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ABSTRACT

To guarantee the correctness, consistency, and completeness of data throughout the ETL process, ETL (Extract,
Transform, and Load) testing is a crucial step. An outline of the ETL testing procedure is given in this article,
along with an examination of many ETL testing methods, such as regression testing, performance, user
acceptability, transformation, correctness, integrity, and completeness of data. Technologies for data streaming
and reverse extract, transform, load (Reverse ETL) provide ways to close the gap between analytics tools and
operational systems, enabling quicker and more intelligent decision-making. The transfer of data from
centralized data warehousing back into functional systems, such as marketing platforms, ERP systems, and
CRM (client relationship management) tools, is made easier by reverse ETL. This article’s goal is to present how
IT staff members use various cloud technologies to create data solutions. The objectives are based on two study
questions: which are the main challenges in data collection and which technologies and solutions are most
popular among employees? This study explores the fundamental data engineering methods that provide strong
business intelligence capabilities. Three key aspects are highlighted: data integration, real-time reporting,
extract, transform, and load (ETL). The foundation of Bl data preparation is the ETL procedure. We look at a
number of ETL approaches, including as micro batching, incremental loading, and conventional batch
processing. The study examines the advantages and disadvantages of each strategy, taking into account variables
including resource restrictions, latency requirements, and data volume. We also explore data transformation
methods, including schema development, data cleansing, and normalization. The study examines sophisticated
methods for managing intricate structures of data and semi-structured/unstructured data sources in addition to
conventional ETL. We go over the function of data lakes and warehousing in Bl design, evaluating how well-
suited they are for various data access and storage requirements. As an alternative to the conventional ETL
technique, the article also explores the idea of Extract, Load, Transform (ELT), pointing out both its possible
advantages and disadvantages in certain situations.

Keywords: - Extract, Load, Transform (ELT), Bl Architecture, Specific Scenarios, Data Development, Data
Streaming Technologies, IT Employees, Data Warehousing, Data Storage, Batch Processing, Suitability.

INTRODUCTION

For enterprises to properly manage their data, the Extract, Transform, Load (ETL) process is essential. Data must be
extracted from several sources, formatted consistently, and then loaded into a target system for additional analysis [1].
Organizations are depending more and more on ETL procedures to effectively manage their data as data volumes keep
rising [1, 2]. However, mistakes may be introduced throughout the ETL process, resulting in inconsistent and erroneous
data. As data passes through the ETL process, ETL testing is essential to guaranteeing its correctness, completeness,
and consistency. This article examines many ETL testing methods that might assist businesses in guaranteeing the
accuracy of their data [2].

Data is extracted from source systems, formatted for examination, and then loaded into a target a data warehouse using
ETL, a conventional method [2, 3]. The organized procedure of this approach, which guarantees that data is cleaned
and altered before to storage, has led to its widespread use [2, 3]. Although this pre-processing might improve the
consistency and quality of the data, the lengthy transformational step may also cause delay [3]. The historical
importance of ETL in the warehouse of data and its continued applicability in situations with intricate and demanding
data transformation needs will be examined in this article. By extracting data from source systems, putting it straight
into the target data warehouse, and then executing transformation operation within the warehouse surroundings, ELT,
on the other hand, reverses the order [3, 4]. This method effectively manages large-scale changes by using the
processing capacity of contemporary data warehouses, including cloud-based platforms [3, 4]. Because transformations
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are carried out on-demand and may be performance-optimized, ELT has intrinsic benefits such as increased scalability
and decreased data latency [3, 5].

ETL is the method used all around the globe to create data warehouses. (DW) The idea that a data warehouse consists
only of extracting and loading data from several sources is convincing. A wide range of ETL tools, including
commercial, free and open-source code-based, GUI-based, stored in the cloud, and many more, are available on the
market [3, 5]. Requirements, data types, and organizational architecture all play a role in choosing the right technology
[3, 5]. ETL technologies must adapt as data changes in order to meet business needs and decision-making requirements

[5].

o Data Engineering: The Link between Business Intelligence and Data But the quality, timeliness, and
accessibility of the underlying data determine how useful BI tools are [5, 6]. Data engineering plays a vital
role in this situation. The infrastructure and procedures required to extract, convert, and load data from various
sources into a format that BI applications can easily consume are established by data engineering [5].

