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Abstract---Business Intelligence strategies often need
real-time BI and analytics. For this purpose, BI systems
focus on data management as a whole and good data and
information quality in particular to achieve data
consistency and referential integrity across distributed
systems. Generating key performance indicators (KPI)
of business intelligence might require incorporating the
semantic approach of data integration to achieve the
consistent and sustainable semantic decisions. So this
paper deals with how to improve data and information
quality by adopting Extraction-Transformation-Loading
(ETL) and Extraction-Loading-Transformation
processes towards generating structured data and
semantic data with quality towards improving inference
capabilities and generating semantic knowledge base for
the business domain ontology. However this research did
not consider dealing with dynamic or real-time data
quality and their role towards producing better business
intelligence.
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L. INTRODUCTION

Cloud computing is an efficient way of providing computing
resources in the form of outsourcing the data storage,
processing and also includes the security aspect (Escobedo-
Bailon et al., 2021). Cloud computing offers a service-based
pay-as-you-go approach (Ambrust et al., 2009) thus Cloud
computing resources involve Infrastructure as a service,
platform as a service and software as a service (Escobedo-
Bailon et al., 2021). Cloud computing refers to on-demand
and integrated computer resources that are made available to
those who subscribe for them to use it. These resources
include data storage capacity, backup and self-
synchronization (Nir, 2010; Zanoon, Al-Haj & Khwaldeh,
2017). Data storage resources of cloud appear either in the
form of a cloud storage service or as a version of data centre
(Vasconcellos, 2022). Cloud enterprise data warechousing is
a top level strategic business and information technology
investment initiative to drive the profit and to make it more
customer centred (Matthew, 2022). A cloud data warchouse
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usually appears as software as a service instead of appearing
in the form of a physical data warehousing storage. A cloud
data warehouse is a managed service in a public cloud. It is
optimized for conducting business intelligence and big data
analytics based operations (Qlik). The quality of Business
Intelligence management is directly proportional to decision
making quality of corporate people. Hence, data quality and
information quality become critical success factors to
achieve comprehensive BI solutions (Wieder & Ossimitz,
2015).

II. RESEARCH OBJECTIVES

Therefore two research objectives are discussed in this
paper:

(i) Managing Data Quality in ETL process

(il) Managing Information Quality in ELT process

II1. BUSINESS INTELLIGENCE IN CLOUD
COMPUTING

Business intelligence is the process of collecting
information from data, so that organizations can be guided
towards making business decisions (WinMan) Business
Intelligence is a new phenomenon of handling data in
business. Cloud computing offers more accessibility options
to choose different BI tools (Kasem & Hassanein, 2014) to
achieve more profitability (Yiu, Yeung & Cheng, 2020) and
competitive advantage (Muntean, 2008). Gartner defined
business intelligence as “the use of applications,
infrastructure, tools and best practices that enables access to
and analysis of information to improve and optimize
decision and performance” (Gartner; Kasem & Hassanein,
2014). Cloud Business intelligence is a contemporary
revolutionary concept of delivering business intelligence
capabilities as a service using cloud architecture in low cost
but with faster deployment and flexibility (Kasem &
Hassanein, 2014). Business Intelligence relies on a large
database called data warehouse. A data warehouse is a
collection or large data sets extracted, transformed and
loaded from different forms of database (Menon, Rehani &
Gund, 2012). A traditional data warehouse usually built as
an integrated data set of relational databases. The data in the
data warehouse is stored by several operational database
systems before loading to data warchouse. The data
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warehouse can be viewed as a collection of different data
marts. The data warechouse maintains the history of data and
integrates to produce a unique data model. The data
warehouse can handle queries. ETL is applied on data
warehouse and the results are storied in multidimensional
arrays and then online analytical processing (OLAP) tools
are used for generating the business reports
(Nedunchezhain, Moorty & Thurnavukkarasu, 2012).The
ETL phase is an essential step in the data warehousing
process. It is considered as the most expensive phase in
implementing data making systems. Integration of data
relies heavily onvolume of data and velocity of data. Use of
parallel computing technique enhances the performance of
ETL process. While some are suggesting classical ETL
process for obtaining contemporary business decision
making capabilities (Wang, Hu & Zhou, 2011), some other
suggested big data computing environment (Elgendy &
Elragal, 2016) in passing (Diouf, Boly & Ndiaye, 2018).

