed that various technologies, systems, techniques,
algorithms are applied for implementing business intelligence systems across
the world. These papers have been further classified technology-wise and
presented as a pie chart in Figure 1.

2. A table of acronyms is presented in Table 1

3.Figure 2 presents taxonomy of concepts applied in BDI techniques in various
applications

4.The overview of the organization of this chapter, section-wise is shown
Figure 3.

5.In each concept of taxonomy, the existing literature has been mapped to
several issues as shown in Figure 4.
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6. Research issues, challenges and future directions of BDI technologies are
discussed

7. A case study of five BDI based solutions implemented healthcare, retail,
finance and tourism domains are discussed

8.The set of a curated survey papers are compared with specific factors such as
architecture, open issues and challenges, applications, taxonomy and security
to understand the scope of coverage each paper and to understand the research
gaps Tables 2 and 3

1.5.1 Table of acronyms

This section shows a list of all the acronyms used in this chapter for easy refer-
ence is presented Table 1.

Denodo
Sap Data Adeptia
Services Connect
Orade sk Alooma
h;‘s'ml Platform
BDI
SQL Server s
megaicn | Platforms [ somspne
Informatica
ntelligen o
. tD e . Integrtor.io
Platfroms 1emM Cleo
Infosphere S O
Figure 1.
Bigdata integration platforms.
Acronym Description Acronym Description
Al Artificial Intelligence BDI Big Data Integration
AWS Amazon Web Services AIG American International Group
B2B Business to Business CAGR Compound Annual Growth Rate
CCTV Closed Circuit TV ETL Extract, Transform, Load
EII Enterprise Information EDR Enterprise Data
Integration Replication
HIPAA Health Insurance Portability and ICT Information and
Accountability Act Communication
Technology
IoT Internet of Things MDM Master Data Management
IoMT Internet of Medical Things
SOC2 Service organization control is an API Application Programming
auditing procedure Interface

Table 1.
List of acronyms used in this chapter.
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g Data Federation

*Extract
* Transform
* Load

sEnterprise
sInformation
* Integration

+Enterprise
*Data
*Replication

Figure 2.
Taxonomy of big data concepts.

( Section -1 Introduction
Significance of study | International Market | | Overview of Technologies
Chapter | | I and
Sacdon . s Raaniarl
| Sector-wise Review | | Comparative Analysis | | Review Summary |
&
Section - 3 BDI Eco-System Architecture
| Data Sources | | Operations. | | Virtual | I I
( Section - 4 Research Issues. Challenges and Trends
l Issues | I Challenges | | Future Trends |
< 4
Section-5 Case Studies
R I I | e i
[ Section-6 Conclusion ]
[ References ]

Figure 3.
Organization of the chapter.
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Research f 13%
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Figure 4.
Sector-wise reviewed papers.
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Ref. No. Methods Used Results Applications

1 Interviewing of experts The principal problems identified Data fusion solutions
and content analysis during the study are the hardship of for public sector
approach was used asa administration, the ineffectiveness
qualitative technique for of human resource, politics,
data gathering. standards and absence of executives

2 Comparisons, The decorum status of high Talent refinement of
experiments and recognition of positive viewpoint is college students
questionnaires around 65%. Negative perspective

has an absence of etiquette
knowledge accounted for 56%

3 Semantic data model, Semantic extract transform Innovative Big data
Resource description load system produces semantic applications in fuel
system, SPARQL, information that would possibly be economy, household
semantic query language distributed on the web as Web of transportation and

data. vehicles

4 Exploration of BDI based Big data problems are resolved by Open cross-domain
on stage, features and appropriate BDI methods. Big data
semantic meaning

5 A study on analysis of A set of open research questions Labor agency, Online
industrial needs and such as scalability of data required in gambling operations,
potential applications of real-time applications Public Safety, and
BDI in the public sector Predictive policing

Table 2.
Public sector review summary.
Ref. No. Methods Used Results Applications
6 Review of literature on BDI, It is possible to integrate Small and
Business Intelligence and Cloud technologies to the need of SMEs Medium-sized
Computing organizations
7 Developing a deployable data Shortage of machine learning Scalable data
integration tool that handles examples, the requirement of integration
technical issues. clarifying business owners’ challenges in
outcomes and the expense of the enterprise
involving domain experts.
8 The amalgamation of diverse A prototype of a data integration E-Commerce
sources in the Hadoop environment system Domain
with HDFS. Spark computation
model with a Hive database asa
distributed data warehouse

9 A study on data collection, BDI implementation in business Performance
analytics implementation, and organizations improves business improvement
benefits of BDI performance in business

organization
10 Randomly selected articles on big As per the study, 63% of business Decision
data are reviewed to analyze the reported that the implementation making in
role of big data in business of big data is useful to business business
Table 3.

Business sector review summary.

2. Review of recent literature

Authors have selected papers from highly reputed research journals from
IEEE, Elsevier, Science Direct and Springer publications. About fifty-five papers
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covering big data integration concepts and applications are reviewed. This section
presents the findings and highlights from each reviewed paper which are orga-
nized domain-wise.

