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Abstract

With the evolution and adaptation of object-oriented mechanisms, the majority of software developers in this millennium have
access to a multitude of contemporary software tools and services. When creating contemporary software, object-oriented
mechanisms have helped certain processes, like stored procedures. An infinite number of programs can share a stored procedure,
which is a previously run Structured Query Language (SQL) that is kept in the database for use in a specific application.
Programming applications to run on remote servers and be downloaded onto a user's device via the Internet is known as software
development. Creating software requires a lot of work and the blending of various styles and methods. A web browser like
Google Chrome, Safari, or Mozilla Firefox can be used by an end user to access software. The syntax for writing stored
procedures in software development is a collection of SQL statements that are kept in the system backend and have a specified
name and purpose that can be shared by several programs. Since stored procedures only need to be written once, using them can
help with data integrity preservation, productivity gains, and access control over what end users can enter or modify. It's never
easy to achieve modularity, scalability, and tail tolerance in modern software. Therefore, the importance of stored procedures
cannot be overstated. Achieving modularity, scalability and tail tolerance in modern software is always a difficult task. Hence the
need for stored procedure cannot be under estimated. This paper unveils the relevance of stored procedure in building scalable
and modular software.
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1. Introduction

The range of digital technologies enabling new levels of
operational capacity and business reach is a recurring theme
across numerous market sectors. Fine-grained code reuse,
low-coding tools, and software development tools like stored
procedures in database management systems are all included
in the definition of modern software development. A group of
named Structured Query Language (SQL) commands that are
saved in a relational database management system together

for future reuse and sharing by various programs is called a
stored procedure. One of the many advantages of stored pro-
cedures is that they have the ability to access and modify data
in a database without being restricted to a particular database
or object. A subroutine that linked relational database system
applications can access is called a stored procedure. Because
stored procedures are collections of SQL and programming
commands that carry out extremely specific tasks, they must
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be called or invoked. Most relational database system like
SQL Server, Oracle, MySQL and others gives adequate
support for stored procedure [1].

A section of declarative SQL statements kept inside the
database catalog is called a stored procedure. Triggers, other
stored procedures, and programs like Java, Python, and PHP
can all call a stored procedure. Recursive stored procedures
are those that call themselves from within the stored proce-
dure. Recursive stored procedures are supported by the ma-
jority of database management systems. Nevertheless,

MySQL's support for it is lacking. It is advisable to verify the
version of MySQL you are using prior to introducing recur-
sive stored procedures in MySQL. An example of a stored
procedure that receives a parameter, runs a query, and return
the query results / outputs is shown in Figure 1 below. To be
more precise, the stored procedure matches the Employee
Record primary key with Business-ID that receives as a pa-
rameter. It will return the requested employee from the em-
ployee table.

Stored Procedure Name
Create Procedure Employee Record > || Procedure
AS Identity
Begin
SET NOCOUNT ON — Select Statement
SELECT Business-ID, \
National-ID,
Login, . Fields to select — 3 Execution
Tob-Title. Process
Employment-Date
FROM Employee Table P The criteria used
WHERE Business-ID=(@Business-ID-"]
END
\\\\. Output is return || Execution
Output

Figure 1. Stored procedure syntax for an employee.

Stored procedures are called for action when an application
needs to use relational database information to accomplish a
complex task [2]. A loan application to assess a customer's
creditworthiness and ability to repay debt could serve as an
example. The loan officer uses a 24-month period's average
monthly income and his monthly account withdrawal total to
determine the customer's ability to repay the loan [2]. The
loan officer provides the customer's ID or social security
number to a credit reporting website in order to confirm cre-
ditworthiness. The two aforementioned actions are intricate
and challenging to complete with simple SQL commands.
Furthermore, different customer information is linked to each
action in the customer loan approval process, even though the
same action may be carried out at different times for different
customers (i.e., the same action is repeated multiple times).

2. Concepts of Software Development

Today's software development refers to creating programs

and applications that utilize every advancement in technology.

