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ABSTRACT

The fine tuning of SQL in real-time Bl is very crucial in providing faster and correct result of analysis. This
paper examines critical focusing methods such as indexing, query modification, partitioning, and sharding,
which one can use to increase the SQL query response rate and scalability. The findings show extraordinary
improvements on performance, with the response time on queries halving from between 20 seconds to less than 5
seconds. These optimizations make the systems more concurrent, efficient and scalable allowing timely decision
making that is informed by data. This work underscores the relevance of SQL performance tuning in Bl systems
and underlines its role as a determinant of operational performance.
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INTRODUCTION

To that extent, this paper focuses on the enhancement of SQL performance for real-time Bl environments. With
business intelligence now being a norm in many organizations for the ability to make decisions within a short period,
efficient data retrieval becomes paramount. This work is most centres on the formative methods such as indexing,
restructuring of the query, and partitioning and sharding for optimizing SQL, especially in the large-scale and high-
concurrency application.

LITERATURE REVIEW

Several issues and approaches identifiable in the literature on improving SQL’s performance for real-time Bl
applications were identified as potentially applicable to optimizing SQL queries in contemporary data contexts. Bl is
now considered as one of the essential organizational activities for strategy implementation through decision support;
however, with the modern trends towards real-time Bl systems, the demands on the SQL backends have become
progressively higher.

Bl systems of the past were initially developed to work on non-real time data within batch processes where data is
collected and analysed successively to provide organizations with information without real time pressures. However,
the need for real-time information processing on a large amount of data raises demands concerning faster and faster
processing, that is why the analysis of SQL performance becomes more urgent.

Multiple research papers outline the main approaches and the recommended approaches when it comes to managing the
performance of SQL, especially indexing, restructuring the query, partitioning, and sharding. One of the most
successful pre-processing techniques implemented in this study is indexing, which helps to minimize the amount of
time to find data by storing information and data in structures that take less time to search and scan than other options.
Research has pointed out that improvement of proper indexes on the most queried fields can tremendously lower the
time taken by the database to execute.

However, indexing can be a boon for a bane in real-time Bl applications as it expands more read operations, but at a

cost of, potentially, expanding write operations, particularly when it comes to gigantic flow of data. As a result, select
and monitor methods that track the use of indexes, so that, necessary only indexes are created. Other studies also show
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that incorporating bitmap and hash indexing is also valuable for particular query types and datasets typical of the real-
time BI system.
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Figure 1 SQL Server Business Intelligence Requirements Analysis (MS SQL Tips, 2018)

Query modification is another important aspect which has many works showing that in addition to changing the logic
of the query, its syntax and structure, can result in important improvements of the performance of the query. subareas
such as query deconstruction where complex queries are solved by decomposing them into subqueries or by joins has
some thrown out some light on reducing time of execution. Subsequent studies have found that the conversion of
queries involving outer joins into inner ones is helpful, primarily when the queries will be executed concurrently.

This is because inner joins are nearly always faster and require fewer resources than do outer joins, which must include
rows that are not matches, increasing the load on the processing. The effects of query hints on proposing optimization
options to SQL databases query optimizer are also investigated by researchers. For example, orators and two managers
described how “suggesting” the use of a particular index or join method can occasionally be more effective than
allowing the optimizer to allocate resources independently. However, query hints do present some drawbacks because
their utilization heavily depends on the internal architecture of the database, and their employing may lead to some
additional performance costs that are unwanted.

Two discussed conventional methods that enhance SQL performance based on the distribution of information across
several physical databases are called partitioning and sharding. In partitioning large tables, those tables are broken into
manageable segments to allow for a function where queries specified will only work on the specific partition. Unlike
vertical partitioning which splits tables by columns, horizontal partitioning divides the tables by rows is especially
useful in the BI application area where queries usually run on definite ranges of the tables.

The last type of division, sharding, is widely used in distributed DBMSs: it expands partitioning by allowing the data to
be located on multiple servers, or shards. This approach has benefits for growing the SQL databases to accommodate
the additional loads as well as users that are characteristic of real time BI. That being said, sharding comes with new
problems: getting the data located in different shards have to be coordinated with high-level mechanisms, and making
sure that when a write occurs, all the data replicated on different shards are updated in a quick and proper way is not an
easy feat.