2.1 Review of the public sector

Hasliza et al. analyzed the fundamental problems and difficulties encountered
by the BDI solutions in the public sector [1]. The discovery of the right dimen-
sions and factors are important to find the solutions to these problems. Zhang has
reported the BDI solutions for professional procedure amalgamation in modern
decorum [2]. The comparisons, experiments and questionnaires concerning the BDI
concepts are discussed. Bansal has proposed the use of semantic technologies for
the distribution of information in the contest of semantic ETL [3]. This information
is open and the data was gathered from various sources. Zheng et al. have presented
significant standards, classification of strategies and models of BDI process [4]. The
real BDI issues are discussed using these models.

Authors have classified BDI techniques based on different combinations of
strategies such as stage, feature and semantics. Munne has explained the techno-
logical trends for current social and economical status. This paper highlighted BDI
technologies and applications in the public sector [5]. Table 2 presents a summary
of the highlights of the papers reviewed the public sector.

2.2 Review from business sector literature

The study by Camargo et al. revealed the possibility of incorporating and
implementing BDI technologies to the needs of small and medium scale enterprises
[6]. Some companies are offering open source BDI tools for organizations for intel-
ligent business decision making. Stonebraker et al. discussed the difficulties in the
scalability of BDI solutions today and in near future [7]. This analysis was carried
out using the past five years’ data from large enterprises. The integration of data
from heterogeneous sources in a distributed environment was explored by Sazontev
etal. [8]. The authors have explained the process of BDI framework development
and its methodology. Alsghaier et al. discussed BDI process in Hadoop platform for
business organizations. Authors focused on the implementation and benefits of big
data analytics in business organizations [9].

Alam et al. have reviewed the role of BDI in the business sector [10]. Table 3
presents a summary of highlights from the business sector review.

2.3 Review of the finance sector

Fikri et al. presented a BDI approach combined with distributed datasets of
financial ontology and a real-time data stream [11]. This model was associated with
classic ETL. This model was suitable for handling BDI in real-time. Bucea-Manea-
Tonis illustrated the use of predictive logic in deductive frameworks to integrate
different sets of data types [12]. Chen et al. have proposed a framework for manag-
ing data with heterogeneity problems [13]. This unified data model was adaptable to
different data sources by setting up panoramic data. Hussain and Prieto discussed
the analysis of industrial needs, constraints and potential applications of BDI to
insurance and finance sectors [14]. Authors have mapped the requirements to
research queries. The paper by Avi and Kamaruddin reported the role of BDI in
insurance, finance and banking sectors [15]. Authors have highlighted the benefits
of cutting-edge technologies associated with BDI in the financial sector. Table 4
presents a summary of highlights from the finance sector review.
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Ref. No. Methods Used Results Applications
11 Combining distributed The data integration pipeline Data integration in real-
datasets of financial in real-time. The use of time, Financial reporting
ontology and real-time Apache Spark enhances short
stream time frames for quality and
availability reporting
12 Predicate logic in Integrates different kinds of data E-Commerce
deductive systems types applications
13 Integrating heterogeneous Better performance in Power dispatching and
data from multiple processing data integration from control system
sources, Big data ETL ina multiple sources
distributed environment
14 A review of industrial Highlights the challenges Manipulation
needs, constraints and in providing an effective recognition, threat
application technological solution management in finance
and insurance sectors
15 A comprehensive review Various business problems Big data analytics for the
of the banking sector in are solved by using the latest banking industry
terms of digital banking, technological trends and big
analytics, mobile banking. data analytics in the banking
Use cases of the latest industry
technologies in the
banking sector
Table 4.

Finance sector review summary.

2.4 Review of agriculture sector

BDI and data analytics concepts are emphasized by Nabrzyski et al. [16].

This proposed solution incorporates the execution of complex queries on various
datasets. These data sets contain the layers of raster and geospatial data. Kim and
Tam (2020) have proposed a data integration estimator [17]. This is a classifica-
tion technique with non-parametric and overlapping units which recognizes and
corrects misclassification errors. Saggi and Jain (2018) have reported a data analyt-
ics solution for organizations [18]. This solution performs an exhaustive realistic
analysis. The components of BDI application platforms are discussed. Authors have
thrown light on past, current research issues and future directions.

Ribarics (2016) explained the importance of big data in agricultural sector [19].
The author has highlighted the need for using technological innovations in farming,.
Sarker et al. (2020) discussed the impact of BDI in digital farming [20].

The study results showed that big data analytics helps the farmers in crop
management and yield forecasting. This study also revealed that BDI in farming is
not fully established. Table 5 presents a summary of highlights from the agriculture

sector review.

