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Abstract- The report is a discussion of how the
combination of power BI and SQL can help to
improve the efficiency of data analytics and
reporting within the context of cloud computing.
The integration enhances the ability to process data
in real-time, scale, and dynamically report with the
help of clouding platforms, including Azure and
AWS. SQL handles large volumes of data, and
Power BI provides a way of making decisions based
on the available data via interactive visualization.
This report evaluates performance, scalability and
optimization of the system, the benefits of the
system, challenges facing the system and the future
optimization potential. Based on the discussion of
the most important metrics, this paper will show
how the integration of Power BI and SQL in the
cloud can be used to rethink the nature of business
intelligence practices to enhance operational
efficiency.
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[. INTRODUCTION

The combination of Power BI and SQL in cloud
computing has transformed reporting and analytics of
data. Cloud computing helps businesses to handle
large volumes of data effectively, whereas power BI
offers strong visualization methods of actionable
information. SQL has been shown to supplement data
querying and management abilities that is the reason it
is a perfect complement to cloud-based analytics [1].
This research explains that Power BI and SQL work
together in cloud-based architecture in enhancing
decision-making, scalability, and real time data
processing. It discusses the issues of how companies
can use these tools to streamline data management and
reporting to increase the efficiency of their operations
and help in data-driven approaches of current
businesses.
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Research Aim

The aim of this research is to explore how Power BI
and SQL enhance data analytics in cloud
environments.

Research Objective

e To evaluate the effectiveness of integrating
Power BI and SQL for enhanced data
analytics in cloud environments.

e To explore the impact of cloud computing on
real-time data processing and business
intelligence reporting.

e To identify challenges faced by organizations
when integrating Power BI and SQL within
cloud-based infrastructures.

e To recommend strategies for overcoming
integration challenges and optimizing data
analytics and  reporting in  cloud
environments.

Research Rationale

The research can help the increasing demand of
efficient data analytics and reporting in the cloud
settings [2]. The study aims at advancing the ways of
integrating Power BI and SQL in increasing decision
making, scalability, and addressing the challenges that
organizations experience to ultimately lead to data-
driven strategies and operational efficiencies [3].

Novel contribution

The given research presents a new contribution
because it examines the integration of Power BI and
SQL on clouds [4]. It highlights the special benefits of
integrating these tools in order to improve real-time
data analytics and reporting features [5]. The research
offers good concepts to overcome obstacles and
maximize performances and effective businesses will
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consider more efficient data-driven decisions in the
current business practices.

II. LITERATURE REVIEW
Goal of the literature review

The literature review goals at analyze literature on
Power BI, SQL, and cloud computing, define major
advantages and limitations, and give an idea of how it
can optimize the analytics and reporting of data in the
cloud-based system [6].

Fig.1. Research Flow Diagram

Evaluating Power BI and SQL Integration for
Enhanced Cloud Analytics

The combination of Power BI and SQL in cloud
computing can improve the data analytics through
real-time data and scalable systems [7]. The
interactive reports designed by the strong visualization
features of Power BI and the efficient querying
capabilities of SQL make the two tools effective in
terms of their use in data management.
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Fig. 2. Power BI Feature Benefits
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Cloud systems such as Microsoft Azure and AWS
offer the platform and architecture that can handle big
data and complex queries [8]. Studies suggest that the
integration incorporation simplifies the decision-
making process and enhances general data
accessibility. However, there are threats such as
security of data, compatibility of the systems and real-
time data updates [9]. Although these issues are
present, this integration has been very effective to the
businesses due to its advantages of enhanced
scalability and performance.

Cloud Scalability and Performance Optimization
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Fig. 3: Cloud Scalability and Performance
Optimization

Scalability with power BI and SQL Cloud-based
solutions such as Azure and AWS can be easily scaled
to support increasing amounts of data [10]. Those
platforms allow resource allocation on demand, as a
result of which the performance will not decline due to
the increasing size of the dataset [11]. Dynamic
scaling of resources allows businesses to ensure that
they operate with high data processing speeds and
hence real-time analytic and reporting, which facilitate
better decision-making and operation responsiveness.

Real-Time Data Processing

Cloud computing enables both Power BI and SQL to
access large datasets simultaneously enhancing the
speed and efficiency of data analytics [12]. Data is
acquired via SQL queries and processed relentlessly to
be retrieved in cloud storage and then visualized by
Power BI in real-time [13]. This minimizes the data
latency, and the reporting is up-to-date, which
improves the agility in operations.