IV. BIG DATA ANALYTICS IN CLOUD COMPUTING

Big data and cloud computing are two main stream
technologies of contemporary interest in the Information
Technology field. Big data is a concept that deals with
storing, processing and analyzing large amounts of data. Big
data analytics is believed to reduce the cost of analytical
treatment and hence becoming a crucial process in many
fields and sectors. In Big data analytics, the ETL:
Extraction-Transformation-Loading  process takes a
paradigm shift into  ELT: Extraction-Loading-
Transformation (Berisha & Meziu, 2021). For example in
Hadoop, ELT process takes place (Kumar, 2020). As data
protection, privacy and cyber security are becoming some of
the cloud big data analytics challenges. Lack of knowledge
and trained profession to work cloud big data is becoming a
contemporary big challenge that Information Technology
market is facing now (Mohan & Manohar, 2021).

V. MANAGING DATA QUALITY IN CLOUD
COMPUTING

According to J. M. Juran, the engineering and management
consultant, data is said to be high quality if data can be fit
for the intended use of operations, planning and decision-
making aspects of business (Chisholm, 2017). The accuracy
and relevance of Business Intelligence & Analytics (BI&A)
rely on the ability to bring high data quality to the data
warehouse from both internal and external sources using
ETL process (Souibgui et al., 2019). The nature of data in
the data warehouse is different from that of operational data
base. While operational database focuses more to contain
transactional data supported by having lookup data among
normalized data sets, data warechouse data is subject
oriented, integrated, time variant, non-volatile, de-
normalized and summarized on which OLAP can be
performed (El-Sappagh, Hendawi & El Bastawissy, 2011).
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Ensuring data quality requires tracking quality defects in the
ETL process. Data quality is the reflection of multi
dimensional facets and influences (Souibgui et al., 2019).
There are three data quality perspectives: (i) data oriented
and (ii) process oriented (iii) control oriented. While data
oriented approach tackles quality defects at data level,
process oriented approach tackles them considering ETL as
a process. Control oriented approach focuses on
administrative operational aspects such as accounts and
permissions. The data level quality relies on features such as
amount of data, relevance, completeness and timeliness
(Wang & Strong, 1996). The process level quality relies on
features such as referential integrity and business semantics.
The control level quality relies on accessibility and security
features (Souibgui et al., 2019).

A. The ETL Process

Classical ETL process is done in the following three steps
(El-Sappagh, Hendawi & El Bastawissy, 2011):

1) Extraction: During ETL process, data is extracted from
an On-Line Transaction Processing (OLTP) database. The
data sources are not only belonging to relational databases
but also text files, spreadsheets (e.g. csv files) etc. (Ambika,
2020). Therefore use of ODBC, JDBC drivers become
common among ETL team.

2) Transformation: The data is transformed to match the
data warehouse schema such as mostly star schema but may
sometimes have to follow snow flake scheme. Most of the
contemporary enterprise data warehouses are also planning
to maintain galaxy schema while most of the data marts
focus to adopt star schema. The transformation step tends to
make some data cleansing too so that correctness,
completeness, consistent and unambiguous data can be seen
in the data warehouse. A DW schema is composed of fact
tables and dimension tables. All the transformations are
available in data warehouse as a part of meta-data. A well
designed ETL system is expected for ease of modification
and generate decision support reports with dashboards of
charts and graphs that enable decision making.

Data cleansing: Data cleansing is required when data is
extracted from source data systems, while loading into
staging area or transforming into target data ware area (Ul
Haq, 2016). Data cleansing is the process of finding errors
in data and correcting them either using manually or
automatically. A large part of the cleansing process
involves the identification and removing duplicate records
(Ridzuan & Zainon, 2019). Other activities include updating
missing fields and missing values (Loshin, 2013). Data
cleansing is also called data scrubbing. It not only removes
errors but also removes inconsistencies from data to
improve the data quality. Other data cleansing activities
include: Updating nulls, correcting misspellings and illegal
values, maintaining consistent data formats, wrong
references. Lookups are one way to avoid wrong references.
For data warehousing cleaned data is often available from
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data staging area. Examples of some of the ETL tools
include: CopyManager, DataStage, Extract, PowerMart,
DecisionBase,  DataTransformationService, = MetaSuit,
WarehouseAdministrator etc. (Rahm & Do, 2000). For
example Informatica cloud data quality simplifies cloud data
warehouse management with a single, easy-to-use, self-
service data quality tools that operate entirely in the cloud as
an economical subscription service and let users focus on
building data quality mapping and data profiling based on
data quality rules for standardization and cleansing
(Informatica, 2019).

3) Loading: Loading to target Data warehousing fact and
dimension tables and OLAP cube data sets can be
achieved through not only using native database drivers
but also the using generic ODBC, JDBC drivers.