2.5 Review of literature on BDI in smart cities

Kaur and Kushwaha (2018) were motivated by different applications of BDI
and IoT integration in smart cities [21]. The earlier researchers reviewed the
critical data analysis issues. Huang et al. (2014) have proposed HiperFuse solution
for addressing BDI challenges and automating the BDI process [22]. Nuaimi et al.
(2015) reviewed the prospects, issues and advantages of BDI in smart cities. This
study discussed the BDI challenges faced in smart cities [23]. Gomes et al. (2016)

11
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Ref. No. Methods Used Results Applications

16 Data acquisition and Data integration and big Agriculture decision support
semantic integration, data analytics solution system. Helps the policymakers
statistical data analysis, data are discussed to implement restoration
visualization, data query strategies
language, and geospatial data
techniques

17 Identifying overlapping Estimation of the Agricultural census data
units, matching variables, missing data stratum, analysis of Australia for the
and classification methods independent probability year 2015-2016

of sample infinite
population

18 Characteristics of BDA, Big data analytics Smart city, cybersecurity,
architecture, technologies, framework for value agriculture and healthcare
the relationship between creation domains
value creation and BDA,
applications

19 Summary of Oracle’s strategic Big data analytics Farming and food production
white paper on Big data as technological
applications innovation in farming

20 The comprehensive review Farming is not fully Big data analytics helps the
reveals the impact of big data equipped with big data farmer in crop management
infarming technologies. and forecasting

Table s.

Agriculture sector review summary.

demonstrated a smart city project model using BDI solutions in Brazil [24]. This
project proposed a model that can be hosted in big data servers.

Alshawish et al. (2016) discussed the role and potential of BDI solutions in smart
cities [25]. The authors have explained the complete process of BDI applications in

smart cities.

This study has incorporated some real-world examples of smart city compo-
nents. Table 6 presents a summary of highlights from the smart cities review.

2.6 Manufacturing

Ahmed etal. (2016) have proposed a Generating Attributes with Rolled Paths
(GARP) algorithm that creates a mining table attributes from multiple data sources
[26]. The experiments were carried out on the U.S. consumer electric retailer
dataset and revealed that classification accuracy was improved by using GAPR.
Bennani et al. (2014) have reported a guided BDI solution with Service Level
Agreement (SLA) for querying data from multiple clouds [27]. The methodolo-
gies and algorithms designed are applied to energy utilization. Product planning,

product design, manufacturing and maintenance process are reviewed in terms of
concepts and applications. Qi and Tao (2018) provided a 360-degree review of big
data in smart manufacturing [28]. Product planning, product design, manufactur-
ing and maintenance processes are reviewed in terms of concepts and applications.
Hufnagel et al. (2015) demonstrated a distributed integration model applicable

to the manufacturing industry [29]. This research has created the user-oriented
integration platform using a modular approach. O’Donovan et al. (2015) reported
a detailed review of BDI implementation in the manufacturing sector. This study
has provided a detailed review of big data research in manufacturing [30]. Table 7
presents a summary of highlights from the manufacturing sector review.

12
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Ref. No. Methods Used Results Applications
21 Various technologies for the A new data architecture that Critical data analysis
handling of big data and IoT supports IoT and other data solution for IoT and
integration resources Big Data
22 Data mixing planner, domain- Automates the data Website visitors income
specific data models, robust integration process and analysis, retail business
type inference, and declarative leverages key capabilities analytics
interface
23 Literature survey on prospects, Big data applications for Effective management
issues and advantages of big data smart use of data and of smart city resources
technologies in smart cities operations in smart cities
24 Design of smart city project This software can be used in Software for smart city
model using big data in Brazil big data servers project in Brazil
25 Collecting data from networks, Big data-driven smart Smart Energy, Smart
processing data with various city improves smart city public safety and Smart
stages and visualization data applications traffic systems.
Table 6.
Smart cities sector review summary.
Ref. No. Methods Used Results Applications
26 Automatic generation of Classification accuracy Consumer electronic
discriminant features, improvement and retailer in Circuit City
aggregation of information from discriminant feature uUs.
multiple resources generation. Mitigates the
impact of class imbalance
27 The economic model of the cloud A distributed dataasa Energy consumption
referred for lookup, aggregation service for SLA guided data applications, data
and correlation in SLA data aggregation framework integration of political
integration, handling SLA campaign and
interoperability and collaboration electronics
28 Compare and contrast of digital Digital twin and big data Smart manufacturing
twin and big data. Product have great significance in in workshop or
planning, product design, smart manufacturing factory
manufacturing and maintenance
process are reviewed in terms of
concepts and applications
29 Featuring missing connection User-oriented integration Workflows and
between successful business platform using a modular product life cycles in
integration concept and proven approach the manufacturing
graphical description industry
30 Captured the status of big data Usage of big data Various
research in manufacturing, and technologies in manufacturing
compared the secondary research manufacturing for domain
studies maintenance and diagnosis
Table 7.

Manufacturing sector review summary.

2.7 Review of healthcare sector

Hardiman has explored BDI methodologies for Omics data and network algo-
rithm development [31]. The objective was to channel the gap between phenotype
and genotype which were not applied earlier. These researchers used spectrom-
etry permitted geneticists, deep sequencing technologies, biostatisticians and
biologists. Bhandari et al. have explained HGBEnviroScreen in their paper [32].

