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Abstract— In a web application, communication between the 
application and the database server is one of the most resource 
intensive operations which therefore requires optimization. 
Database optimization is a challenging task where even a minor 
change can have a big impact on overall application 
performance. Prepared statements bring two main advantages: 
security and consistency. They are often considered to also have 
a performance advantage but, in this paper, it will be shown how 
prepared statements can have decremental performance 
impact, and when they should and should not be used if 
resources and performance is a concern. 
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I. INTRODUCTION 

The goal of this paper is to analyse performance of the 
SQL prepared statements [1][2] compared to the regular SQL 
statements to determine an optimal use case for prepared 
statements. SQL is a well-known language for accessing and 
manipulating databases [3][4]. There are lot of challenges in 
data manipulation using SQL on different types of database 
engines [5]. Results of this paper can be used as a starting 
point in further database optimization research regarding 
prepared statements implementation outside of the simple 
CRUD operations [6], in a more complex query structures. It 
can also be used as a reference for application developers. 
Performance of prepared statements will be compared against 
the standard SQL and standard multi-SQL statements for each 
CRUD (Create, Read, Update, Delete) database operation [7]. 

II. PREPARED STATEMENTS 

Prepared statement is a database feature used to execute 
the same SQL statement multiple times very efficiently and to 
protect against SQL injections [8][9]. This feature takes 
advantage of the efficient client-server binary protocol and is 
mostly used for database CRUD operations. 

Executing a prepared statement consists of preparation and 
execution stage. In a preparation stage a statement template is 
sent to the database server for syntax check, parsing, 
compiling and internal resource allocation: 

INSERT INTO users VALUES (?, ?, ?) 

Fig. 1. Example of the SQL prepared statement template 

A question mark in Fig.1. is called anonymous parameter 
placeholder. After the preparation the template is ready for 
execution, but has not yet been executed. Next stage is the 
execution. During the execution the client binds parameter 
values and sends them to the database server. 

If the underlying database management system does not 
support the prepared statements, many programming 

languages support them by emulating prepared statement 
features on the client side. Emulated prepared statements are 
faster for SQL queries that are executed only once, since the 
number of round trips to the database server has been reduced. 

III. METHODOLOGY 

Each performance test writes or reads one thousand rows 
to or from the database using three methods: standard SQL 
query, standard multi-SQL query, and prepared statements 
query. Prepared statements multi-SQL method can have a 
limitation in number of placeholders a prepared statement can 
contain, which is server dependent and can result in following 
error: “Prepared statement contains too many placeholders”, 
therefore this method has limited practical application on large 
datasets and for that reason was not considered in this paper. 
Dataset size of one thousand was selected due to two reasons: 
performance intersections between different methods happen 
after only couple of executions, and larger data sets takes 
considerably more time. After each test, database was 
recreated to eliminate any performance oscillation problems 
which occurred when additional thousand rows were written 
to the existing database entity. Entity contains attributes as 
shown in Fig.2. Each value is a randomly created string. 

(users) = {userID, firstName, lastName, email} 

Fig. 2. Database entity structure 

Total execution times for standard and prepared SQL 
queries are recorded incrementally from the start of the script 
execution. Execution times of the multi-SQL queries are 
recorded for each query because one multi-SQL query result 
is equivalent to specific number of observed executions of the 
standard or prepared SQL queries. 

Memory consumption was measured by the PHP script. 

Performance tests were executed via PHP script on a 
server computer with the following specification: Cloudlinux 
OS v1.3, PHP v7.4.24 and 10.3.31-MariaDB database. PHP 
memory_limit parameter was set to 256M. 

IV. PREPARED STATEMENTS INSERT PERFORMANCE 

Each new row value is a randomly created string using the 
following PHP functions: 

substr(str_shuffle(md5(microtime())), 0, 8); 
substr(str_shuffle(md5(microtime())), 0, 8); 
substr(str_shuffle(md5(microtime())), 0, 17); 

Fig. 3. Methods used for generating random data 

Commands in Fig.3. were defined inside a special function 
which was executed on every loop pass. Measured execution 
time was affected by this function equally for all 



measurements. SQL multiple-values syntax was used in the 
standard multi-SQL measurements. 

When executing only one INSERT query [10], standard 
SQL completed in 0.7 ms, compared to 0.8 ms for prepared 
statement query, which is a 12.5% shorter execution time. 
Better performance of a standard SQL query for single query 
execution can be explained by an extra round trip to the 
database server required by the prepared statement method. 
Execution times for the first five queries are shown in Fig. 4. 

 
Fig. 4. Execution times for the first 5 insert queries 

For SQL INSERT operations, benefits of using prepared 
statements are visible after two or more consecutive queries, 
compared to standard SQL queries. Total execution times for 
the first five insert queries are shown in table I. 