To optimize the advantages, it makes use of the various ar-
chitectures, services, and capabilities that are available [3].
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Stored procedure principles, which emphasize data storage
and security for continuous delivery of new functionality, are
widely used in modern software development. These guide-
lines are used for both small software products created by
individual and large software products created by large team
[4]. In order to be more innovative and to provide products
and solutions more quickly, modern organizations are looking
to leverage digital technologies. Along with increasing
productivity and personalization, these technologies also
make interactions and experiences more engaging [4]. An
organization's boundaries are no longer limited to actual
bricks but rather extend to an edge that bends in accordance
with its end points. DevOps and other foundational processes
are centered on establishing a new cooperative relationship
that is advantageous to the software process as a whole. The
swift, reliable, and release of software with increased fre-
quency and control mechanism is implicit in that goal. A new
set of regulations has forced software developers to adapt and
evolve with a plethora of new tools and services at their dis-
posal. Increased automation support, self-service provisioning,
and a wider range of training services are all included in these
tools.
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2.1. Concepts of Stored Procedures in MySQL

The most well-known open source RDBMS, MySQL, is
utilized extensively by businesses and the community alike. It
did not, however, support stored procedures, stored functions,
triggers, or events during the first ten years of its life. These
features were added to the MySQL database engine in version
5.0 to increase its flexibility and power.

2.2. Benefits of Stored Procedures

1) Increase Software Performance: Stored procedures are
built, compiled, and then kept in the database. But
MySQL uses a slightly different implementation of
stored procedures [5]. The stored procedures in MySQL
are generated dynamically. MySQL creates and main-
tains a stored procedure cache for each and every con-
nection after compiling the stored procedure. Software
uses the compiled version of a stored procedure when it
uses it more than once in a single connection; otherwise,
the stored procedure functions similarly to a query.

2) Reduction of Traffic: Because stored procedures only
require the software to send the name and parameters of
the stored procedure, rather than multiple lengthy SQL
statements, they help reduce traffic between the database
server and software.

3) Reusability and transparent: Any application can utilize
and see through stored procedures [6]. Stored proce-
dures allow all software to access the database interface,
saving developers the trouble of creating functions that
are already supported by stored procedures.

4) Security: Without granting any permission on the un-
derlying database tables, the database administrator can
provide software that accesses stored procedures in the
database with the necessary permissions.

3. Concept of Stored Procedure and
Software Development

3.1. Stored Procedure

A stored procedure is a collection of named structured query
language statement that are compiled and stored in the database
which can be called to use by multiple programs. The use of
stored procedures can help maintain data integrity (information
is entered consistently), increase productivity (stored procedure
statement are only written once), and control access to data
(where end users can only enter or change data but cannot
re-write the procedure. A collection of compiled SQL com-
mands that are kept on the database server is known as a stored
procedure [7]. Client applications are able to repeatedly run
stored procedures without requiring compilation or sending
them to the database server once they have been "stored.”
Performance is increased by stored procedures because they
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lower CPU and network traffic. It is used to carry out opera-
tions on the database, including INSERT, UPDATE, DELETE,
SELECT, as well as any combination of these operations. It can
also be used to call command line arguments, send email, send
return values, send output parameters, encapsulate business
logic, and ensure data integrity.

3.2. Software Development

The process of creating web application for the internet or
intranet is known as software development [8]. Web devel-
opment involves a wide range of different tasks, from creating
basic static page to creating intricate web application, elec-
tronic commerce platforms, and social media platforms. Web
engineering, web design, web content development, client
liaison, client-side/server-side scripting, web server and
network security configuration, and e-commerce develop-
ment are a more extensive list of tasks that are commonly
associated with web development. "Web development” typi-
cally refers to the primary non-design elements of creating
websites among web professionals: coding and creating
markup [9]. Content management systems (CMS) can be used
by software development to make content changes more ac-
cessible and easier for people with minimal technical
knowledge. Web development teams for larger companies
and organizations may include hundreds of web developers
and use standard techniques like Agile methodologies to
create websites. According to the U.S. Department of Labor
and the Bureau of Labor Statistics [10], smaller organizations
might only need one contracting or permanent developer, or
they might need to assign a secondary developer to a related
job position like information systems technician or graphic
designer. Instead of falling under the purview of one depart-
ment, softwaredevelopmentcan be a collaboration job by
different departments. Front-end, back-end, and full-stack
developers are the three categories of web developer spe-
cialization. While back-end developers work with servers,
front-end developers are in charge of the functionality and
design that appear in user browsers.