13



Data Integrity and Quality

This is an E] mapping tool providing the key services online to local decision-
makers and communities. This study has resulted in multiple risk factors lead-
ing to the largest vulnerability census tracts. These risk factors lead to natural
disaster, social vulnerability and flooding. Shayne et al. have carried out a com-
prehensive study of integration solutions for big medical data [33]. This study
has covered the applications, tools and technologies of BDI in the healthcare
domain. Eftekhari et al. have proposed software as a service architecture [34].
This provides backend infrastructure for database access operations on data from
different data sources. This methodology was approved with a proof-of-concept
prototype developed on the OpenStack cloud architecture. Vidal et al. have pre-
sented a knowledge-driven framework [35]. This framework extracts knowledge

from short text and unstructured data.

This framework used controlled vocabularies and ontologies to clarify the
extracted entities and relations. Husain et al. have reported SOCR data dashboard
design, implementation, and testing. SOCR does exploratory questioning of
multi-source and heterogeneous and datasets [36]. Table 8 presents a summary of
highlights from the healthcare sector review.

Ref. No. Methods Used Results Applications

31 Network algorithms and Gene Chanel the gap between Biomedical, clinical
ontology path are followed phenotype and genotype and Omics data

on a scale using high integration
throughput techniques

32 Five domains data collected at Online services for Usage of resultina
HGB region for the year 1990 decision-makers and community action
and designed EJ mapping tool for community by E] mapping plan by community
community online services tool partners

33 Usage of various tools, techniques Strength and weaknesses Healthcare big data
and applications of data of various solutions, and its integration
integration in the healthcare findings
domain. Analysis of integration
techniques abilities to handle
speed, variety and uncertainty.

34 Designing Big data store by Saa$S framework for Ad-hoc querying of
collecting data from multiple integrating multiple health care datasets
sources. Web interface and data sources performing
RESTful APIs for the integration operations such as data
of RDBMSs with non-relational access, querying and
databases. The queries on such visualization
remote databases by proof of
concept.

35 Data integration of multiple data Ontologies and unified Discovery of
resources, Knowledge-driven schema as a knowledge interactions among
framework for data description graph for describing drugs in treatments
that uses knowledge graph integrated data with much faster

running time
prescribed to lung
cancer patients

36 Human-machine interface Human-machine Service-oriented
for integration of data from interactions customization infrastructure for
heterogeneous resources in a healthcare data.
secure and scalable way

Table 8.

Healthcare sector veview summary.
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2.8 Review of communication sector

Cheng et al. proposed a remote sensing data management system [37]. This sys-
tem is distributed multisource and followed the MongoDB model. The remote sens-
ing, data integration and access are examined by designing a set of experiments.

Wang et al. have described the major aspects of BDI such as characteristics,
advantages, platform architecture, and application areas in telecommunication
[38]. This research can be extended by improving multiple levels of protection tech-
nologies in the big data platform. Yayah et al. explained a few use cases of machine
learning implementation in big data platforms [39]. Scalability and extensibility are
the parameters used for the evaluation of BDI technologies. Nwanga et al. studied
the impact of big data analytics in mobile phone industry [40]. This study has
revealed that BDI solutions and big data analytics has an impact on the growth of
the telecommunication industry by adding huge data insights. Table 9 presents a

summary of highlights from the communication sector review.

2.9 Review of supply chain sector

Antonio et al. presented a literature survey of simulation techniques in supply
chain risks [41]. The authors have highlighted the significance of BDI in supply chain
systems. This analysis has concluded that the problem at hand is simplified without
complexity in modeling. This study has complied with industry 4.0 standards.
Ostrowski et al. have explored the potential of semantic web technologies by dem-
onstrating a case study in the supply chain [42]. Authors have identified the system
for supporting data from multiple sources. This study was carried out by semi-auto-
mated mapping using shared domain ontology. Awwad et al. provided a review on
applications, advantages and issues of BDI technologies for the supply chain manage-
ment [43]. The supply chain risk management was carried out using data analytics
by making a proactive decision. Lia and Liu have illustrated a data-driven framework
for supply chain management [44]. The various circumstances of the supply chain

Ref. No. Methods Used Results Applications

37 Multi-Source BDI Scalable storage data Professional remote
framework, Spatial integration architecture, sensing big data
Segmentation Indexing latest technical support and
Model, integration based development
on distributed storage

38 Introduced and reviewed Internal data applications Development in
major aspects of big data enhance the efficiency of big telecommunication
such as characteristics, data applications. External organization
advantages, platform cooperation provides better
architecture, and services.
application areas in
telecommunication

39 Integrating machine Adoption and improvement Telco, Retail, Financial
learning tools in the of big data in the Services and Energy
Hadoop platform telecommunication industry sector

40 Comprehensive study Big data analytics has Growth of the
and analysis of the impact impact on the growth of the telecommunication
of big data in the mobile telecommunication industry industry with help of
industry big data

Table 9.