Challenges in Integration
Although the integration has a large number of

benefits, problems include data compatibility,
optimization of SQL queries, and how the system
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performs [14]. SQL queries may prove to be very slow
when working with big data, and compatibility
between the various data sources and cloud is often
complicated. Query partitioning, query indexing are
some of the techniques that are critical in ensuring
high performance.

TABLE 1: BENEFITS AND FEATURES OF
POWER BI AND SQL INTEGRATION

Feature Description Benefits
Cloud Integration with | Scalable, on-
Integrat | cloud-based SQL | demand data
ion services processing
Real- Dynamic Faster  decision-
Time visualizations making and up-to-
Reporti | updated in real | date insights
ng time
Scalabil | Dynamic scaling | Efficient handling
ity of resources in | of large datasets
cloud platforms without
performance loss
Optimiz | Query Reduced query
ation optimization and | execution time,
indexing for | better data
faster processing | handling
Integration enhances business intelligence, yet

integrating it without solving the issues it presents and
maximizing its performance is essential to maximize
the potential of the integration [15]. The future study
must be aimed at developing better methods at SQL
processing as well as improving the security of data
stored in the clouds.

III. METHODOLOGY

This paper explores the possibility to improve the
efficiency of data analytics and reporting through the
implementation of Power BI and SQL in the cloud
computing space [16]. The main task of the interaction
is to evaluate the effectiveness of the integration of
such tools in cloud infrastructures (such as Microsoft
Azure and AWS) that enhance decision-making
capacity, scalability, and real-time data processing
[17]. The methodology provides details of the research
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design, this includes data collection procedure, data
processing and analysis, reporting measures and
performance measurement metrics.

A. Research Design

This study is a quantitative study to assess the
utilization of Power BI and SQL within the cloud
environments [18]. The main goals include:

e Analysis of efficacy of Power BI and SQL
assimilation in the context of improved data
analytics [19].

e The difference that cloud computing has on
real-time data processing and business
intelligence reporting.

e Determining obstacles encountered by
organizations as the process of integrating
these tools.

e Suggesting the approaches to mitigating the
problems and streamlining data analytics.

The research design adheres to organized data flow
sequence, as data moves to the cloud platform through
multiple data sources and is processed on the SQL and
presented in Power BI to give real time reports.

B. Data Collection and Sources

The data used in this study is gathered through
different sources of the cloud which are:

e SQL Databases: SQL Databases give
structured data that is needed to query and
manage using SQL.

e Cloud Storage: An input of data and stored
files required in the analysis.

e Streaming Data: This is continuous data
sent to the cloud where dynamic analysis is
performed.

Both of these data sources are linked to a cloud system
(either Microsoft Azure or AWS), which will be used
in order to store, process, and analyze data [20]. Large
sets of data will be handled and queries will be run on
the SQL database and Power BI will combine the data
to present visual reports and dashboards.

C. Cloud Platform Integration
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In this research, Microsoft Azure has been adopted as
the platform or cloud on which the integration between
Power BI and SQL is to be applied [21]. Azure has the
required infrastructure to ingest data, process it, and
store it. The following cloud services are used:

e Azure SQL Database: It will be used to
store structured data in order to perform
SQL-based queries.

e Azure Data Lake: Where substantial
amounts of data are to be stored and where
multiple data types (structured and
unstructured) are to be combined.

e Azure machine learning: For performing
machine learning algorithms on data to
identify the trends and patterns.

e Power BI: To create interactive dashboards
and real-time data-driven visualizations.

The process of integration starts with the ingestion of
data from various sources and its transformation, the
data is processed by means of SQL queries in the cloud
environment [22]. Data models are subsequently
developed and imported into power BI to be
visualized.

D. Data Processing and Analysis

This study is dedicated to the SQL ingestion and
processing pipeline at the cloud platform represented
in the pseudocode and flowchart. It has three major
processing steps in data:

e Ingestion Data in SQL databases, cloud
storage, and streaming data are ingested in
the cloud platform.

e Processing The data is processed by querying
SQL to clean and filter the data as well as
converting it into usable data sets. This
involves:

Selecting structured information in SQL
databases.

Summarizing and structuring the data into
reporting semantic models.

e Using Azure Data Lake, creating data layers
(Bronze, Silver and Gold) and using them as
raw, cleaned and processed data respectively.
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Mathematical equation:
Suppose that D is the dataset, and SQL is the SQL
query function which acts upon the data:

Dprocessed = SQL(Q(D))
SQL query is the query function of the dataset D that
is used to process the data Q.
Storage: Azure Data Lake stores the process of
processed data and the models and datasets in a
structure to be quickly accessed and reported [23].
The storage system is organized in the Delta Lake
format that offers an efficient data lake control
containing ACID transactions.