VI. MANAGING INFORMATION QUALITY IN CLOUD
COMPUTING

Turban et al. (2005) view of Information is: Meaningful
organization of data the recipient or surprise value of
unknown to recipient. The following are the most common
information quality dimensions (Al-Hakim, 2007) are:
Accessibility, Accuracy, Amount of Information,
Believability, = Coherence, Capability, = compactness,
conciseness of representation, consistency of representation,
ease of implementation and ease of understanding.
Gustavsson & Wanstrom (2009) define information quality
as the “ability to satisfy stated and implied needs of the

information consumer (p.237) in passing to Alshikhi &
Abdullah (2018). The quality of decision improves by
improving the information quality towards having
knowledge about relationships among problem variables
(Raghunathan, 1999).

A. The recent analytics based ELT process

Anwar, Huntz, Koloch & Pitti (2010) argued that there are
some problems that arise in integrating data with Data
Warehouse approach such as building and maintaining large
scale integrated data warehouse and is also difficult and
expensive; once it is built it becomes inflexible to make
changes/update. If the data is not conducted properly
subjected to right ETL process, On-Line Analytical
Processing queries cannot be executed conveniently,
therefore DWH (Data WareHouse) design becomes more
burdened on the warehouse schema and ETL process (Al-
Sudairi & Vasista, 2011).

While Levenbach (2013) suggested PEER process as a
modeling pathway for demand forecasters/planners, where
notations are: P-Preparation of Healthy data, E-Executing
Analytic Modeling methodologies, E-Evaluating
performance diagnostics and R-Reconciliation of modeling
pathways; Vasista (2007) suggested TAMPA methodology
where the notations are: T-Transform, A-Analyze, M-
Measure, P-Predict and A-Act as an extension to MPA
methodology mentioned in Berson, Smith & Thearling
(2000) for eCRM solution. TAMPA is a closed loop
methodology (Vasista & AlAbdullatif, 2017).
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Fig. 1: TAMPA Methodology (Source: Vasista, 2007; Vasista & AlAbdullatif, 2017)

Decision making depends more on the availability of
semantic information. Therefore building ontology
approach enables true semantic integration across the
information sources to draw wider conclusions. Ontology
provides efficient information integration. Ontology allows
construction of semantic information base. Semantic
Information Base (SIB) enables the following features:
storing, loading and Data Manipulation Language (DML)
access to RDF/OWL data and ontologies; inference using
Web Ontology Language (OWL) and Resource Description
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Framework (RDF) schema semantics and user defined rules;
ontology assisted querying of enterprise relational data.
RDF meta-data is required to be accessed to retrieve
semantic statements and for which what is called triplestore
is built. A triplestore is optimized to store and retrieve short
statements called triples that appear in the form of subject-
predicate-object; hence the name tripelstore is given. It
means the relational data is published on the web as RDF
and data is linked through SPARQL end point (AlSudairi &
Vasista, 2011). To this end, handling and managing the
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structured data is done. Then what about dealing with
unstructured data? Annotation helps prepare information
sets that can be used to train machine learning models for a
variety of applications. S (Babovic & Milutinovic, 2013).
The research proposed by Rani et al. (2017) suggested what
is called MOUNT framework. It proposed the multi-level
semantic annotation and unified data integration using
semantic web ontology in big data process. According to
which, the heterogeneous collection of big data (which is a
combination of structured and unstructured data) will be
subjected to two types of annotation: (i) Coarse-grained
annotation — in which ontology is created focusing on
metadata and (ii) fine-grained annotation — in which a
schema of structured information is extracted to be prepared
to match the Resource Description Framework format and a
schema of unstructured information is extracted to be
prepared to match based on lexical and semantic annotation.
Then the query processing takes place on the integrated part
of both structured and unstructured information. For
example in the Smart cities context, data can be collected
directly from variety of sensors, smart phones, structured
data from RDMBS and unstructured data from text files and
other sources are integrated and linked with smart city data
repositories to perform analytical check and reasoning so to
generate required information as well as new knowledge or
inference for decision-making for having better urban
governance (Khan, Anjum, Soomro & Tahir, 2015).

VIL CONCLUSION

Data warehouses and data marts are hence called Business
Intelligence (BI) enablers. Data integrity is a pre-requisite
for data consistency. The main purpose of business
intelligence systems in an organization is to increase the
quality of data and information, so thatquality of decision
making will be improved. For this purpose, Business
Intelligence refers to interoperable data infrastructure and
standardization of data-related technology, creation of
metadata standards for Big Data management and Analytics.
Semantics play an important role in harnessing information
in business domain in the form of building knowledge
graphs along with scalable and flexible data discovery,
analysis and dash board based reporting capabilities. But
one of the limitations of this research is to see how to
consider continuous flow of real-time data and its quality
toward making better inference and decision making.
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