Communication sector veview summary.
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Ref. No. Methods Used Results Applications

41 Literature survey of Analyzed the impact of risks in Supply chain
simulation techniques for the supply chains management
analysis and synthesizing
risks in supply chains

42 Semantics with annotation in Integration of data from Supply chain risk
Ontology federation process, multiple resources using semi- detection
Integration of data from automated mapping
multiple resources using
shared domain ontology

43 Detailed review on Infrastructure and human Supply chain in
applications, advantages skillset need to be improved, manufacturing and
and issues of big data new and effective techniques logistics
technologies for supply chain need to be developed
management

44 Design and development of Multiple working modes Power split device in
a data-driven framework for of big data in supply chain hybrid vehicles
supply chain management management

45 A detailed survey of various Studies revealed that the The supply chain
supply chain operations supply chain process is having and manufacturing
reference model with higher importance products
opportunities and challenges.

Table 10.

Supply chain sector review summary.

are accommodated by enabling multiple working modes. Benabdellah et al. discussed
the impact of big data on supply chain management [45].
The survey of various supply chain operation reference model presented their
applications and challenges. Table 10 presents a summary of highlights from the
supply chain sector review.

2.10 Review of research domain

A review by Li presented BDI technology applications for the analysis of Chinese

and Russian dance components with modern features [46]. Arputhamary and
Arockiam presented the prominence of BDI by identifying the open problems and the
same is extended to proceed with future research in the big data environment [47].
Kadadi et al. have surveyed BDI methods and their interoperability [48]. Authors have
also explored its usage in big data setup and the corresponding challenges. Ostrowski
and Kim have presented a BDI strategy based on ontology [49]. BDI strategy was
implemented in Apache Spark prototyping environment that generates ontology
versions using rule-based translations. Sottovia et al. have described the Research

Alps project pipeline. This project was funded by the EU Commission [50]. They have
created an open dataset providing Alpine area research centre details. Portugal et al.
have presented a high-level spatial-temporal architectural framework for massive data
integration, analysis and provenance management [51]. This methodology was applied
for BDI analysis. Table 11 presents a summary of the highlights of the research review.

2.11 Review of recent advancements in BDI
Large scale implementation of BDI solutions is a very complex and difficult

process than automating data transformation processes. To reduce the complexity,
the organizations should implement the procedures for data discovery, semantic or
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Ref. No. Methods Used Results Applications
46 Big Data Technology Combination of Chinese Dance elements
and Russian cultural
and modern features
47 Importance of BDI issues and The existing techniques Possible research
challenges are identified and approaches are directions
inefficient to handle the
problems.
48 Addressing challenges of BDI such Big data integration BDI within the
as Data accommodation, Data architecture organization and inter
irregularity, Query optimization, organizations
Extensibility, ETL processing
49 Ontology-based data integration, Multiple data sources Large scale Big data
creation of new ontology versions ‘Semi-automated applications
by using rule-based translation mapping
50 M-STEP and entity matching Open dataset providing Research Alps
method and functional framework Alpine area research project funded by EU
to deal with hierarchical data centres details commission
instances
51 Domain experts focusing on Model-driven Provenance
appropriate analysis steps, techniques resulting information
high-level models linked with code in data integration and
produces middleware analysis
Table 11.

Research domain review summary.

business comprehension of data, metadata management, structured and unstruc-
tured data management, and transformation. Integrating unstructured and semi-
structured data enables organizations to manage modern data sources containing
text, images, and video. A survey was conducted by AtScale Inc. in collaboration
with Cloudera and ODPi.org reveals that most of the organizations are select-

ing multi-cloud strategies for BDI implementation. Data virtualization and data

governance are their top priorities [52]. This survey has collected data from 150 data
practitioners where the respondents are from multiple industries around the world.
The online magazine “Smarter with Gartner” has reported that top ten technology
trends in data analytics require essential investments [53].

This article revealed that the combination of machine learning algorithms and
data technologies could help the medical and public health experts to discover new
possible treatments. The article entitled “2020 CRN Big Data 100” published in “Data
Integration Solutions Review” enlists the emerging big data tool vendors [54]. This
list provides the details of data integration software, tools, platforms and vendors. A
data-driven technique for a hybrid BDI using multilayer perceptron was discussed in
this research [55]. A customized multilayer perceptron model was constructed using
time-based parameters. The fields applied in optimization analysis are also used in the
error matrix through additional neural network model. Research results revealed that
this solution captures the variations in state variables. BDI project implementation
for COVID-19 analytics was discussed [56]. This project was funded by the European
Union research fund. This platform combines information from multiple sources such
as world news, social media, published science and health data from healthcare insti-
tutions. The project design was co-created with industry, academia, health profession-
als, and policymakers to align with innovative technologies. This project successfully
provides useful and actionable information to public health authorities.
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Authors Year Study Objectives Advantages Disadvantages
Fikri et al 2019 To get solutions for financial data real-time This real-time data integration solution This solution cannot
integration issues and interpretation of resolves earlier issues of classic ETL be integrated with a
data tools hot production setting
Cheng etal 2020 To design BDI distributed architecture for Improvement in performance with a Time and resource
remote sensing data, where these data from distributed architecture for remote complexity to
multiple sources sensing data handle various pre-
processing steps in
data integration
Authors Year Study Objectives Advantages Disadvantages
Bhandari 2020 To develop EJ screening, an adaptable Risk factor identification and reducing
etal and community-based tool for the region understanding among the communities environmental
Houston Galveston Brazoria disparities and
improving their
health and well-being
Vieira etal 2020 To conduct a literature survey of simulation Simplification of the problem in the It is required to focus
methods used for handling risks in the absence of complex modeling on supply chain real
supply chain with an emphasis on data cases
integration
Stonebraker 2018 To explore issues of BDI related to Automation by machine learning and Involves high cost
etal scalability in enterprises at Tamr region rule-based approach for augmenting for domain experts,
shortage of training
data
Ahmed etal 2016 To aggregate data from local and external Classification accuracy improvement Time complexity