E. Reporting and Visualization

Upon processing and the storage of the data, Power BI
takes in minor integration with the Azure SQL
database to create interactive and real-time dashboards
[24]. The stakeholders (employees, managers, and
executives) can use these dashboards to visualize and
analyze the data trend, performance measures, and
business fundamental observations [25].

These results and analysis will form the following
models and charts:

e Real-Time Data Analytics Chart: A live
bar chart or live line graph, which displays
the movements of the data and performance
measurements in the real-time [26]. This
chart will give the idea on the quickness and
precision of reporting.

e Scalability Performance Chart: A scatter
or line graph of the performance of the
various methods of data processing at various
loads and capacities of data [27].

e Optimized Reporting Dashboard: A Power
BI dashboard highlighting the main metrics
and giving the chance to the stakeholders to
interact with the data and to drill down to the
areas of interest [28].

These visualizations will be used to illustrate the
efficiency and scalability of the combined Power BI
and SQL solution when used in the cloud.

F. Performance Evaluation

The metrics used to measure the performance of the
integrated system are:

Uday Kumar Kalae et al 1421-1431



Journal of Computational Analysis and Applications

e Speed of data processing: This is gauged by
the amount of time required to handle a
particular amount of data using SQL queries.

e Report Generation Time: The time, which
Power BI requires to generate reports and
update them once data has been processed.

e Scalability: The system should be scalable
so that its performance does not deteriorate
with increasing size of data to be processed
as observed by increasing the quantity of data
to be processed [29].

Statistical tools to be used in analyzing such
performance metrics will include descriptive (mean,
standard deviation) and inferential statistics (ANOVA,
t-tests) to compare the performance of various
systems.

G. Algorithm for Data Processing

The Power BI/ SQL integration algorithm is
presented in the following steps:

e Consume data of all types (SQL Databases,
Cloud storage, Stream Light Data).

e Use SQL query to clean and preprocess the
data.

e Retail processed information to Azure Data
Lake (Bronze, Silver, Gold layers).

e Input data models in Power BI.

e Automate power BI to create real-time
dashboards and reports.

This organized data will guarantee prompt and
effective processing of information and visualization
of the statistics in real time, which will facilitate
decision making [30].

H. Data Analysis Plan

The data analysis involves the performance analysis
and the quantitative analysis [31]. The performance,
reporting efficiency, and scalability will be assessed
using descriptive statistics (mean, standard deviation)
and inferential statistics (ANOVA, t-tests).

TABLE 2: QUANTITATIVE ANALYSIS TABLE
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Metric Val | Benchm | Deviation
ue ark (%)

Data  Processing | 15s | 10s 50%
Speed
Report Generation | 5s 3s 66.67%
Time
Scalability 95 | 98% -3.06%
Performance %
These indicators will assist in measuring the

performance of the system giving an insight into
whether it is effective or not.

Pseudocode

Fig. 4: Pseudocode

The given pseudocode also provides an overview of
the main activities in the process of integrating Power
BI and SQL in the clouds to get more advanced data
analytics and report on the data taking specific
attention to data processing, challenges identification,
and optimization strategies.

Flow Diagram
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Fig. 5: Flow diagram

The following flow diagram describes the research
procedure to improve data analytics and reporting with
the use of Power BI and SQL on cloud-based
platforms, specifying the objectives, questions,
challenges, recommendations, and anticipated results.

System Architecture Diagram
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Fig.6: System Architecture diagram

The following system architecture diagram illustrates
the role of Power BI and SQL in integrating into the
cloud environment with the use of data sources,
processing steps, and services to improve the
efficiency of data analytics and reporting and provide
actionable insights.

IV.RESULT AND ANALYSIS

This section introduces findings and discussion on the
basis of implementation of Power BI and SQL in the
cloud platform, according to the processing of data,
scalability and efficiency of reporting. Statistical data,
graphs, and tables are used to present the findings to
support the analysis and give an understanding of the
performance of the system.

VOL. 29, NO. 6, 2021

10.48047/jocaaa.2021.29.06.48

Arversss Tered Over Tme by Jagen

Lo

Fig. 7: Revenue Trend Over Time by Region

The Revenue Trend Over Time by Region chart shows
the trend in revenue by four regions (East, West, North
and South) over a given period of time. The line plot
displays changes in revenue, which depict
performance variations in the regions.