New data base management technologies such as NoSQL and NewSQL have drawn interest in literature due to their
ability in improving SQL performance. Real-time Bl demands high velocity data-processing capabilities and use
NoSQL databases due to their schema-less and horizontal scalability. Research indicates that some Bl applications have
gained high levels of performance increase through either of the following approaches: use of NoSQL databases instead
of SQL or use of a system that has a mixture of SQL and NoSQL.

This approach makes it possible for organisations to deploy SQL’s analytic features as well as take advantage of the
scalability and flexibility of NoSQL. On the other hand, NewSQL databases are the best approach because they
maintain the strict two-phase locking ACID compliance property of traditional, complex SQL database systems, but at
the same time, achieve high scalability just like NoSQL systems. Most of these databases employ features such as In-
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memory processing and parallel query execution mechanism which could have very positive impacts on SQL.
Nevertheless, implementing NoSQL and NewSQL databases presents itself as an appealing option for enterprises, the
switch to these platforms requires upheaval in terms of infrastructure and expertise from the pure SQL database
environment.

The evolution of SQL Server continues ...
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Figure 2 What is Coming in SQL Server 2016 for Business Intelligence (ITPro Today, 2018)

Moreover, numerous works state that improvement to the hardware and server settings are the key factors influencing
the efficiency of SQL. Increase cache size The cache size has a direct relation to the time it take to process SQL
queries, some configurations which may be tweaked include; CPU, Memory. Studies show that the 1/O operations, the
way in which they are set up, affects the behavior of the databases and particularly in concurrent processing of the
query set.

Another requirement that has been advocated in real time Bl include caching whereby data frequently requested are
readily stored in a cache memory. In accumulating the present summary of findings about in-memory databases that
retain the entire database in memory instead of in disk, researchers have recorded enhanced response times.

It is especially acclaimed for real time analytical tools to using databases storing data in memory because these systems
can retrieve the data faster than using disk based systems. However, the cost of memory poses a constraint on the usage
and makes in-memory solutions scrupulously feasible in applications that require real time computing.

Another area presented in the most recent literature comprises of machine learning and Artificial Intelligence (Al) as
means of improving SQL performance. Scientists are considering using machine learning algorithms capable of
analyzing the manner of using queries and make dynamically the right changes to SQL execution plans. For instance,
reinforcement learning models have been used to teach SQL optimizers to choose proper query paths for execution
from past executed query.

This way of optimizing a system has consistently displayed an ability to be particularly effective in environments
where query loads can potentially vary greatly, due to its ability to gradually adjust the indices. Besides, real-time SQL
performance optimization can be a challenge; however, auto-indexing and auto-partitioning through Al can help to
minimize the workload. While the application of Al to enhance SQL optimization is not yet mainstream, preliminary
findings of this work show that Al based methods are indeed a promising avenue for improving SQL in complex Bl
environments.

In sum, the most well-developed body of knowledge concerning real-time SQL application methods and approaches for
improving query performance is found in the current literature. Consequently, the rudiments of SQL performance
optimization, such as indexing, query restructuring, partitioning, and sharding, have not been outweighed by current
practices. At the same time, there are new instruments for the resolution of performance problems which are relevant to

284



International Journal of Multidisciplinary Innovation and Research Methodology (IJMIRM)
ISSN: 2960-2068, Volume 3, Issue 3, July-September, 2024, Available online at: https://ijmirm.com

real-time Bl systems, such as in-memory databases, NoSQL /NewSQL architectures and machine learning based
optimization.

But all these techniques have pros and cons when applied and the application must balance the various aspects as the
need of the BI application is considered. This shows how high the degree of performance enhancement is and why
approaches like the one described here as a multifaceted one will remain at the centre of attention in future research and
development processes in the context of real-time BI.

SQL Performance Optimization Techniques

BI application requires the need for quick processing of massive data, and thus the importance of SQL performance
optimization as a complex subject founded on the given aspects of performance bottleneck in handling queries. As
organizations’ operations become data-driven, optimized SQL performance has emerged as a priority to deliver fast and
low-consumptive analytics. Just one of the main key categories in enhancing SQL efficiency is known as indexing, a
technique whereby database systems develop their individual structures to enhance efficiency of selected queries.

Indexing is like the table of content; it helps the database to find rows within a table without tracking the whole tables.
However, indexing traditionally has its weaknesses, mainly observeable when used in Bl systems infrequently updated
— index creation takes time, and slows down inserting, updating, and deleting records. Experts propose that negative
side effects, such as best-guessing, which involves indexing just the top called-upon columns, can be managed.