4. Modern Software Development Using
MySQL Database

Based on a relational database management system
(RDBMS), MySQL is a potent open-source database server
that can manage numerous concurrent database connections
[11]. Open Source refers to MySQL's status as free devel-
opment tools with a large community of committed volunteer
programmers who continuously add new features and make
improvements. In contrast to open source development tools,
which have a large and rapidly expanding global community
of knowledgeable and committed users, development tools
and database servers that require licensing fees have fewer
programming resources. There has been debate over the su-
periority of each tool. Naturally, the developer with greater
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familiarity with one tool than the other will support the tool
with which they are most familiar. Based on our experience,
MySQL is the best tool for developers. Applications that are
properly developed can have complex functionality, speed,
power, scalability, and clean, simple usability.

4.1. Relationship Within Stored Procedure and
MySQL

A procedure, also known as a stored procedure, is a sub-
routine that is stored in a database, subprogram in a normal
programming language,, according to [12]. A procedure con-
sists of an SQL statement(s), a parameter list, and a name.
Stored procedures are supported by almost all relational da-
tabase systems; they were first introduced in MySQL 5. We
used MySQL 5.6 under Windows 7 and went over the
MySQL procedure in detail in the following sections. Two
types of "routines" are supported by MySQL 5.6: stored
procedures that you call and functions whose return values
you use in other SQL statements in a manner similar to how
you use pre-installed SQL server functions. The major dif-
ference is that UDFs can be used like any other expression
within SQL statements, whereas stored procedures must be
invoked using the CALL statement.

4.2. Why Stored Procedures Uses MySQL

Stored procedures are fast: Similar to prepared statements,
the MySQL server also makes use of caching [13]. The pri-
mary increase in speed is due to a decrease in network traffic.
Use a single call to a server-stored procedure to complete
repetitive tasks that involve checking, multiple statements,
and no interaction of the user.

Stored procedures are portable: When you write your stored
procedure in SQL, you can be confident that it will execute on
any platform that MySQL is compatible with. You won't need
to install extra runtime environment packages, grant operating
system permissions for program execution, or install different
packages if your computer type varies. Writing in SQL has
this benefit over external languages like Java and C#.

Stored procedures act as source code in the database: Fur-
thermore, it makes sense to connect the data and the proce-
dures that work with it. d) Procedures that are stored migrate!
MySQL follows the SQL: 2003 standard quite closely. Other
people (DB2, Mimer) also follow.

5. Creation of Procedure

A stored procedure is created by the statements that follow
[14]. A procedure is linked by default to the default database,
which is the database that is being used right now. When
creating the procedure, give it the name database name.
stored_procedure_name in order to link it to a specific data-
base. This is the entire syntax.

Syntax:
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CREATE [Creating statement = {who are user or Pro-
spectus_user}]

PROCEDURE st_name ([proc_parameter[,...]])

[characteristic...] Features

proc_parameter: [ IN | OUT | INOUT ] param_name type

type:

Real/Valid SQLServer data type

Features:

COMMENTS 'string'

: LANGUAGE SQL

: [NOT] DETERMINISTIC

: {CONTAINS SQL | NO SQL | READS SQL DATA

: MODIFY DATA of the SQL}

: SQL SECURITY { DEFINITION}

Body of the Subroutine:

Valid SQL subroutine query

5.1. Main Parts of a Stored Procedure

According to [15], stored procedures can be thought of

having three main parts:

1) Inputs: Stored procedure accept parameter values as
inputs for its processes. This is highly depended on how
the parameters are declared and how the modified values
can be passed back to the sub program calling the pro-
cedure.