TABLE I.  TOTAL EXECUTION TIMES AND PERFORMANCE GAINS 
FOR THE FIRST FIVE INSERT QUERIES 

Method 
Time 
[ms] 

Difference 
[%] 

Standard SQL 1.7 - 

Prepared statement 1.2 -29.41 

Standard Multi SQL 0.2 -88.24 

 

Results for one thousand queries are shown in Fig. 5. 
Results follow the same trend as the first five queries. 

 
Fig. 5. Execution times for one thousand insert queries 

Total execution time for one thousand INSERT operations 
is shown in table II. 

TABLE II.  TOTAL EXECUTION TIMES AND PERFORMANCE GAINS 
FOR ONE THOUSAND INSERT OPERATIONS 

Method 
Time 
[ms] 

Difference 
[%] 

Standard SQL 157.5 - 

Prepared statement 80.9 -48.63 

Standard Multi SQL 13.6 -91.37 

 

For SQL INSERT command the most efficient method 
regarding execution time is the standard multi-SQL query. 

When comparing these three method’s memory 
consumptions, standard multi-SQL method has the smallest 
memory consumption of 388.67 kB. As shown in Fig. 6, both 
standard (417.34 kB) and prepared statement (418.19 kB) 
methods use approximately the same amount of memory for 
all observed query volumes, averaging ~0.25% performance 
gain in favour of standard SQL queries 

 
Fig. 6. Memory consumption for one thousand insert queries 

Standard multi-SQL method, for one thousand SQL 
INSERT operations, used 7.06% less memory and 83.19% 
less time (5.9 times faster) than the prepared statement 
method. 

V. PREPARED STATEMENTS SELECT PERFORMANCE 

Database entity was prepopulated with one million rows 
over which SELECT SQL queries were executed [11]. All 
SELECT statements searched for random one thousand rows 
by primary key value. SQL IN condition was used in the 
standard multi-SQL measurements. 

When executing only one SELECT query, standard SQL 
completed in 0.5 ms, compared to 0.6 ms for prepared 
statement query, which is a 16.67% shorter execution time. 
Execution times for the first five queries are shown in Fig. 7. 

It is shown that benefits of prepared statements are visible 
for three or more consecutive SELECT queries, compared to 
standard SQL queries. Total execution times for the first five 
select queries are shown in table III. 

TABLE III.  TOTAL EXECUTION TIMES AND PERFORMANCE GAINS 
FOR THE FIRST FIVE SELECT QUERIES 

Method 
Time 
[ms] 

Difference 
[%] 

Standard SQL 1.5 - 

Prepared statement 1 -33.33 

Standard Multi SQL 0.2 -86.67 



 
Fig. 7. Execution times for the first 5 select queries 

Results for one thousand select queries are shown in Fig. 
8. 

 
Fig. 8. Execution times for one thousand select queries 

Total execution time for one thousand SELECT operations 
is shown in table IV. 

TABLE IV.  TOTAL EXECUTION TIMES AND PERFORMANCE GAINS 
FOR ONE THOUSAND SELECT OPERATIONS 

Method 
Time 
[ms] 

Difference 
[%] 

Standard SQL 401 - 

Prepared statement 217.7 -45.71 

Standard Multi SQL 8.3 -97.93 

 

For SQL SELECT command the most efficient method 
regarding execution time is the standard multi-SQL query. 

When comparing memory consumptions, standard multi-
SQL method has the smallest memory consumption of 352.77 
kB. As shown in Fig. 9., both standard (416.59 kB) and 
prepared statement (416.9 kB) methods use approximately the 
same amount of memory for all observed query volumes. 

Standard multi-SQL method, for one thousand SQL 
SELECT operations, used 15.38% less memory and 96.19% 
less time (26.2 times faster) than the prepared statement 
method. 

 

 
Fig. 9. Memory consumption for one thousand select queries 

VI. PREPARED STATEMENTS UPDATE PERFORMANCE 

Database entity was prepopulated with one million rows 
over which UPDATE SQL [12] queries were executed. 
Updates are done on one entity attribute. All UPDATE 
statements updated a random one thousand rows by primary 
key value. SQL CASE and IN commands combination was 
used in the standard multi-SQL measurements. 

When executing only one UPDATE query, standard SQL 
completed in 0.5 ms, compared to 0.6 ms for prepared 
statement query, which is a 16.67% shorter execution time. 
The same result has been observed in SELECT queries. 
Execution times for the first five queries are shown in Fig. 10. 

 
Fig. 10. Execution times for the first 5 update queries 

It is shown that benefits of prepared statements are visible 
for three or more consecutive UPDATE queries, compared to 
standard SQL queries. Total execution times for the first five 
UPDATE queries are shown in table V. 