resources, to generate mining table from
these, automatic generation of potential
discriminant features

and thus mitigates the impact of class
imbalance

is linear and it is
required to reduce
computation time
with an efficient
method

(i) puw (114323uf vIV(]
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Authors Year Study Objectives Advantages Disadvantages
Bansal 2014 BDI by designing a Semantic Extract- Publishing semantic data on the internet It is required to
Transform-Load architecture and thus contribute to the web of data understand the
heterogeneity of
datai.e. ontology
engineering
Dhayne etal 2019 To study healthcare data integration Wide range of healthcare data Data integration in
methods, tools, and applications integration concepts, techniques and the healthcare sector
tools are covered could not be done
efficiently using
traditional way
Sazontev 2019 To develop a prototype of a big data Useful for e-commerce data integration Lacks in methods for
etal integration system domain schema alignment
Chen etal 2015 To accomplish data integration of back-end Data movement is faster than that of Integration of more
datasets in a complete manner Spark thus achieved optimization Spark modules is not
supported
Zheng et al 2015 To summarize categories and its Extensive details of big data integration Since BDI methods
subcategories of data integration solutions for communities behave differently in
techniques different applications
it’s difficult to select
the best data fusion
technique
Huang et al. 2014 To automate the data integration process A more agile process for compelled HiperFuse modules
and leverage key capabilities analysis by generating a subset of data are implemented
separately yet to be
integrated
Portugal 2016 To perform spatial and temporal data High-level representations by domain provenance
etal analysis for assisting domain experts specific languages, data analysis and technologies need

integration by model-driven techniques

to be used in related
spatial-temporal
approaches

00856 uadoyoarur/z/LSor/340 10p°xp//:d13y ;O
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Authors Year Study Objectives

Advantages

Disadvantages

Saggi et al 2018 To bridge the gap by big data processing
and analytics

A comprehensive review of big
data projects in terms of analytics,
management, and machine learning

It is required to carry
out empirical research
based on qualitative
and quantitative
methods

Kim et al 2020 Survey sample data approach to handle big
data integration

Recognition of overlapping units and
correction of misclassification errors

Statistical inference
variance estimation
with non-parametric
propensity score
tuning is not covered

Table 12.
Comparative Analysis of curated survey papers with specific parameters.
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2.12 Comparative analysis of survey papers with specific parameters

Authors have selected fifteen BDI survey papers for comparative study. The
specific feature parameters such as 1. Architecture, 2. Applications, 3. Open Issues
and Challenges 4. Taxonomy, 5. Security, 6. Future Directions are used for compar-
ing these survey papers. The Comparative analysis results are shown in Table 12.

3. The architecture of the BDI ecosystem

The outline architecture of the BDI ecosystem is shown in Figure 5. This archi-
tecture has four major components. These components are Data Sources, Data
Operations, Virtual Databases and Business Intelligence. This architecture also
shows the operations performed by each of these components. The business Big
data would be collected from various distributed sources in different formats and
sizes in Data Sources component. The Data Operations component shows the differ-
ent operations which are performed on this heterogeneous Big data.

The Big data gathered from various types of physically distributed databases are
integrated to form a unified logical virtual database. Business intelligence informa-
tion is extracted from this virtual data source by performing the operations stated
in Business Intelligence Component. This intelligent information would be used for
real-time intelligent business decision-making process across the organization.

Data Sources Data Operations Bus_mess
Intelligence

* Commerce * Cleaning * Data Integration * Custom Reporting
* Databases | * Transaformation * Data Visualization * Adhoc Quiries
* Extracts | \/‘) Streaming Analysis [ ‘/- ETL ‘.._P\)- Predictive Analytics
* Social Media | * Enrichment | *Data Services . eDashboard
* Adhoc Files * Agrregation * Data Managment * Real-time Visualizations
¢ Cloud Applications * Alerts
* TRiggers
Figure 5.

The architecture of the BDI ecosystem.

4. BDIresearch issues, challenges and future directions

The research issues, challenges and future directions related to BDI
implementation are discussed in the following sections.