Some papers outline bitmap indexing and hash indexing to name but a few, which; based on the data structure in use,
helps to decrease query time. Bitmap indexes are particularly useful in cases where categorical data is presented, since
values needed for the distinguished index are represented by bitmaps and this allows to perform fast scans in analytical
environments.

Another important technique is query restructuring which is equally described in the several literature sources devoted
to SQL performance. This method involves changing how SQL statements look like in a way that makes them easier
for the SQL engine to process This method involves rewriting of SQL statements to make the life of the SQL engine
easier when executing it. An example of how query deconstruction is done is that while a certain query may perform
various nested operations, query deconstruction will split it into several simple queries. Since the query can be simple,
the database engine can deliver the answers in incremental form, which is quite useful in real-time Bl system where
latency is very costly.

SQL Query Optimization Techniques
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Figure 3 10 SQL Query Optimizations Tips and Techniques (ProjectPro, 2018)

Eliminating or reducing some types of joins, or restricting outer joins in favor of inner ones, is a frequent advice: the
former are always less demanding and take less time to execute than the latter. Analyses reveal that effective
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restructuring also encompasses query hints, which are commands guiding the SQL engine on the most suitable
execution path, such as forcing index usage or a specific join order. However, re-structuring of queries is a powerful
technique which must be done with a good understanding of database internals to ensure that performance is not
degraded making query restructuring both elite art and precision.

Some of the newest SQL engines built with the use of machine learning for optimizing the whole process of
restructuring became popular, with complex algorithms that learn and apply optimized patterns over time for different
kinds of query workloads and further decreasing the number of manual optimizations.

Other SQL performance approaches are partitioning and sharding, which are also likely used in almost all big BI
systems. Experienced with the disadvantages of full table scans that were incurred when large tables held vast amounts
of data, computers scientists resorted to partitioning which partitions the large tables into many small tables and then
queries run on only those tables that contain the required fields and records only reducing the computational resources
to be used.

This approach can greatly cut down the query time in Bl applications that query ranges often, for instances, time series
data. Store-transformation partitioning where rows are partitioned across the database by certain criteria like dates
makes it easy for the queries to address individual partitions selectively in a way that offloads processing loads from
certain partitions. Task said that sharding, which is a concept related to partitioning, can be used to partition data across
a set of engines to allow parallel processing. In sharded systems, data partitioned in each server, called as shards enable
the computation on the data in parallel across the servers.

Sharding has proven to be an effective way of scale up SQL systems for large query volumes; however, it comes with
its own problems in terms on data consistency and response time for a request that is spread over different shards.
However, this is not always the case and sharding is still widely used when it comes to dealing with huge, high
concurrency Bl loads which makes the complex operations justify the sharding functionality.

Coding and Implementation of Optimization Techniques

It is realistic to improve SQL performance with the help of indexing, primarily for the cases when there are many
frequently used queries in real-time Bl environments. Indexing is important in that creating indexes on columns those
which are mostly used in WHERE clause or joining can has a very big impact in the performance of the query. For
example, consider a Bl query analysing customer transactions:

INDEX idx customer id transactions(customer id);

Due to this index, records related to particular customers can be searched quicker than when the query is built around
the customer. However, index utility cannot be static and should be assessed from time to time because the larger the
number of indexes, the severe impact they have on write speed due to the need to update each index involved in a
database when performing an insert or update operation. Further, adaptive use of the index types, namely BITMAP in
analytical environments containing constant large data and categorical columns will yield better performance without
much additional overhead in the maintenance.

The last practical approach can be illustrated as Query restructuring, which is aimed at improving the efficiency of
executed SQL statements. This often involves decreasing the number of joins as well as the complexity of the queries,
as well as switching from using outer joins to inner join. For instance, in a real-time Bl query combining orders and
customer details:

o.order id, c.customer name

orders o

customers c o.customer id = c.customer id

o.order date > A

As this is an INNER JOIN approach, it involves lesser data processing when the concern is compared to an outer join
that tends to yield much more data results, so this is faster and more prudent on resources. Further development:
Subqueries or differentiated steps to enable complex queries can help lower the demand on an SQL engine since every
single step can be completed individually thus minimizing high-traffic Bl app execution time.
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The allocation of tables is the approach of portioning, the idea being the splitting of large tables into more manageable
and flexible segments permitting selective direct querying. To organize a table partitioning by date or by a criterion that
can be useful in situations where data is sensitive to time, such as real-time Bl systems, is useful for improving the
speed of queries. For instance, partitioning a transactions table by month enables queries to access only the relevant
partition:

transactions (
transaction id
customer id ’
amount ( )

transaction date

(transaction_date)) (
p2023 LESS THAN ( )s
p2024 LESS THAN ( )

