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|ntroduction to ICU

As companies integrate e-commerce on aglobal scale into their fundamental business processes, their
prospective customers, established customers, and active partners can take advantage of increased
revenue and decreased expenses through software internationalization. They also can improve customer
communications and increase savings.

Meeting the Challenge of Globalization
Internationalized software resultsin an increase in:

- Customer satisfaction that can increase sales

- Customer support communications

- Enhanced global information dissemination

- A better return on Information Technology (IT) investments

In today's business climate of globalization, companies must compete in anew Internet-enabled business
climate of constant change and compressed time frames. Their customers expect reliable service and
support.

Taking Advantage of Internationalized Software

Companies need to establish a better linkage between their global business processes and the underlying
supportive IT processes. If they want to deliver this new flexibility and agility, they must depend on the
software internationalization process.

The software internationalization devel opment process uses libraries (such as the International
Components for Unicode (ICU) libraries), to enable one single program to work with text in any language
for any place in the world. For example, instead of having separate software versions for ten different
countries, the ICU services can create one version that works seamlessly and transparently in all of them.

The ICU components are an integral part of software devel opment because they hide the cultural nuances
and technical complexities of locale-specific software requirements. These complexities provide critical
functionality for applications, but the application developer does not need to exert a huge effort or incur
high costs to build them.

Justifying the Investment

The business case needed to justify the investment in software internationalization is compelling when the
investment is amortized over a number of projects. In the fast-paced and rapidly-evolving world of
traditional and evolving e-businesses, these international components provide afirm ground on which
companies, partners and suppliers can build their business transactions. They can share competitive
information to help gain a significant economic advantage.

The ICU services deliver proven value by lowering the cost required to integrate with disparate
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applications, systems and data sources on aregional and global scale. It provides value to acompany's T
investment by lowering IT complexity, risk, maintenance costs and training costs. It aso enhances
organizational flexibility, leverages existing assets, and improves planning and decision-making. It
enables organizational |earning, process-driven synchronization, event-driven evaluation and
decision-making.

Background and History of ICU

ICU was originally developed by the Taligent company. The Taligent team later became the Unicode
group at the IBM® Globalization Center of Competency in Cupertino. The team has received significant
input from the open source community worldwide.

Java™ classes developed at Taligent were incorporated into the Java Development Kit (JDK) 1.1
developed by Sun® Microsystems. The classes were then ported to C++ and later some classes were also
ported to C. The classes provide internationalization utilities for writing global applicationsin C, C++, or
Java programming languages.

ICU for Java (ICU4J) includes enhanced versions of some of these classes, plus additional classes that
complement the classesin the JDK. C and C++ versions of the same international functionality are
availablein ICU for C (ICU4C). The APIs differ slightly due to language differences and new
functionality. For example, ICU4C includes a character converter API.

|CU4J and ICU4C keep the same devel opment goals. They both track additions to the Java
internationalization APIs and implement the latest released Unicode standard. They also maintain a
single, portable source code base.

All of usin the ICU and open source group appreciate the time you are taking to understand our
technology. We have put our best collective effort into these open components, and look forward to your
guestions, comments and suggestions.

Downloading ICU
Download the most recent version of ICU in one of the following ways:

1. From the compressed snapshot file
2. From CVSdirectly

When downloading from CV'S, be sure that to checkout using the correct release tag. Without the correct
release tag, users might get the current development version of ICU instead. However, thisis not a
problem for those individuals who are developing ICU or who want to view the latest features and fixes.
It isimportant to make certain that the whole source tree was received by checking the directories. Thisis
described in detail in the readme.html document.

The ICU README changes as the code changes. However, these changes are not always in parallel to
code changes. README changes are in sync with formal releases.

To obtain the most recent information about the |CU documentation, use one of the following methods:

- Download ICU and open the readme.html [1] file - This README file corresponds to the exact
version of ICU that a user downloads.

- Viditthe ICU Web site [2] - This Web site includes the most current README that is updated with
the current snapshot of the ICU source code. This README might not be consistent with the current
code and not necessarily consistent with any 1CU release. Each iteration of the code might not have a
corresponding README file.

