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The theses investigates SQL optimization techniques essential for enhancing query performance, reducing
resource consumption, and ensuring efficient data retrieval in large-scale database systems. It outlines seven key
strategies: avoiding functionson WHERE columns to leverage indexes, partitioning large tables for faster searches,
filtering data early to minimize processing, utilizing indexes for frequent queries, applying TOP (LIMIT) for testing,
optimizing ON clauses in joins, and avoiding unnecessary DISTINCT operations.

These methods enhance query execution speed, scalability, and system performance in big data environments.
Practical examples and common pitfallsare highlighted, providing actionable insights for database administrators
and developers to build responsive, resource-efficient applications while managing complex queries and large
datasets effectively.
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SQL optimization is crucial for improving query performance, reducing resource consumption, and ensuring
faster data retrieval [1]. By efficiently structuring queries, databases can handle large datasets more effectively,
minimizing the time taken for processing and enhancing the overall system performance [2]. This helps in achieving
more responsive applications, especially when dealing with complex operations or large volumes of data. Proper
optimization ensures that queries execute quickly, making the system scalable and able to handle increasing
workloads without sacrificing performance. The top seven SQL optimization techniques include:

1) Avoid Functions on WHERE Columns.

Using functions on columns in the WHERE clause can prevent Sybase 1Q from utilizing indexes effectively,
which forces the database to performfull table scans, leading to slower query performance.

SELECT *
FROM sales
WHERE YEAR(sale_date) = 2025;

YEAR(sale_date) applies a function to the sale_date column, and Sybase IQ might not use an indexon sale_date.
Avoid Functions on Indexed Columns. Instead, rewrite the query to perform a direct comparison.

SELECT *
FROM sales
WHERE sale_date BETWEEN ‘2025-01-01° AND 2025-12-31°;

2) Partition Large Tables.
Partitioning improves performance by distributing the data across smaller, more manageable physical blocks,
which makes searches faster and more efficient when querying specific ranges of data.
To partition a table by date, for example, you might partition it by month or year. This way, queries filtering on
the sale_date column will only scan the relevant partition.
CREATE TABLE sales (
sale id INT,
sale date DATE,
amount DECIMAL(10, 2)
)
PARTITION BY RANGE (sale date)
(PARTITION p2020 VALUES LESS THAN 2023-01-01",
PARTITION p2021 VALUES LESS THAN 2024-01-01",
PARTITION p2022 VALUES LESS THAN 2025-01-017);



Queries that filter by year can take advantage of partitioning by scanning only the relevant partition. This
minimizes unnecessary 1/0 operations and leads to faster query execution and improved overall performance.

SELECT *
FROM sales
WHERE sale_date BETWEEN ‘2024-01-01° AND 2024-12-31;

3) Filter Early
Filtering early in the query reduces the size of the data being processed, which can lead to significant
performance gains. Apply WHERE filters as early as possible, especially before joins or aggregations.

SELECT customer_name, SUM (amount)

FROM customers

JOIN orders ON customers.customer_id = orders.customer_id
WHERE orders.status = ‘completed’

GROUP BY customer_name;

Filtering the orders table first reduces the amount of data involved in the join operation.

SELECT customer_name, SUM(amount)
FROM customers
JOIN (
SELECT customer_id, amount
FROM orders
WHERE status = ‘completed’
) AS filtered orders ON customers.customer_id = filtered_orders.customer_id
GROUP BY customer_name;

4) Use Indexes
If you often query by email in the customers table, create an index on that column. Queries filtering by email
will use the index, significantly improving query performance.

CREATE INDEX idx_email ON customers(email);
SELECT *

FROM customers

WHERE email = ‘bob@example.com’;

That being said, too many indexes can slow down insert and update operations because the inde xes must also be
updated. Choose only relevant columns to index, especially those involved in frequent filtering and joining
operations.

5) TOP (LIMIT)

TOP is useful for testing and to limit the result set in exploratory queries. It helps prevent full table scans and
large result sets during query development.

SELECT TOP 10 *
FROM employees;

6) Filter early in ON clause

A LEFT JOIN ensures that all rows from the left table (e.g., employees) are returned, even if there is no
matching row in the right table (e.g., departments). If there is no matching row in the right table, the columns from
the right table are filled with NULL values. The WHERE clause is used to filter rows after the join has been
completed. It is applied to the final result set, which means it comes into play after SQL performs the join operation
and has already combined the rows from multiple tables.