e ETL: Extract, Transform, and Load are the three activities that must be completed in ETL. Every job has a
protocol. In order to prepare the data warehouse or staging area for the transformation process, extracting is
the process of combining data from several sources, including ERP, SAP, and other operational frameworks
[5, 6]. Applying corporate standards, cleaning, filtering, separating, joining, transferring, and verifying the
extracted data to prepare it for loading are some of the many subtasks that make up the ETL transformation
process [6, 7]. Data is loaded during the loading process into the data warehouses or other storage locations.

o Data Warehouse: Data warehouses are used for corporate analysis and reporting. One or more sources, such
as current or historical data, are centrally stored in data warehouses. These linked data are utilized to provide
analytics reports for different organizational elements. ETL is the procedure used to create data integration and
staging for data warehouses [6]. Raw data gathered from various sources is stored in the staging layer's staging
area or staging a relational database after combining data from several sources, the integration layer sent it to a
database, often known as a data warehouse. Dimensions, facts, and aggregating facts are the categories into
which the data is arranged in the data warehouse [6].

Categories of ETL Tools for extracting, transforming, and loading (ETL) data help businesses make their data
accessible, useful, and usable across disparate data systems. There are several alternatives accessible when choosing an
ETL tool [6, 7]. To help you choose the right tool for your needs, we have listed the categories and their common
characteristics in this portion of the article. Because of their strong characteristics, most tools belong to many classes.

e Batch Processing: The conventional method of processing involves collecting data before processing it in
batches. After being received, the whole file is processed, verified, cleaned, computed, and combined before
being sent to a system for further assessment. Modern businesses need to handle data as soon as it is received;
they cannot wait for data to be collected. Other ETL technologies that rely on batch processing include Oracle
Data Integrator, SSIS, Informatics, and IBM Info Sphere Data Stages [6, 7].

e Code-Based/Engine-Based: Programs that are compiled and do not write in a proprietary language are known
as code-based ETL tools. ETL applications are often generated by code in universal systems like C or
COBOL. Engine-based solutions are often proprietary and have performance-oriented data engines. They also
make it possible to enhance the product's functioning [6, 7]. Although both code-based and engine-based ETL
solutions provide great speed, engine-based ETL tools are a better option if you lack the skills to modify the
code. Oracle Warehousing Builder and SSIS are two examples of code-based ETL solutions.

e Cloud-Based: Scalability, real time while streaming information processing, and connections with an ever-
increasing number of data sources are all features offered by cloud-based ETL systems. Additional cloud-
based ETL tool examples are Matilian, Blendo, Stitch, Fivetran, [8, 9], and Alooma [9].

e Open Source: Because open-source solutions are less costly than commercial ones, some individuals choose
to use them [9]. Because open-source ETL technologies have less complicated data and reporting
requirements, they are most often used and supported by integrators of systems, department enterprise
builders, and mid-market businesses [9, 10]. Open-source ETL technologies include Apache AirFlow, Apache
Kafka, Apache NiFi, and Talend Open Studio [10, 11].

e GUI-Based: Because of the application's user-friendly interface, GUI-based ETL applications are the most
popular on the market. Drag and drop functionality for data loading and analysis is offered by GUI-based
solutions [11]. Among the GUI-based ETL solutions are Pentaho, Informatica, DataStage, and Abinitio.

e Real-Time: Real-time data processing is necessary due to the changing nature of data and its sources. The
ETL architecture has evolved in response to the need for real-time data. Real-time ETL tools include
StreamSets, Confluent, Alooma, and Striim [11].
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e NoSQL-Based: The ETL process, which gathers digital data and transforms it into comprehensible formats
like reports, is as ancient as the digital age itself. The introduction of schema-less databases makes the analysis
more difficult to do. The most well-known and extensively used NoSQL-based database is MongoDB [11,
12]. MongoDB ETL tools come in both premium and free/open source versions. Other technologies like
Mongo Syphon, Transporter, Krawler, Panoply, Stitch, [12], Talend Open Studio, and Pentaho may facilitate
data integration with NoSQL databases like MongoDB.