- Select the version [1] using cvstags- This README corresponds to the selected ICU release asit is
consistent with the source code of that same release

-10-
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Software Internationalization

Overview of Software Internationalization

Developing globalized software is a continuous balancing act as software devel opers and project
managers inadvertently underestimate the level of effort and detail required to create foreign-language
software releases.

Software devel opers must understand the I CU services to design and deploy successful software rel eases.
The services can save |CU users time in dealing with the kinds of problems that typically arise during
critical stages of the software life cycle.

In general, the standard process for creating globalized software includes "internationalization,” which
covers generic coding and design issues, and "localization,” which involves translating and customizing a
product for a specific market.

Software devel opers must understand the intricacies of internationalization since they write the actual
underlying code. How well they use established services to achieve mission objectives determines the
overall success of the project. At afundamental level, code and feature design affect how a product is
trandated and customized. Therefore, software devel opers need to understand key localization concepts.

From a geographic perspective, alocaleis aplace. From a software perspective, alocaleisan ID used to
select information associated with a alanguage and/or a place. |CU local e information includes the name
and identifier of the spoken language, sorting and collating requirements, currency usage, numeric display
preferences, and text direction (left-to-right or right-to-left, horizontal or vertical).

General locale-sensitive standards include keyboard layouts, default paper and envelope sizes, common
printers and monitor resolutions, character sets or encoding ranges, and input methods.

ICU Services Overview

The ICU services support all major locales with language and sub-language pairs. The sub-language
generally corresponds to a country. One way to think of thisisin terms of the phrase "X language as
spokeninY country.” The way people speak or write a particular language might not change dramatically
from one country to the next (for example, German is spoken in Austria, Germany, and Switzerland).
However, cultural conventions and national standards often differ agreat deal.

A key advantage to using the ICU servicesis the net result in reduced time to market. The trandation of
the display stringsis bundled in separate text files for trandation. A programmer team with translators no
longer needs to search the source code in order to rewrite the software for each country and language.

Internationalization and Unicode
Unicode enables a program to use a standard encoding scheme for all textual data within the program's
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environment. Conversion has to be done with incoming and outgoing data only. Operations on the text
(whileit isin the environment) are simplified since you do not have to keep track of the encoding of a
particular text.

Unicode supports multilingual data since it encodes characters for all world languages. Y ou do not have
to tag pieces of data with their encoding to enable the right characters, and you can mix languages within
asingle piece of text.

Some of the advantages of using ICU to internationalize your program include the following:

- It can handle text in any language or combination of languages.

- The source code can be written so that the program can work for many locales.

- Configurable, pluggable localization is enabled.

- Multiple locales are supported at the same time.

- Non-technical people can be given access to information and you don't have to open the source code
to them.

- Software can be developed so that the same code can be ported to various platforms.

Project Management Tips for Internationalizing Software
The following two processes are key when managing, devel oping and designing a successful
internationalization software deliverable:

1. Separate the program's executable code from its Ul elements.

2. Avoid making cultural assumptions.
Keep static information (such as pictures, window layouts) separate from the program code. Also ensure
that the text which the program generates on the fly (such as numbers and dates) comes out in the right
language. The text must be formatted correctly for the targeted user community.

Make sure that the analysis and manipulation of both text and kinds of data (such as dates), isdonein a
manner that can be easily adapted for different languages and user communities. This includes tasks such
as aphabetizing lists and looking for line-break positions.

Characters must display on the screen correctly (the text's storage format must be translated to the proper
visual images). They must also be accepted as input (translated from keystrokes, voice input or another
kind of input into the text's storage format). These processes are relatively easy for English, but quite
challenging for other languages.

Separ ating Executable Code from Ul Elements

Good software design requires that the programming code implementing the user interface (Ul) be kept
separate from code implementing the underlying functionality. The description of the Ul must also be
kept separate from the code implementing it.

The description of the Ul contains items that the user sees, including the various messages, buttons, and
menu commands. It aso contains information about how dialog boxes are to be laid out, and how icons,
colors or other visual elements are to be used. For example, German words tend to be longer since they
contains grammatical suffixes that English haslost in the last 800 years. The following table shows how
word lengths can differ anong languages.

English [German Cyrillic-Serbian
cut ausschneiden |#####H

copy kopieren HiHHHHAH

paste einfigen HHHHHHH

The description of the Ul, especially user-visible pieces of text, must be kept together and not embedded
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in the program's executable code. |CU provides the ResourceBundle services for this purpose.