2) Execution: Executing SQL statement can easily be done
by effective stored procedure through the utilization of
conditional logic such as IF THEN or CASE statements
and lopping constructs to perform tasks. One stored
procedure has the ability to call another one. Because
stored procedures can use cursors to manipulate SQL
query results, they can be very useful. The process can
access results row by row with the use of cursors. Cur-
sors essentially allow you to loop through the output of a
SQL query. Because of this, database performance may
suffer, so use cursors wisely.

3) Outputs: The major output of every stored procedure is a
single value such as a number, text value or set of rows
within a table.

5.2. Implementation of Store Procedures in
Software Development

To implement stored procedures some basic concept must
be understood which are:

MySQL Stored Procedure Variables

A named data object with a variable value is one that can
alter while the stored procedure is being executed. Usually, to
hold the instant results, we use the variables in stored proce-
dures. The stored procedure is the only place these variables
exist. Before utilizing a variable, it must be declared.

Declaring variables

The declaration of a stored procedure involves using a
DECLARE statement as follows:
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DECLARE variable_namedatatype (size) DEFAULT de-
fault_value;

Let’s examine the statement above syntax in more detail:

1) First, you specify the variable name after the DECLARE
keyword. The variable name must follow the naming
rules of MySQL table column names.

2) Second, you specify the data type of the variable and its
size. A variable can have any MySQL data types such as
INT, VARCHAR, and DATETIME.

3) Third, when you declare a variable, its initial value is
NULL. You can assign the variable a default value using
the DEFAULT keyword.

For example, we can declare a variable named total_sale

with the data type INT and default value 0 as follows:

DECLAREtotal_saleINTDEFAULTO;

MySQL allows you to declare two or more variables that
share the same data type using a single DECLARE statement
as follows:

DECLAREX,YINTDEFAULTO;

In this example, we declared two integer variables x and y,
and set their default values to zero.

Assigning variables

Once you declared a variable, you can start using it. To
assign a variable another value, you use the SET statement,
for example:

DECLAREtotal_countINTDEFAULTO;

SETtotal_count=10;

The value of the total count variable is 10 after the as-
signment.

Besides the SET statement, you can use the SELECT INTO
statement to assign the result of a query, which returns a scalar
value, to a variable. See the following example:

DECLARE total_products INT DEFAULT 0;

SELECT

COUNT(*) INTO total_products

FROM products;

In the example above:

1) First, we declared a variable named total_products and
initialized its value to 0.

2) Then, we used the SELECT INTO statement to assign
the total_products variable the number of products that
we selected from the products table in the sample data-
base.

5.3. Benefits of Stored Procedures in Software
Development

1) Layer of Security: Between the database and the user
interface, a stored procedure adds a crucial degree of
security [16]. Because end users can enter or modify
data but cannot write procedures, it supports security
through data access controls. Data integrity is main-
tained by stored procedures because information is en-
tered consistently. Because statements in a stored pro-
cedure only need to be written once, productivity is in-
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creased.

2) Embedding queries in a graphical User Interface (GUI):

Compared to query embedding in a graphical user in-
terface (GUI), stored procedures have advantages. When
an issue occurs in an application, stored procedures
make troubleshooting simpler because of their modular
design. Additionally, stored procedures can be adjusted,
which removes the need to change the GUI source code
in order to enhance performance. Coding stored proce-
dures is simpler than creating a query using a graphical
user interface.

3) Reduce Network Traffic: Because stored procedures

execute commands as a single batch of code, they can
help reduce network traffic between servers and clients.
This means that rather than sending each and every line
of code individually, just the call to execute the proce-
dure is sent over a network.

4) Network Efficiency: To achieve the intended outcome,

stored procedures can process vast amounts of data and
include numerous commands. We can avoid pulling
query results over the network for a client program to
process by keeping all programming logic on the server.

5) Encapsulate Business Logic: Numerous clients and

calling programs can be handled by databases. However,
it is typical for a database to process requests from both
built-in apps like Excel and custom apps like C#. Rather
than depending on every program version to implement
and correctly execute the rules, it makes sense to run the
business logic on the server in stored procedures to
guarantee that critical business logic stays consistent.
Program consistency is aided by this, as they use the
same logic. Additionally, this indicates that the data
quality is higher.

