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Abstract: This article provides a comprehensive overview of complex data types in the
C++ programming language, including structural and user-defined data types. It explores
the various forms of complex data types, reasons for their use, theoretical foundations, and
efficient usage practices. The article aims to deepen theoretical understanding and improve
the conceptualization of working with complex structures in programming.
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Introduction:

Modern programming languages offer more than primitive data types—they also
provide complex data structures. C++ is particularly rich in this regard. Complex data
types enable developers to represent real-world objects, model them efficiently, and
manage data cohesively. These types form the core of structured and object-oriented
programming in software projects.

This article discusses the primary categories of complex data types in C++, their
theoretical foundations, the role of user-defined types in software design, and the
mechanisms for managing them effectively.

Theoretical Part:

1. Concept of Complex Data Types

Complex data types are data structures designed to store multiple values as a single
entity. In C++, such structures allow modeling of real-world entities. They support
architectural design, modular programming, and object-oriented principles in software
development.

2. Structural Types (struct)

A struct is a user-defined structure that groups various data types under a single
name. While primarily used in C, struct in C++ offers extended capabilities.

In C++, both struct and class provide the same functionality, with the only
difference being their default access specifier (public for struct, private for class).

Structural types allow logical grouping of variables, maintain data integrity, and
enhance modular design. They simplify software interfaces and modules, and are widely
used in routing, data exchange protocols, and file structures.

3. Classes (class) and Object-Oriented Programming

A class is the core component of object-oriented programming in C++. It supports
encapsulation, inheritance, and polymorphism. Developers use classes to create objects,
associate methods, and manage internal states.

Classes are based on the following key principles:

106



INTRODUCTION OF NEW INNOVATIVE TECHNOLOGIES IN EDUCATION
OF PEDAGOGY AND PSYCHOLOGY.
International online conference.

Date: 27" May-2025

. Encapsulation: Combining data and functions to maintain data integrity.
. Inheritance: Creating new classes from existing ones.
<7 _ . Polymorphism: Methods with the same name operating in different ways.

This approach facilitates the management of large-scale applications by dividing
: them into manageable modules.
ﬂ 4. Unions (union)
A union allows multiple data types to occupy the same memory location. It restricts

ﬁﬂ“

CIE access to only one of its members at a time.
) The primary purpose of using unions is memory efficiency. Unions are useful in
g systems where a variable may take on different formats (e.g., sensor measurements, signal
D processing).
< 5. Enumerations (enum)
ab) An enum is a user-defined type that consists of a set of named integral constants. In
- C++, enum is commonly used to represent options or states.
(: The enum class introduced in C++11 offers stronger type safety and scoped
- enumeration compared to traditional enums.
7 6. Library-Based Complex Structures (STL)

The Standard Template Library (STL) in C++ provides a range of complex data
structures, including:

. vector — dynamic array
- . list — doubly-linked list
-] . map — key-value pairs
s = . set — collection of unique values
. tuple, pair — grouping of multiple values

These structures are built using generic programming, offering reusability, type
safety, and efficiency.

7. User-Defined Types

Creating user-defined types enables developers to reduce repetitive code and design
modular systems. This is particularly important in multi-layered systems used in industrial
and scientific computing.

Conclusion:

Complex data types are vital for modeling real-world entities, managing data
cohesively, and achieving efficient functionality in software development. In C++, types
such as struct, class, union, and enum support the design of modular and object-oriented
software architectures.

By using complex data types, developers can clarify software structure, establish
inter-module relationships, ensure data safety, and enhance flexibility. This approach not
only prevents errors but also facilitates code scalability.
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