Avoiding Cultural/Hidden Assumptions

Another difficulty encountered when designing and implementing code is to make it flexible enough to
handle different ways of doing thingsin other countries and cultures. Most programmers make
unconscious assumptions about their user's language and customs when they design their programs. For
example, in Thailand, the official calendar isthe Buddhist calendar and not the Gregorian calendar.

These assumptions make it difficult to translate the user interface portion of the code for some user
communities without rewriting the underlying program. The ICU libraries provide flexible APIs that can
be used to perform the most common and important tasks. They contain pre-built supporting data that
enables them to work correctly in 75 languages and more than 200 locales. The key is understanding
when, where, why, or how to use the APIs effectively.

The remainder of this section provides an overview of some cultural and hidden assumptions
components:

+ Numbers and Dates

- Messages

- Measuring Units

- Alphabetical Order of Characters

- Character Format

- Text Input and Layout

- Text Manipulation

- Date/Time Formatting

- Distributed Locale Support

- LayoutEngine

Numbers and Dates

Numbers and dates are represented in different languages. Do not implement routines for converting
numbers into strings, and do not call low-level system interfaceslikespri nt f () that do not produce
language-sensitive results. Instead, see how ICU's NumberFormat and DateFormat services can be used
more effectively.

Messages

Be careful when formulating assumptions about how individual pieces of text are used together to create a
complete sentence (for example, when error messages are generated) . The elements might go together in
adifferent order if the message istrandated into a new language. 1CU provides M essageFormat and
ChoiceFormat to help with these occurrences.

Note: There also might be situations where parts of the sentence change when other
parts of the sentence also change (selecting between singular and plural nouns that go
after a number is the most common example).

Measuring Units

Numerical representations can change with regard to measurement units and currency values. Currency
values can vary by country. A good example of thisis the representation of $1,000 dollars. This amount
can represent either U.S. or Canadian dollar values. US dollars can be displayed as USD while Canadian
dollars can be displayed as CAD, depending on the locale. In this case, the displayed numerical quantity
might change, and the number itself might also change. NumberFormat provides some support for this.

Alphabetical Order of Characters
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All languages (even those using the same a phabet) do not necessarily have the same concept of
alphabetical order. Do not assume that aphabetical order isthe same as the numerical order of the
character's code-point values. In practice, 'a isdistinct from'A' and 'b' is distinct from 'B'. Each hasa
different codepoint . This means that you can not use a bit-wise lexical comparison (such as what
strcnp() provides), to sort user-visible lists.

Not all languages interpret the same characters as equivalent. If a character's case is changed it is not
always aone-to-one mapping. Accent differences, the presence or absence of certain characters, and
even spelling differences might be insignificant when determining whether two strings are equal. The
Collator services provide significant help in this area.

Characters

A character does not necessarily correspond to asingle code-point position in the backing store. All
languages might not have the same definition of aword, and might not find that any group of characters
separated by awhite space is an acceptabl e approximation for the definition of aword. ICU provides the
Breaklterator services to help locate boundaries or when counting units of text.

When checking characters for membership in a particular class, do not list the specific characters you are
interested in, and do not assume they come in any particular order in the encoding scheme. For example,
IA-Za-z/ does not mean al lettersin most European languages, and /0-9/ does not mean all digitsin
many writing systems. This also holds true when using C interfaces such asi supper () andi sl ower .
ICU provides alarge group of utility functions for testing character properties, suchasu_i supper and
u_islower().

Text Input and Layout

Do not assume anything about how a piece of text might be drawn on the screen, including how much
room it takes up, the direction it flows, or where on the screen it should start. All of these text elements
vary according to language. As aresult, there might not be a one-to-one relationship between characters
and keystrokes. One-to-many, many-to-one, and many-to-many relationships between characters and
keystrokes all occur in real text in some languages.

Text Manipulation

Do not assume that all textual data, which the program stores and manipulates, isin any particular
language or writing system. ICU provides many methods that help with text storage. The UnicodeString
class and u_strxxx functions are provided for Unicode-based character manipulation. For example, when
appending an existing Unicode character buffer, characters can be removed or extracted out of the buffer.