4.1 BDI research issues
1. Scalability - Scalable architectures for parallel big data processing

2.Real-time big data analytics - Stream big data processing of text, image, and
video

3.Deployment of the IoMT, IoT and CCTVs systems in smart environments

would capture big data continuously. Processing multimedia big data in
real-time with low latency and high accuracy
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4.The balancing of big data processing load at the edges and distributed to the
hybrid cloud securely

5.Implementing real-time, complex big data analytics in the cloud by reducing
the cost of operations

6. Ensuring authorization, authentication, security and privacy at the edges and
cloud.

7.Efficient storage and transfer of big data in real-time
8.Efficient modeling of uncertainty with unlabeled big data
9.Management of graphical big databases
10. Social media analytics using efficient graphical processing.
11. Quantum computing for big data analytics
12. Building context-sensitive large scale systems
4.2 BDI challenges
1. Extracting actionable information from BDI solutions
2. Synchronization of data across heterogeneous data sources
3.Lack of comprehension and management of uncertainty
4. Effective anonymization of sensitive fields in the largescale data systems
5.Support for scalable privacy preservation during BDI processing
6. Generating process models that learn with a smaller number of data samples
7.Building context-sensitive large scale systems:
8.BDI Talent shortage
4.3 BDI trends

1.Everyone is adopting Software as a Service (SAAS)
2.Self-service has evolved to self-sufficiency

3.Shared data, visualizations and storytelling are consumed by all
4.Now constant updating of business-ready data is very vitaa
5.Support for advanced analytics with different perspectives

6.1t is critical to gather and create alternative big data

7.Every business is undergoing re-engineering process
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8. The measures for competition, surveillance and security are constantly
redefined

9. Collaboration has to coalesce earlier in the chain
10. The great digital switch may force a generational shift in analytics.
4.4 BDI advantages
1.Improved e-commerce sales and operations efficiency
2. Creating efficient marketing strategies
3.Increased security enforcement
4.Improving fraud prevention;
5.Enhancing user experience

6.Increased profits

5. BDI organizational case studies

Authors have presented a set of real-life case studies of BDI solutions imple-
mented successfully across the business domains in organizations. Figure 6 shows
the domains and tolls used in that domain for illustration.

5.1 Walgreens Boots Alliance Company

It is a global leader in retail and wholesale pharmacy business operating in the
U.S. and Europe and has more than 170 successful business years of serving human-
ity. Walgreens Boots Alliance, Inc., declared its IT collaboration with Microsoft and
Adobe to introduce a world’s best digital platform for enhanced customer experience
and data insights to offer truly customized healthcare, adhere to their healthcare
plans and shopping services as stated by their global chief marketing officer Vineet
Mehra. The BDI systems can manage 7.5 billion medical transactions 100 million
citizens providing a singular, unified view of the customer information about demo-
graphics, registration, diagnoses, procedures, and data from managed-care plans.

This BDI digital platform helps the customers to access key services of pharmacy,
beauty and other categories on daily basis. Data security and privacy are important
principles in the design of Microsoft’s trusted cloud platform. Walgreens has intro-
duced personally customized prescription understanding for patients at Walgreens,
Dynamics 365 Customer Insights would serve as WBA’s Customer Data Platform
(CDP) provided by Microsoft. CDP provides a unified, 360-degree perceptions of the
customer and reveals the details to leverage personal experience. Adobe’s Customer
Experience Management (CXM) solutions leverage Walgreens to offer supreme
customer experience, with end-to-end platform for analysis, managing content,
customization, campaign composition and many more. Walgreens Company also
extends collaboration with Tata Consultancy Services to build highly scalable, main-
tainable and world-class unified IT operating platform to enable digital transforma-
tion, innovation and automation of services offerings. Walgreens Boots Alliance also
collaborates with Hortonworks to offer excellent customer satisfaction.
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Kroger
America
grocer Travel

American
Express

Banking

Insurance

Huffington American
Post and Case Studies Internatio
FT nal Group

Online News

Pharmacuti
clas

Walgreens

Southwest
and Delta

Boots Alliance

Figure 6.
Case study domains.

5.2 The American International Group (AIG)

AIG Data Services Pvt. Ltd. isa 100% owned subsidiary of American
International Group Inc. It is a Fortune 500 company with revenues of the US $70
billion. AIG drives the best decision-making through BDI solution sutilizing business
and customer big data across 130+ countries and 64,000 employees which is ever-
growing. AIG has implemented sophisticated prediction models with 115 variables to
analyze the past business transactions to forecast the potential trends. AIG identified
24% accounts in the Australian market that are about close in next four-month time.
AIG has applied BDI tools and visualization systems to discover the frauds by detect-
ing the false claims and adjuster handwritten notes to detect probable frauds. These
tools offer insights into insurance claims and enhance machine learning algorithms.
AIG creates data profiles and assesses vital data elements against pre-defined data
quality standards on important business data for important applications. Today big
data is distributed across the globe and facts are available across multiple sources.
The team responsible for data sourcing uses ETL tools to provide a unified virtual
version of these facts collected from various data sources. AIG has implemented
Netezza and data virtualization technologies on Cisco Information Server. AIG
also utilizes Hadoop, R, Python, SAS and other open-sourced/licensed tools to
implement BDI solutions to beat the competitors. AIG uses tools such as QlikView,
Tableau, Cognos and Micro strategy for data visualization.