SELECT e.name, d.department_name
FROM employees e
LEFT JOIN departments d
ON e.department id = d.department_id
WHERE d.department_name = ‘Engineering’;

The ON clause is used to specify the join condition itself. It dictates how the rows from the two tables are
combined. The condition d.department name = ‘Engineering’ is part of the join condition itself, which means only
the rows where the department is ‘Engineering’ are considered for joining with the employees table.



SELECT e.name, d.department_name
FROM employees e

LEFT JOIN departments d

ON e.department id = d.department_id
AND d.department_name = ‘Engineering’;

The ON clause can be used to filter data before the join operation happens, so that unnecessary rows from the
right table are excluded from the join process. This can help improve performance because you limit the amount of
data being processed during the join. It also ensures that the result of a LEFT JOIN includes rows fromthe left table
even if there is no match in the right table (i.e., it can preserve rows from the left table with NULL values in the
columns of the right table)

7) Avoid DISTINCT when unnecessary
The query selects unique combinations of department_id and the count of active employees in each department.

SELECT DISTINCT department_id, COUNT(*)
FROM employees

WHERE status = ‘active’

GROUP BY department_id;

DISTINCT is unnecessary when you’re already using GROUP BY. The GROUP BY will automatically ensure
that you get one row per department_id, so there’s no need to add DISTINCT.

SELECT department_id, COUNT(*)
FROM employees

WHERE status = ‘active’

GROUP BY department_id;

Using DISTINCT is very resource-intensive because it requires the database to sort and remove duplicate rows,
which can increase processing time and memory usage, especially on large datasets.

In conclusion, optimizing SQL queries is crucial for maintaining efficient and scalable database performance,
especially as data volumes increase. By employing strategies such as avoiding functions on WHERE columns,
filtering early, using indexes, partitioning large tables, avoiding DISTINCT when unnecessary, and limiting data for
testing, you can significantly enhance query performance and reduce resource consumption. These techniques help
ensure that your database can handle complex queries and large datasets swiftly, leading to faster response times,
improved user experience, and overall better system performance.

References
1. "SQL Performance BExplained" by Markus Winand, 2012.
2. "Joe Celko’s SQL for Smarties: Advanced SQL Programming" (The Morgan Kaufmann Series in Data
Management Systems) by Joe Celko, 2005.

DOI 10.34132/mspc2025.01.14.26

bozoan Compakoe
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AHAJII3 JAHHX SQL JIVIA OITHMI3AL[II BEJTHKHX JIAHUX: HAHKPAII[I ITPAKTHKH TA
HIIBOJHI KAMEHI

Jocnioocenns poszensioae mexuiku onmumizayii SQL, eadcaugi 0as nio8uwyeHHs nPoOYKMUGHOCHI 3aNnumis,
3MEeHUleHHs. CNOJMCUBAHHA pecypcie ma 3abe3neyents ePeKmusHo20 OMPUMAHHA OAHUX Y BeNUKUX 6aA3aX OaHUX.
Busnaueno cim xaovoeux cmpameziu: ynuxuenns @ynkyiti 'y cmosenysx WHERE o0ns euxopucmanhs inoekcis,
napmuyiony8aHHs 8eIUKUX MAOAUYL OJIS1 WEUOWO20 NOWYKY, PAHHA Qinbmpayis Oanux 0/ 3MeHuweHHs 00poOKU,
BUKOpUCAHHA THOeKci6 0 uacmux 3anumie, 3acmocysanns TOP (LIMIT) ons mecmysanns, onmumizayis ymoe
ON y 3’eonannax ma ynukuenns nenompionozo DISTINCT.

Lfi memoou nidsuwyiomo weUOKICIMb BUKOHAHHA 3aNUMIE, MACuMado8anicmy i NPOOYKMUBHICHb CUCTIEMU Y
cepedosuujax eeaukux oawux. Hasedeno npaxmuuni npuxiadu ma munosi ROMUIKU, WO HAOQAIOMb KOPUCHI



pexomenoayii aominicmpamopam 6a3 0aHux i po3poOHUKAM Ol CMBOPEHHS WEUOKUX, ePeKMUBHUX 3ACMOCYHKIG
npu pobomi 3i CKIAOHUMU 3ANUMAMU A BETUKUMU HAOOPAMU OAHUX..

Kniouoei cnosa: onmumizayis SQL, eéenuxi Oawi, npoOyKmueHicmv 3anumie, iHOEKCY8AHHsA, PO30iNeHHA HA
yacmuny, Mmacwmabosanwicms 643 OAHUX, OMPUMAHHA OAHUX, eeKmuHicmb 3anumis, HANAULINYBAHHSA
npoOYKMUBHOCII.
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