A good example of text manipulation is the Rosetta stone. The same text iswritten on it in Hieroglyphic,
Greek and Demotic. ICU provides the services to correctly process multi-lingual text such asthis
correctly.

Date/Time Formatting

Time can be determined in many units, such as the lengths of months or years, which day isthefirst day
of the week, or the allowable range of values like month and year (with Dat eFor mat ). It can also
determine the time zone you are in (with Ti neZone), or when daylight-savings time starts. ICU
provides the Calendar services needed to handle these issues.

R

This example shows how a user interface element can be used to increment or decrement the time field
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value.

Distributed Locale Support

In most server applications, do not assume that all clients connected to the server interact with their users
in the same language. Also do not assume that a session stops and restarts whenever a user speaking one
language replaces another user speaking a different language. ICU provides sufficient flexibility for a
program to handle multiple locales at the same time.

For example, a Web server needs to serve pages to different users, languages, and date formats at the
sametime.

LayoutEngine

The ICU LayoutEngine is an Open Source library that provides a uniform, easy to use interface for
preparing complex scripts or text for display. The Latin script, which is the most commonly used script
among software developers, is also the least complex script to display especially when it is used to write
English. Using the Latin script, characters can be displayed from left to right in the order that they are
stored in memory. Some scripts require rendering behavior that is more complicated than the Latin script.
We refer to these scripts as "complex scripts’ and to text written in these scripts as "complex text."
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Unicode Basics

Introduction to Unicode

Unicode is a standard that precisely defines a character set as well as a small number of encodings for it.
It enables you to handle text in any language efficiently. It allows a single application executable to work
for aglobal audience. ICU, like Java™, Microsoft® Windows NT™, Windows™ 2000 and other modern
systems, provides Internationalization solutions based on Unicode.

This chapter isintended as an introduction to codepages in general and Unicode in particular. For further
information, see:

- The Web site of the Unicode consortium [3]

- What is Unicode? [4]

- IBM® Globalization [5]

- IBM® developerWorks[6]
Go to the ICU Locale Explorer [7] and other online ICU demos [8] to see how a Unicode-based server
application can handle text in many languages and many encodings.

Traditional Character Sets and Unicode
Representing text-format datain computersis a matter of defining a set of characters and assigning each
of them anumber and a bit representation. Underlying this basic idea are three related concepts:
1. A character set or repertoire is an unordered collection of characters that can be represented by
numeric values.
2. A coded character set maps characters from a character set or repertoire to numeric values.
3. A character encoding scheme defines the representation of numeric values from one or more coded
character setsin bits and bytes.
For simple encodings such as ASCI|, the last two concepts are basically the same: ASCII assigns 128
characters and control codes to consecutive numbers from 0 to 127. These characters and control codes
are encoded as simple, unsigned, binary integers. Therefore, ASCII is both a coded character set and a
character encoding scheme.

ASCII only encodes 128 characters, 33 of which are control codes rather than graphic, displayable
characters. It was designed to represent English-language text for an American user base, and is therefore
insufficient for representing text in amost any language other than American English. In fact, most
traditional encodings were limited to one or few languages and scripts.

ASCII offered anatural way to extend it: Designed in the 1960's to work in systems with 7-bit bytes
while most computers and Internet protocols since the 1970's use 8-bit bytes, the extra bit allowed
another 128 byte values to represent more characters. Various encodings were devel oped that supported
different languages. Some of these were based on ASCII, others were not.
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L anguages such as Japanese need to encode considerably more than 256 characters. Various encoding
schemes enable large character sets with thousands or tens of thousands of characters to be represented.
Most of those encodings are still byte-based, which means that many characters require two or more
bytes of storage space. A process must be developed to interpret some byte values.

Various character sets and encoding schemes have been devel oped independently, cover only one or few
languages each, and are incompatible. This makesit very difficult for asingle system to handletext in
more than one language at atime, and especialy difficult to do so in away that is interoperable across
different systems.

Generally, the minimum requirement for the interoperable exchange of text datais that the encoding
(character set & encoding scheme) must be properly specified in the document and in the protocol. For
example, email/SMTP and HTML/HTTP provide the means to specify the "charset”, asitiscalled in
Internet standards. However, very often the encoding is not specified, specified incorrectly, or the sender
and recelver disagree on itsimplementation.