One of the most widely used open-source ETL tools is Talend. This Java-based ETL tool offers a drag-and-drop
interface for simple data transformation and supports a large variety of data sources. One of the few ETL programs
with a free community version is Talend. Another well-liked open source ETL tool is Pentaho Data Integration (PDI)
[12]. It is an ETL tool with a Java foundation that provides a wide range of capabilities for data integration and
transformation. Additionally, there is a free community version of PDI. The Pentaho package includes the open-source
ETL tool Kettle. Kettle is an ETL tool with a drag-and-drop interface for simple data transformation that is built on
Java. Additionally, there is a free community version of Kettle. Apache An effective open-source ETL solution for data
integration and transformation is NiFi [11]. A comprehensive feature set for data transformation is provided by the
Java-based utility NiFi. Additionally, NiFi offers a free community edition [11, 12]. These are just a few of the most
widely used open-source ETL software. Every one of these instruments has advantages and disadvantages. To choose
the best tool for your company, you must assess each one according to your unique requirements [12].

e Enhancing Business Operations Reverse: By transferring vital data from information warehouses into
business applications like CRM systems, automation for marketing platforms, and ERP solutions, ETL enables
non-technical personnel. This makes it possible for departments like marketing, sales, and customer service to
make more effectively [12], data-driven choices without waiting for data professionals to retrieve reports or
depending on complicated analytics dashboards. Reverse ETL makes it easier to use data in real-time by
integrating data insights straight into operational tools [12,13], which boosts output and speeds up decision-
making processes [11].

e Actionable Insights in Real-Time: Reverse ETL aggressively sends data back into processes where it might
motivate actions, rather than just storing and analysing it in a warehouse [13]. For instance, sales teams may
utilize insights into customer behaviour to prioritize outreach efforts, while marketing teams can use enhanced
consumer data from the data warehouses to launch customized email messages [11, 15].

e Democratizing Data Access: The democratization of data access across the company is another important
advantage of reverse ETL [14, 15]. Data is sent straight to the tools that staff members use on a daily basis
rather than being isolated inside analytics systems. Non-technical persons may now access and work with data
without the requirement for certain SQL or data analysis abilities thanks to this democratization [15]. Instead
of wasting time gathering or analysing data, teams may concentrate on applying the insights it produces. This
improves departmental decision-making in addition to an organization's overall operational efficiency [15, 16].

¢ Reducing Reliance on Data Teams Reverse: ETL lessens the bottleneck that usually results from data teams
acting as the only gatekeepers for access to data [15, 16]. Non-technical divisions used to have to wait for data
professionals to provide insights or seek reports. Reverse ETL removes the requirement for continuous
communication with the data engineering teams by automating the movement of data from warehouses into
tools utilized by business teams [15]. Data teams are able to concentrate on more strategic projects as a
consequence, and business users are given greater freedom to utilize data [16].

BIG DATA AND CLOUD COMPUTING

The goal of business intelligence solutions is to analyze data from many sources and provide insights that will aid in
decision-making for the company [16]. It becomes more difficult for conventional on-premises solutions to meet all the
criteria as the volume rises.

The "4 Vs" are a set of features that constitute big data [16, 17]. Due to the scale of the data, its primary feature is
volume; a big data ecosystem's data size may vary from thousands of terabytes to a few zettabytes, and it is still rapidly
expanding [17].

A further feature is variety, which denotes the heterogeneity of the data under analysis, including various forms such
structured, semi-structured, and unstructured data [11]. The third "V" stands for velocity, which controls how quickly
data is processed using various techniques including batch or real-time processing [18].

In order to guarantee data correctness and consistency and confirm that the numbers supplied are accurate, veracity is

another difficulty. Although large data ecosystems have always been defined by these four Vs, other Vs have been
added, including vulnerability, volatility, validity, variation visualization, and not the final value [11, 15].
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Data processing tools from on-premises to cloud

Data transformation and storage are accomplished by a number of on-premises ETL (extract-transform-load)
technologies. By lowering the development effort, they were being utilized to streamline the data administration
procedure [15, 16]. They are designed to save both resources and time since the majority of them are code-free, which
means that developers don't have to create code because most transformations can be done using drag-and-drop [16]. In
order to extract data from various sources of information utilizing structured or unstructured data, they may be
combined with many connections and have varying capabilities [16]. In order to exclude soiled data and produce a
model that can be used in further research, the processing step entails a variety of transformations, including filtering,
cleaning, and aggregations, to ensure that the information quality is unaffected and that incorrect conclusions are not
made [17].