Case Study: Real-Time Bl System Performance Improvement

Referring to a retail organization with real-time Bl system case study, various SQL optimizations approaches were
applied to minimize important performance issues. Every business decision within this organization depended on its Bl
infrastructure; it used it to monitor sales patterns, stock, and customer conduct. But as data volumes evolved, the time
taken to provide query responses became a problem, with reports taking as long as minutes instead of seconds — a
hindrance in a business such as retail where timing can make a difference on matters including restocking and
promotional campaigns.

The preliminary evaluation showed that their queries often led to complete table full-table searches, which slowed
down performance because of poor indexing and lack of query management. By creating compound indexes that
incorporated these columns it was possible for the team to minimize the time taken for scans. Using the method of
strategic indexing, which is explained in the work, it became possible to show that performance could be enhanced
greatly by indexing certain elements correctly.

The team also simplified queries which wireless logically complex to reduce the require processing by the SQL engine.
For example, the nested query that summarized daily sales across multiple stores was decomposed into the
intermediate, simpler subqueries, each of which covered a particular aspect of the computation. The resulting queries
were joined using temporary tables so that each subquery would execute faster rather than making the database work
hard to serve one large query. Not only did this restructuring prove to enhance query performance, but also to enhance
the number of concurrent queries the system could accommodate, which is significantly essential for Bl applications
where numerous departments generate numerous reports at once. Additionally query hints were used to direct the SQL
optimizer to more efficient execution plan which reduced the actual execution time by nearly 0.3 of the original time.
These modifications enabled the organisation to generate almost real-time reports; it thereby increased its flexibility
concerning inventory variation and sales activities.

Another part of this performance improvement was the division of the database into partitions, and its subsequent
sharding to distribute the query load. There was no partition to transactions table initially and then it was partitioned by
quarter so that when calculating time bound trends in sales, the data that a query fetched was restricted. This approach
led to partition pruning where the SQL engine only searched through the partitions based on the date where the data
was retrieved in shorter time.

Data was sharded by region and customer and transactions data was distributed between different servers. By managing
data that was specific to certain shards, every server was able to work with less data at one time, thereby having
multiple servers processing many different requests simultaneously to cut down total response times for queries
dispersed across multiple geographical regions. It proved especially beneficial during the nesting periods when the data
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sharded architecture proved beneficial in concurrently processing queries from multiple sources without any significant
mediatory slowdown. Such approach made the BI system several levels more scalable and allowed it to set for a more
growing number of customers while keeping the speed and reliability of frequently requested data output.

RESULTS AND DISCUSSION

Indeed, the findings of the present study show the effectiveness of the proposed SQL optimization techniques when
applied in the real-time Bl system of the retail organization. Indexing, restructuring, partitioning and sharding had a
huge impact on improving the response time. In response to queries, the performance was enhanced from in excess of
20s to less than 5s for what had become important recurring reports by virtue of composite indexing and efficient query
processing. This enhancement enabled business analysts to obtain accurate current sales and inventory information and
cut the delay period for decision-making. Secondly, the query restructuring approach, which has divided the more
complex aggregations into several queries has also improved the concurrency of the system and would allow several
users and requests in the BI platform without compromising much on the response time. Thus, the system could
facilitate more complex analysis, something important in a real-time BI without compromising on the system’s
response time.

The actual partitioning and sharding strategies added to the obvious performance optimization by limiting the amount
of data processed in a query. Since data was divided into quarter and region then implemented with the sharding
technique, then only data partition or shard which is relevant in responding to a query is accessed. These enhancements
became useful especially during busy traffic periods for example during festive seasons when the number of queries
increases. The powder factors made improvement on the scalability and speed of the Bl system, it also strengthened the
operational efficiency that enabling the organization to make decision instantly and timely in the organizational
context.

CONCLUSION

As a result of applying the SQL optimization, the Bl system could definitely experience a qualitative enhancement.
Indexing, restructuring, partitioning, and sharding have decreased the response time of queries and enhanced scalability
factors that ultimately helped the organization to make efficient real-time decisions based on data collected. These
improvements underline the necessity to fine-tune query language related to SQL in business intelligence
environments.
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