The 1SO 2022 encoding scheme was created to store text in many different languages. It allows other
encodings to be embedded by first announcing them and then switching between them. Full support for
all features and possible encodings with 1SO 2022 requires complicated processing and the need to
support many encodings. For East Asian languages, subsets were developed that cover only one language
or afew at atime, but they are much more manageable. 1SO 2022 is not well-suited for usein internal
processing. It is designed for data exchange.

Glyphs versus Characters

Programmers often need to distinguish between characters and glyphs. A character is the smallest
semantic unit in awriting system. It is an abstract concept such as the letter A or the exclamation point. A
glyph isthe visual presentation of one or more characters, and is often dependent on adjacent characters.

Thereis not always a one-to-one mapping between characters and glyphs. In many languages (Arabic is
aprime example), the way a character |ooks depends heavily on the surrounding characters. Standard
printed Arabic has as many as four different printed representations (glyphs) for every letter of the
alphabet. In many languages, two or more letters may combine together into asingle glyph (called a
ligature), or a single character might be displayed with more than one glyph.

Despite the different visual variants of a particular letter, it still retainsitsidentity. For example, the
Arabic letter heh has four different visual representations in common use. Whichever oneis used, it still
keeps itsidentity asthe letter heh. It isthisidentity that Unicode encodes, not the visual representation.
This also cuts down on the number of independent character values required.

Overview of Unicode

Unicode was developed as asingle-coded character set that contains support for all languages in the
world. Thefirst version of unicode used 16-bit numbers, which allowed for encoding 65,536 characters
without complicated multibyte schemes. With the inclusion of more characters, and following
implementation needs of many different platforms, Unicode was extended to allow more than one million
characters. Severa other encoding schemes were added. This introduced more complexity into the
Unicode standard, but far less than managing alarge number of different encodings.

Starting with Unicode 2.0 (published in 1996), the Unicode standard began assigning numbers from 0 to
10ffff16, which requires 21 bits but does not use them completely. This gives more than enough room for
al written languages in the world. The original repertoire covered all major languages commonly used in
computing. Unicode continues to grow, and it includes more scripts.

The design of Unicode differsin several ways from traditional character sets and encoding schemes:
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- Itsrepertoire enables users to include text efficiently in ailmost all languages within asingle
document.

- It can be encoded in a byte-based way with one or more bytes per character, but the default encoding
scheme uses 16-bit units that allow much simpler processing for all common characters.

- Many characters, such asletters with accents and umlauts, can be combined from the base character
and accent or umlaut modifiers. This combining reduces the number of different characters that need
to be encoded separately. "Precomposed” variants for characters that existed in common character sets
at the time were included for compatibility.

- Characters and their usage are well-defined and described. While traditional character sets typically
only provide the name or apicture of a character and its number and byte encoding, Unicode has a
comprehensive database of properties available for download. It also defines a number of processes
and algorithms for dealing with many aspects of text processing to make it more interoperable.

The early inclusion of all characters of commonly used character sets makes Unicode a useful " pivot"
point for converting between traditional character sets, and makes it feasible to process non-Unicode text
by first converting into Unicode, process the text, and convert it back to the original encoding without
loss of data

Note: The first 128 Unicode code point values are assigned to the same characters as
in US-ASCII. For example, the same number is assigned to the same character. The
same is true for the first 256 code point values of Unicode compared to ISO 8859-1
(Latin-1) which itself is a direct superset of US-ASCII. This makes it easy to adapt
many applications to Unicode because the numbers for many syntactically important
characters are the same.

Character Encoding Forms and Schemes for Unicode
Unicode assigns characters a number from 0 to 10FFFF16, giving enough elbow room to allow for
unambiguous encoding of every character in common use. Such a character number is called a"code
point".
Note: Unicode code points are just non-negative integer numbers in a certain range.
They do not have an implicit binary representation or a width of 21 or 32 bits. Binary
representation and unit widths are defined for encoding forms.

