UTF Encoding

WHAT IS UTF?

UTF stands for Unicode Transformation Format. It is an encoding standard for representing the characters of the Unicode
character set in computer systems.

Unicode is a character set that aims to include every character from every writing system in the world, and UTF is one of the
encoding schemes used to represent those characters. UTF encoding specifies how Unicode characters are represented as
bytes in memory or on disk.

There are several UTF encoding formats, such as UTF-8, UTF-16, and UTF-32, which vary in the number of bytes used to
represent each character. For example, UTF-8 is a variable-width encoding, where each character can take up to 4 bytes,
while UTF-16 uses 2 bytes for most characters, and UTF-32 uses 4 bytes for all characters.

The choice of the encoding format depends on the application's requirements, such as the languages supported, the size of
the text, and the efficiency of processing. UTF encoding has become the de facto standard for handling multilingual text in
various programming languages, databases, and communication protocols, making it an essential part of modern computing.

UTF-8

UTF-8 stands for "Unicode Transformation Format-8." It is an encoding standard that is widely used for representing
characters in computer systems. Unicode is a character set that aims to include every character from every writing system in
the world, and UTF-8 is one of the encoding schemes used to represent those characters.

UTF-8 is a variable-width encoding, which means that different characters can require a different number of bytes to represent
them. It uses a system of code units, where each code unit is typically 8 bits (1 byte) in size but can expand up to 32 bits (4
bytes) for certain characters.

UTF-8 is widely adopted and supported by many modern computer systems and applications. It allows the representation of
characters from multiple languages and scripts, including ASCII characters (which use a single byte) as a subset. This
flexibility and compatibility make UTF-8 a popular choice for handling multilingual text in various programming languages, file
formats, and communication protocols.

UTF-16

UTF-16, which stands for Unicode Transformation Format-16, is an encoding standard for representing Unicode characters in
computer systems. It uses 16 bits (2 bytes) to encode each character, allowing for a wider range of characters to be
represented compared to UTF-8.

In UTF-16, the most common characters from the Unicode character set, known as the Basic Multilingual Plane (BMP), are
represented using a single 16-bit code unit. This makes UTF-16 more space-efficient for these characters compared to UTF-
8, which may use multiple bytes to encode them.

However, characters outside the BMP, which include less common or historical characters, require two 16-bit code units (4
bytes) in UTF-16. This encoding scheme is known as surrogate pairs, where a pair of 16-bit values is used to represent a
single character. These characters occupy more space in UTF-16 compared to UTF-8.

UTF-16 is widely used in various systems, including Windows operating systems and some programming languages. It offers
good support for handling multilingual text and is particularly suited for applications that require efficient processing of non-



BMP characters or have a heavy reliance on Asian languages or complex scripts.

UTF-32

UTF-32, also known as UCS-4 (Universal Character Set, 4 bytes), is an encoding standard for representing Unicode
characters in computer systems. In UTF-32, each character is represented by a fixed-size 32-bit (4-byte) code unit, regardless
of its position in the Unicode character set.

Unlike UTF-8 and UTF-16, which use variable-width encoding where characters can occupy different numbers of bytes, UTF-
32 provides a straightforward and consistent encoding scheme. Each character is represented by a single 32-bit code unit,
making it easier to index and manipulate individual characters within a string.

UTF-32 is capable of representing the entire Unicode character set, including characters outside the Basic Multilingual Plane
(BMP) that require surrogate pairs in UTF-16. It provides a one-to-one mapping between code points and code units,
simplifying text processing and indexing operations.

However, UTF-32 consumes more memory compared to UTF-8 or UTF-16 because each character is represented by a fixed-
size 32-bit code unit. Therefore, UTF-32 is typically used in scenarios where memory efficiency is not a primary concern, such
as internal string representations, in-memory processing, or platforms where 32-bit code units are the native representation,
such as some programming languages or libraries.