FOCUS OF THE RESEARCH

ETL, Data Integration, and Real-Time Reporting

In particular, this study explores three fundamental data engineering methods—Extract, Transform, Load (ETL), data
integration, and real-time reporting—that are essential for Bl deployment success [11, 13]. We will provide a thorough
rundown of these essential elements, including their theoretical foundations, [11], real-world applications, and practical
concerns.

e Extract, Transform, Load (ETL): The core of Bl data preparation is this fundamental procedure. We will
analyze the advantages and disadvantages of many ETL approaches for distinct use scenarios, including
incremental loading, micro-batching, and classic batch processing [11, 12]. We will also explore the
complexities of data transformation, including schema development, data cleansing, and normalization [12].
Additionally covered will be methods for dealing with missing numbers, data validation, and data quality
checks.

o Data Integration Strategies: For complete Bl capabilities, data from various sources must be seamlessly
integrated [13].

e Enabling Real-Time Reporting: For enterprises navigating fast-paced business settings, the capacity to
analyse and interpret data in real-time has become more important. The data engineering factors that enable
real-time reporting will be examined in this section [13]. The idea of streaming data will be covered, along
with the difficulties that come with it, including high velocity, heterogeneity, and possible data discrepancies
[13]. We will examine many data intake frameworks and processing methods, such as Apache Kafka and
Apache Spark Streaming that are intended to manage real-time data streams. Furthermore, we will analyse
well-known real-time analytics architectures like Lambda and Kappa, emphasizing their advantages and
applicability for various use cases depending on variables like data volume, latency needs, and data
consistency assurances [13, 14].

1. Extract, Transform, Load (ETL): The fundamental procedure for getting data ready for Bl analysis is ETL. We
will analyse the advantages and disadvantages of many ETL approaches for distinct use scenarios, including
incremental loading, micro-batching, and standard batch processing [15]. The complexities of data transformation,
including data cleansing, normalization, and schema development, will also be covered. Additionally covered will
be methods for managing missing values, data validation, and data quality checks [15, 16].

2. Data Integration Strategies: For complete Bl capabilities, data from various sources must be seamlessly
integrated [16, 17]. Several data integration techniques, including as data virtualization, data federation, and master
data management (MDM), will be examined in this section [16].

- ETL PROCESS

EXTRACT LOAD ANALYZE
— L) —_

TRANSFORM
Data Sources

Fig. 1 Defining the Extract, Transform, Load (ETL) Process. [16]
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Three separate steps may be distinguished in the ETL process:

1.

Extraction: Data engineers use a variety of methods to gather information from a range of sources at this first

phase. This might include using file transfer protocols (FTPs) for scheduled data transfers, using data integration

solutions with pre-built connectors, or creating bespoke scripts to communicate with relational databases or APls

[16, 17]. The particular data source, its accessibility, and the amount of data being extracted all influence the

extraction technique selection [16, 18].

Transformation: Before extracted data can be properly analysed by Bl tools, it often has to undergo substantial

change [16]. This phase includes a variety of methods, including:

o Data Cleaning: Errors and inconsistencies in the extracted data are addressed via data cleaning. This might
include addressing outliers, detecting and fixing missing numbers, standardizing data formats (such date
formats, [18], and currency units), and fixing problems with data integrity (like duplicate entries).

o Data Transformation: To prepare data for analysis, data transformation alters the data's content and structure
[19]. This could include aggregated data to roll up data to greater degrees of resolution (e.g., converting daily
sales figures to every month totals), data derivation to generate new data points using existing information
(e.g., calculating profit margins), and data normalization to guarantee consistency in data representation across
various sources (e.g., first normal form, the subsequent normal form) [19].

e Schema Definition: The structure and arrangement of the data inside the target data store are determined by
the schema specification. To guarantee effective data retrieval and analysis inside Bl systems, data engineers
specify data types, restrictions (such as primary keys and foreign keys), and data connections [19, 20] [11, 18].