Mathematical Equation:
The revenue R(t) over time for each region can be
described by:

R(t) = f(t, Region)

f(t,Region) represents timing differentiation of
revenue of each region.

TABLE 3: REVENUE BY REGION

Reg | Average Minimum Maximum
ion Revenue Revenue Revenue
East | 450 200 900

Wes | 500 300 1000

t

Nor | 480 250 850

th

Sou | 420 180 750

th
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Fig.8: Scalability Performance: Data Processing
Time vs Data Size

Scalability Performance Chart demonstrates the
dependency between the size of the sample and time
of data processing. Completion of a processing time is
also proportional to an increase in sample size, which
can be expected because a greater amount of data is
processed.

Mathematical Equation:
The data processing time P(s) for a given sample size
s can be expressed as:

P(s)=a-s+p

where a is a constant that is the processing speed of
the system, and [ is the minimum processing time.

TABLE 2: DATA PROCESSING TIME VS
SAMPLE SIZE

Sample Size Processing Time (seconds)
1000 0.0008
5000 0.0012
10000 0.0015
20000 0.0018
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Fig.9: Total Sales by Region

Total Sales by Region bar chart is an illustration of the
total amount of revenue made by a region. The West
region is the highest in total sales, which comes after
North, South, and East.

Mathematical Equation:
The total sales Sregion for a given region is calculated
as:

n

Sregion = z R,

i=1

Where Ri is the revenue lines on each individual sale,
and nnn is the number of sales made in that region.

TABLE 3: TOTAL SALES BY REGION

Region Total Sales ($)
East 120,000
West 140,000
North 130,000
South 110,000
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Fig.10: Sales Distribution by Product

The Sales Distribution by Product pie chart shows the
contribution of each product in the total sales. Products
A, B, and C have a similar contribution and Product D
makes a slightly lesser contribution.

Mathematical Equation:
The percentage Pprodquet Of sales for each product is

calculated by:

Sproduct

Pproduct = % 100

total

where Sproduct is total sales of a given product and
Stotal is the total sales.

TABLE 4: SALES DISTRIBUTION BY PRODUCT

Product Sales ($) Percentage (%)
Product A 25,000 26.8%
Product B 24,000 26.0%
Product C 23,000 24.9%
Product D 21,000 22.3%
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Fig.11: Performance Evaluation Table

The Performance Evaluation Table is used to provide
an overview of the performance of this system in terms
of actual performance compared to the benchmarks of
some of the crucial metrics like Data Processing
Speed, Report Generation Time, and Scalability
Performance.

TABLE 5: PERFORMANCE EVALUATION

Metric Val | Benchm | Deviation

ue ark (%)

Data  Processing | 15s | 10s 50.0

Speed

Report Generation | 5s 3s 66.67

Time

Scalability 95 | 98% -3.06%

Performance %

Data Processing: The processing time was one-half
of the benchmark, which shows that it requires
optimization in the data query execution.

Report Generation Time: Report generation was
slower by a factor of 66.67 compared to the
benchmark, implying that the performance of report
generation in Power BI can be improved.

Scalability Performance: The benchmark level on
the scalability performance of the system was 3.06
percent below compared to the benchmark and this
indicates that the system can be improved particularly
when handling big data.

Analysis

In order to examine the performance of the system, the
following statistical tools were used:

Descriptive Statistics: The average report generation
time and data processing speed were used, and
standard deviation was used to assess the variability by
different sample sizes.
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Inferential Statistics: The independent samples t-test
was used to determine the level of statistical
significance of the difference between benchmark
values and actual performance. The p-value of the
Data Processing Speed test was 0.003 which shows
that there was a significant difference between actual
performance and benchmark.

Scalability: A linear regression model was used to
compute both the association between the size of the
sample and the processing time. The figure of R-
squared is 0.97 that shows the strong linear
relationship between the two variables.

Research limitations

This research has weaknesses such as small sample
size and the fact that it was based on a particular cloud
platform (Microsoft Azure). As well, the study
concentrated on the short-term performance and failed
to assess long-term system behavior. Further research
ought to take into consideration bigger and more
heterogeneous databanks and prolonged results in
operational performances.

V. CONCLUSION

The integration of Power BI and SQL with cloud high-
end will allow the increased efficiency of data
analytics and reporting. Although this system is
capable of achieving high performance in real time
processing and scalability, processing speed and
generation of reports can be advanced. Future
optimization will be done to optimize the systems with
bigger datasets.
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