For internal processing, the standard defines three encoding forms, and for file storage and protocols,
some of these encoding forms have encoding schemes that differ in their byte ordering. The difference
between an encoding form and an encoding scheme is that an encoding form maps the character set codes
to values that fit into internal datatypes (likeashort inC), while an encoding scheme maps to bits and
bytes. For traditional encodings, they are the same since the encoding forms already map to bytes

. The different Unicode encoding forms are optimized for a variety of different uses:
- UTF-16, the default encoding form, maps a character code point to either one or two 16-bit integers.
- UTF-8 isabyte-based encoding that offers backwards compatibility with ASCII-based,
byte-oriented APIsand protocols. A character is stored with 1, 2, 3, or 4 bytes.
- UTF-32 isthe simplest but most memory-intensive encoding form: It uses one 32-bit integer per

Unicode character.
- SCSU is an encoding scheme that provides a simple compression of Unicode text. It is designed only

for input and output, not for internal use.
ICU uses UTF-16 internally. ICU 2.0 fully supports supplementary characters (with code points
1000016..10FFFF16. Older versions of 1CU provided only partial support for supplementary characters.

For input/output, character encoding schemes define a byte seriaization of text. UTF-8 isitself both an
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encoding form and an encoding scheme because it is byte-based. For each of UTF-16 and UTF-32, there
are two variants defined: one that serializes the code unitsin big-endian byte order (most significant byte
first), and one that serializes the code unitsin little-endian byte order (least significant byte first). The
corresponding encoding schemes are called UTF-16BE, UTF-16LE, UTF-32BE, and UTF-32LE.

Note: The names "UTF-16" and "UTF-32" are ambiguous. Depending on context, they
refer either to character encoding forms where 16/32-bit words are processed and are
naturally stored in the platform endianness, or they refer to the IANA-registered charset
names, i.e., to character encoding schemes or byte serializations. In addition to simple
byte serialization, the charsets with these names also use optional Byte Order Marks
(see Serialized Formats below).

Overview of UTF-16

The default encoding form of the Unicode Standard uses 16-bit code units. Code point values for the
most common characters are in the range of 0 to FFFF16 and are encoded with just one 16-bit unit of the
same value. Code points from 1000016 to 10FFFF16 are encoded with two code units that are often
called "surrogates’, and they are called a "surrogate pair" when, together, they correctly encode one
Unicode character. The first surrogate in apair must be in the range D80016 to DBFF16, and the second
one must be in the range DC0016 to DFFF16. Every Unicode code point has only one possible UTF-16
encoding with either one code unit that is not a surrogate or with a correct pair of surrogates. The code
point values D80016 to DFFF16 are set aside just for this mechanism and will never, by themselves, be
assigned any characters.

Most commonly used characters have code points below FFFF16, but Unicode 3.1 assigns more than
40,000 supplementary characters that make use of surrogate pairsin UTF-16.

Note that comparing UTF-16 strings lexically based on their 16-bit code units does not result in the same
order as comparing the code points. Thisis not usually an issue since only rarely-used characters are
affected. Most processes do not rely on the same results in such comparisons. Where necessary, asimple
modification to a string comparison can be performed that still allows efficient code unit-based
comparisons and makes them compatible with code point comparisons. ICU has C and C++ API
functionsfor this.

Overview of UTF-8
To meet the requirements of byte-oriented, ASCII-based systems, the Unicode Standard defines UTF-8.
UTF-8 isavariable-length, byte-based encoding that preserves ASCII transparency.

UTF-8 maintains transparency for al of the ASCII code values (0..127). These values do not appear in
any byte of atransformed result except as the direct representation of the ASCII values. Thus, ASCII text
isalso UTF-8 text.

Characteristics of UTF-8 include:

- Unicode code points 0 to 7F16 are each encoded with a single byte of the same value. Therefore,
ASCII characters take up 50% less space with UTF-8 encoding than with UTF-16.

- All other code points are encoded with multibyte sequences, with the first byte (Iead byte) indicating
the number of bytesthat follow (trail bytes). Thisresultsin very efficient parsing. The lead bytes are
in the range c016 to fd16, the trail bytes are in the range 8016 to bf16. The byte values fel6 and FF16
are never used.

- UTF-8 isrelatively compact and resource conservative in its use of the bytes required for encoding
text in European scripts, but uses 50% more space than UTF-16 for East Asian text. Code points up
to 7FF16 take up two bytes, code points up to FFFF16 take up three (50% more memory than
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