Loading: The ETL procedure loads the data into the specified target data storage once it has been converted into a

format that can be used [11]. This usually entails efficiently and systematically writing data to the Data Lake or

warehouse [18, 19]. For huge datasets, data engineers may use bulk loading strategies; for incremental data
updates, they may use staged loading methodologies.

METHODOLOGIES

Different ETL approaches are used to accommodate varying data quantities and business requirements:

Batch ETL: This conventional method loads data into the target store after extracting it from source systems on
a regular basis (daily, weekly, etc.) and completing all transformations in one batch [20, 21]. Batch ETL
provides effective processing for big datasets and works well with reliable data sources with consistent update
schedules. But since users must wait for the full batch to be processed before obtaining the most recent data, it
could cause delay.

Incremental ETL: Only modifications made since the previous ETL run are extracted and loaded using this
manner [8, 10]. Compared to batch ETL, this shortens processing times and enhances data timeliness. Only the
changed or newly produced records from source systems may be found and extracted using methods like change
data capture (CDC). Compared to batch ETL, incremental ETL might be more difficult to develop and
administer, even when it has a lower latency [10, 18].

Micro-Batching ETL: The ETL process is divided into smaller, more frequently occurring batches using this
method [19]. Data is fed into the target store after being extracted and converted in micro-batches, such as every
few minutes or hours. Micro-batching provides data updates in almost real-time without the hassle of continuous
processing, offering a compromise between batch and incrementally ETL [18]. In contrast to conventional batch
ETL, it could need more frequent resource use [22, 23].

Architectures for Real-Time Analytics

A data process architecture that can effectively manage the high velocity, heterogeneity, and possible inconsistency of
streaming data is required for real-time analytics [22, 22]. Here, we present the Lambda Architecture, a well-liked real-
time data processing design paradigm:

Lambda Architecture
By using both batch and stream processing techniques, the Lambda Design is a data processing framework that can

man

age enormous volumes of data. This design strategy uses distinct layers of processing for batch and real-time

information processing in an effort to balance latency, throughput, fault-tolerance, and [21, 23]:

Batch Layer: Periodically, this layer processes the whole data collection, usually in batch tasks that are run at
predetermined intervals (e.g., hourly, yearly) [23]. For historical analysis and reporting, the batch layer cleans,
transforms, and loads data into a warehouse of information or data lake using conventional data processing
methods like ETL (Extract, Transform, Load) [21, 23]. For historical information sets, this layer guarantees
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data completeness and consistency, facilitating thorough data analysis and the production of trustworthy
reports.

Speed Layer (or Real-Time Layer): As the real-time data streams comes in, it is processed by this layer [9,
10]. To carry out calculations in real time and provide insights very instantly, it makes use of stream processing
frameworks such as Apache Spark Streaming or Apache F-link. Low latency and prompt extraction of
insightful information from the data that comes in stream are the main goals of this layer [9, 10]. To find
patterns or important events in the streaming data, the speed layer may use methods like data filtering,
amalgamation, or real-time detection of anomalies [9, 10].

Serving Layer: This layer serves as a single interface for accessing and querying data from the speed layer
(real-time insights) and the batch layer (data warehouse/data Lake). It gives users and Bl tools a single point of
access to get insights from the most recent real-time data streams or to get historical information for in-depth
analysis [9, 10]. To guarantee effective data retrieval from both sources, the serving layer may make use of
materialized views or pre-computed aggregates [2, 4].

Suitability of Architectures For Different Use Cases
A number of variables, such as data volume, latency requirements, and the complexity of data processing requirements,
influence the decision between Lambda and Kappa architecture [2, 4]:

Latency Requirements: The Lambda Architecture may be more appropriate for applications that need ultra-
low latency processing (such as fraud detection or high-frequency trading) [5, 6]. Compared to the single
processing pipeline of the Kappa Architecture, the decoupled speed layer of the Lambda Architecture may be
able to achieve reduced latencies.

Data Volume: The Lambda Architecture's division of responsibilities might be helpful for handling very large
data streams. While the speed layer concentrates on real-time insights from the streaming data, the batch layer
may effectively manage bulk data processing [5, 6]. For large data sets, this division may increase overall
processing efficiency [6, 7].