TABLE V.  TOTAL EXECUTION TIMES AND PERFORMANCE GAINS 
FOR THE FIRST FIVE UPDATE QUERIES 

Method 
Time 
[ms] 

Difference 
[%] 

Standard SQL 1.6 - 

Prepared statement 1.2 -25 

Standard Multi SQL 0.4 -75 

 

Results for one thousand update queries are shown in Fig. 
11. 



 
Fig. 11. Execution times for one thousand update queries 

Total execution time for one thousand UPDATE 
operations is shown in table VI. 

TABLE VI.  TOTAL EXECUTION TIMES AND PERFORMANCE GAINS 
FOR ONE THOUSAND UPDATE OPERATIONS 

Method 
Time 
[ms] 

Difference 
[%] 

Standard SQL 214.9 - 

Prepared statement 170.1 -20.85 

Standard Multi SQL 40.2 -81.29 

 

For SQL UPDATE command the most efficient method 
regarding execution time is the standard multi-SQL query. 

When comparing memory consumptions, standard multi-
SQL method has the largest memory consumption of 428.49 
kB. As shown in Fig. 12., both standard SQL (416.27 kB) and 
prepared statement SQL (416.66 kB) methods use 
approximately the same amount of memory for all observed 
query volumes. 

 
Fig. 12. Memory consumption for one thousand update queries 

Standard multi-SQL method, for one thousand SQL 
UPDATE operations, used 2.76% more memory and 76.37% 
less time (4.2 times faster) than the prepared statement 
method. Memory consumption can be explained by the extra 
step necessary to prepare SQL CASE statements. 

VII. PREPARED STATEMENTS DELETE PERFORMANCE 

Database entity was prepopulated with one million rows 
over which DELETE SQL [13] queries were executed. All 
DELETE statements deleted rows by random primary key 

value. After each test, entity was recreated and repopulated. 
SQL IN condition was used in the standard multi-SQL 
measurements. 

When executing only one DELETE query, standard SQL 
completed in 0.7 ms, compared to 0.8 ms for prepared 
statement SQL query, which is a 12.5% shorter execution 
time. Execution times for the first five queries are shown in 
Fig. 13. 

 
Fig. 13. Execution times for the first 5 delete queries 

It is shown that benefits of prepared statements are visible 
for two or more consecutive DELETE queries, compared to 
standard SQL queries. Total execution times are shown in 
table VII. 

TABLE VII.  TOTAL EXECUTION TIMES AND PERFORMANCE GAINS 
FOR THE FIRST FIVE DELETE QUERIES 

Method 
Time 
[ms] 

Difference 
[%] 

Standard SQL 2 - 

Prepared statement 1.6 -20 

Standard Multi SQL 0.3 -85 

 

Results show that prepared statements have least benefits 
when used for the first couple of DELETE queries, compared 
to benefits in other CRUD operations. Results for one 
thousand queries are shown in Fig. 14. 

 
Fig. 14. Execution times for one thousand delete queries 

Total execution time for one thousand DELETE 
operations is shown in table VIII. 



TABLE VIII.  TOTAL EXECUTION TIMES AND PERFORMANCE GAINS 
FOR ONE THOUSAND DELETE OPERATIONS 

Method 
Time 
[ms] 

Difference 
[%] 

Standard SQL 279.2 - 

Prepared statement 121.7 -56.41 

Standard Multi SQL 17.2 -93.84 

 

For SQL DELETE command the most efficient method 
regarding execution time is the standard multi-SQL query. 

When comparing memory consumptions, standard multi-
SQL method has the smallest memory consumption of 352.56 
kB. As shown in Fig. 15., both standard (417.77 kB) and 
prepared statement (416.7 kB) methods use approximately the 
same amount of memory for all observed query volumes, 
averaging ~0.25% performance gain in favour of standard 
SQL queries. 

 
Fig. 15. Memory consumption for one thousand delete queries 

Standard multi-SQL method, for one thousand SQL 
DELETE operations, used 15.39% less memory and 85.87% 
less time (7.1 times faster) than the prepared statement 
method. 

VIII.  CONCLUSION 

The database server listens for connections on a TCP/IP 
port or a local socket [7]. The server has limited hardware 
resources to serve the incoming requests, and a software limit 
defined in the max_connections variable. Using server 
resources for two round trips required by the prepared 
statement method can have a great impact on performance. 
Prepared statements, performance wise, should not be used for 
simple SQL queries. In those situations, standard and standard 
multi-SQL statements should be used. 

Standard multi-SQL method is faster than prepared 
statements by 83.19% for INSERT, 96.19% for SELECT, 
76.87% for UPDATE and 85.87% for DELETE SQL queries. 

Prepared statements offer security and consistency. These 
benefits need to be compared and evaluated against 
performance impact on a project basis for optimal results, as 
using prepared statements might not be an optimal solution 
[14]. 

Further research can be done on more complex SQL 
queries, or larger data sets and in a different environment, 
using a different server setting. Varying those parameters may 
cause performance inflection points elsewhere. 
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