5.3 Kroger - America’s grocer company
Kroger has nearly 2,800 stores in 35 states under twenty-four banners with and
annual sales exceeding 121.1 billion. Kroger today ranks as one of the world’s largest

retailers. Kroger with its joint venture with Dunnhumby is leveraging BDI solutions.
Dunnhumby is a technology solutions provider company for retail industry.
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These solutions are implemented using the latest techniques, algorithms, pro-
cedures and applications. The Kroger company gathers and processes the data from
about 770 million consumers. Kroger has implemented BDI solutions for extracting
more actionable information for profitability, customer loyalty. Kroger claims that
95% of sales are from the loyalty card. Kroger achieved about $12 billion in revenues
by BDI implementing and analytics solutions since 2005.

5.4 Southwest and Delta Airline company

This company has encashed on customer loyalty and relationships by providing
boundless service through social channels and other data exchange mechanisms.
Southwest utilizes speech analytics to help and enhance the exchanges between ser-
vice professionals and customers. Southwest applied BDI solutions to understand
customer online behavior and activities, increasing offers for customers and driving
growth in customer satisfaction year after year. Delta has applied BDI solutions to
support most painful travel condition that results in lost baggage. This company
tracks the data about baggage and became the first airline company to permit
customers to trace their baggage from smartphones. This company checks about
130 million baggage every. Delta is branding its self as a customer friendly services
by permitting customers to download their apps over 11 million times and provides
best customers with baggage secure services company.

5.5 Huffington Post and FT is an online news service company

This company has become number one online news site in the United States.
According to this report, the company’s leadership believes in running the busi-
ness based on big data. This involves enhancing the user experience in real-time
through recommendations, moderation, social trends, and personalization. This
company optimizes its portal in many ways, and its analytics platform powers the
entire analytical process. Huffington Post utilizes data to comprehend and serve the
customers well, make targeted advertising, and design innovative products based on
information gathered. Their CEO informed that BDI solutions have transformed its
business by intelligent and real-time decision making. This company utilized many
data points to enhance relevance in their communications, analyze customer con-
tent preferences, and personalize the content all to keep traffic and visitors always.
The BDI also benefits the company to comprehend the time of day consumption
based on both mobile channels and PC.

6. Results discussion

This chapter reviewed the literature on BDI tools and applications in diverse
industries and presented the highlights from each domain. All most all organizations
are gathering a huge quantity of big data in real-time, Online and offline modes.
Managing, real-time processing this big data to extract useful business information for
intelligent decision making is the real challenge. The big data processing systems are
empowered by big data integration and analytics platforms. BDI systems are facing
the challenges in integrating and synchronization of heterogeneous big data from
multiple distributed sources. The lack of comprehension and management of uncer-
tainty in big data is another challenge faced in the big data processing. BDI processing
should ensure context-sensitivity and extracting the semantics in the distributed data
processing. Research on designing effective machine and deep learning algorithms is
going on in the BDI domain. BDI Processing uses Hadoop environment with HDFS,
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Spark computation model with a Hive database as a distributed data warehouse. The
use of Apache Spark enhances short time frames for quality and availability report-
ing. BDI processing involves data acquisition, semantic integration, statistical data
analysis, data visualization, data query language, geospatial data techniques. Big data
analytics framework enables us to create business value.

The economic model of the cloud promotes BDI processing by providing online
services for decision-makers and the business community. Usage of various tools,
techniques and applications of BDI leverages the ability to handle speed, variety and
uncertainty. Knowledge-driven framework for BDI describes a knowledge graph.
Human-machine interface for BDI integrates data from heterogeneous resources in
a secure and scalable way. Ontologies and unified schema as a knowledge graph for
describing integrated data. Multi-Source BDI is a framework for integrating data in
the distributed storage environment. Authors have discussed BDI research issues
and challenge data accommodation, data irregularity, query optimization, extensi-
bility, ETL processing. Remote sensing data. Real-time big data analytics processes
stream of big text, image, and videos generated from IoMT, IoT and CCTVs sys-
tems. Implementing real-time, complex big data analytics in the cloud using BDI
process reduces the cost of operations. This paper discussed five case studies of BDI
applications implemeneted in the in world-class organizations.

7. Conclusion

This chapter discussed the importance of BDI process implemented in diverse
organizations for providing valuable insights into business data. These insights into the
data enable the manager to take intelligent and well-informed rational decisions. An
extensive study of literature on BDI applications deployed in diverse domains across
the world was carried out and highlights are discussed. The intelligent and autonomous
BDI systems are designed using Al, Blockchain, Big data, 5G, Fog and cloud technolo-
gies. The comparative analysis of specific parameters was carriedout on curated to sur-
vey papers to identify the research gaps and future opportunities in the BDI domain.
The five case studies from fortune 500 companies have discussed the insights about
how BDI is empowering business decision making leveraging quality, trust, security,
flexibility, efficiency and also reduce the cost of operations. The authors attempted to
provide a holistic view of BDI concepts and applications. Authors concluded that BDI
plays a vital role in the diverse organizations at present and in near future also.
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