Complexity of Data Processing: The efficient processing pipeline of the Kappa Architecture may be enough
if the data processing needs are somewhat straightforward. However, the Lambda Architecture's division of
batches and real-time processing may provide more flexibility and control for complicated data processing
jobs that include historical data analysis or elaborate real-time calculations [6, 7]. Real-time data processing in
Bl systems may be accomplished using both the Lambda and Kappa Architectures [6, 7]. A detailed grasp of
the particular needs, data quantities, and latency tolerance within the particular context of an organization is
necessary in order to choose the best architecture [7, 8].

Analysis of Data Engineering Tools and Methodologies

Real-time analytics has been successfully implemented in a variety of sectors, as shown by the case studies in the
preceding section [8, 10]. Here, we examine the data engineering techniques and tools used in these case studies [10,
18], emphasizing both effective and potentially harmful tactics:

Data Ingestion and Integration

Apache Kafka: Apache Kafka serves as a common infrastructure for ingesting or buffer real-time data streams
in all three case studies [18, 20]. Kafka is well-suited to managing the large amount and heterogeneity of data
seen in real-time analytics applications because of its scalability, tolerance for failures [21, 23], and decoupling
architecture [24, 26].

Integration Challenges: Schema management and data standards must be carefully considered in order to
successfully integrate data from various sources. To guarantee smooth data integration across many data sources,
methods such as schema evolution and data standardization may be required [27, 28]. To address any mistakes
or inconsistencies in the streaming data, data intake pipelines must also include anomaly detection and data
quality checks [28, 29].

Real-time Analytics Methodologies

Stream Prioritization: As shown in the case study of the retail business, it might be advantageous to prioritize
data streams according to their importance for making decisions in real time [29, 30]. Faster extraction of crucial
insights for prompt action is made possible by prioritizing the processing of time-sensitive data streams [30, 31].
Real-time Stream Querying: Through the use of specialized querying engines, users may interactively explore
real-time data streams and discover new patterns or abnormalities [30, 31]. All three case studies may benefit
from this, since it enables proactive decision-making based on the most recent real-time information [32, 33].
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e Stream Reduction Techniques: As shown in the manufacturing case study, data reduction strategies like
aggregate or filtering might be essential for managing high-volume data streams [34, 35]. These methods
guarantee effective evaluation and interpretation of real-time data by lowering the data amount while
maintaining crucial information.

CONCLUSION

The classifications of ETL tools and products that are available for each kind are the main topic of this article. Because
of their features and methods of implementation, many tools may be classified into many classes. Organizations must
use every tool at their disposal to make timely and well-informed choices in a world that is becoming more and more
data-driven. A strong answer to many of the problems organizations have in efficiently managing and using their data
is provided by the combination of Reversing ETL and real-time information streaming into multi-cloud settings.

Organizations can use best practices, like establishing precise test objectives, developing thorough test cases,
automating testing, conducting end-to-end testing, working with stakeholders, and recording and reporting issues, to
make sure the ETL system runs properly and generates accurate results. Organizations may overcome the difficulties
associated with ETL testing by using best practices, utilizing tools and technologies, and funding training and
development initiatives. Organizations may increase operational efficiency, make smarter choices, and get a
competitive edge by carefully evaluating the ETL system to make sure it functions properly and generates accurate
data.

Real-time data processing methods, structures, and real-world applications in the field of business intelligence (BI)
were thoroughly examined in this research study. We explored real-time data processing methods and demonstrated the
power of frameworks such as Apache Spark Stream and Apache Flink. These frameworks allow businesses to extend
their real-time analytics infrastructures as data volumes increase by effectively handling high-volume data streams via
the use of distributed processing paradigms.

By routinely processing the whole data set using conventional ETL (Extract, Transform, and Load) procedures, the
batch layer guarantees data consistency and completeness, facilitating thorough historical analysis and trustworthy
reporting. In order to handle the real-time data stream as it comes in and enable the near real-time extraction of
insightful information from the most recent data, the speed layer makes use of stream processing frameworks. Because
modifications to one layer may not always affect the other, this decoupled design has benefits for development,
deployment, and maintenance.
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