6) Maintainable: Modifications are much simpler when

5.4.

complex programming logic and business rules are
centralized into stored procedures. All you need to do is
modify the stored procedure instead of searching
through each application to find the appropriate places to
make modifications. After the modification is saved and
compiled, every calling program gains from it. Once
more, this can aid in improving the caliber of your da-
tabase.

Relevance of Stored Procedure in Modern
Software Development Process

1) Performance: Procedure calls are rapid and effective

because stored procedures are compiled only once and
saved in executable form. Users automatically share and
cache executable code. As a result, less memory and
invocation overhead are needed. Furthermore, you can
utilize the server's computing resources by utilizing
stored procedures. Computation-bound processes, for
instance, can be moved from the client to the server,
where they will run more quickly. Similarly, callback
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functions from SQL statements improve system per-
formance by allowing the server to carry out application
logic.

2) Productivity and Ease of Use: You can reduce duplication
of code and boost productivity by building applications
around a shared set of stored procedures. Additionally,
stored procedures allow you to expand the RDBMS's
functionality. For instance, stored functions that are called
from SQL statements increase SQL's power.

3) Scalability: Scalability is increased by stored procedures
because they separate server-side application processing.
Furthermore, automatic tracking of dependencies for
stored procedures facilitates the creation of applications
that are scalable. With the Multi-Threaded Server (MTS)
shared memory capabilities, Oracle8i can accommodate
over 10,000 concurrent users on a single node. You can
multiplex Net8 connections with the Net8 Connection
Manager to increase scalability.

4) Maintainability: A stored procedure can be used confi-
dently in a variety of applications once it has been val-
idated. Only the procedure is impacted by changes to its
definition; the applications that call it are unaffected.
This makes enhancement and maintenance easier. Fur-
thermore, it is simpler to maintain a procedure on the
server than it is to maintain copies on different client
computers.

5) Interoperability: Java is fully compliant with the Java
Language Specification and provides all the benefits of
an object-oriented, general-purpose programming lan-
guage within the context of RDBMSs. Java offers
complete access to Oracle data, just like PL/SQL, so any
PL/SQL procedure can be written in Java..

6) Security: One way to limit user access to Oracle data is
to restrict data manipulation to stored procedures that
run with the user's privileges. One possible scenario is to
grant authorization for a process to modify a database
table, but to prevent access to the table itself.

7) Replication: Stored procedures can be copied or repli-
cated from one Oracle8i database to another using Ora-
cle Advanced Replication. They are perfect for putting
in place a centralized set of business rules because of
this feature. Once written, the stored procedures are
copied and sent to all of the company's work groups and
branch offices. This allows policies to be updated cen-
trally rather than on separate servers.

6. Conclusion

Ultimately, we can conclude that a stored procedure im-
proves the likelihood of code and execution plan reuse while
simultaneously improving database performance by lowering
network traffic and sending less data over the network. Au-
tomation during design ensures that all procedures generated
have the same structure and naming conventions, which
speeds up coding. The authors created a set of design-time
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stored procedures that produce run-time stored procedures in
an attempt to increase their coding efficiency in a big SQL
project. They have since utilized these procedures in numer-
ous projects. One of the key advantages of utilizing MySQL's
stored procedures syntax is that it offers an interactive, us-
er-friendly software that encourages open communication
between visitors and generates content that is truly dynamic
and adaptable. Compared to other database programming
languages, stored procedures are much simpler to understand
and can be readily tailored to meet the unique business re-
quirements of clients. Consequently, it can be concluded that
because of the great benefits of this technology, software
engineers can use stored procedures when developing soft-
ware.

Abbreviations

SQL Structured Query Language

RDMS Relational Database Management System
MTS Multi-Threaded Server

PHP Hypertext Preprocessor

CMS Content management systems

DB2 Database 2

GUI Graphical User Interface
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