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– Structure
– Properties
– Encoding

• Key Specifications for Internationalization
• Unicode in the Real World
• How Unicode is Evolving



42nd Internationalization and Unicode Conference ‹#› Santa Clara, September 2018

Yahoo! Confidential

Unicode in Brief
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Unicode - Summary

• Universal Character Set replaces 
– ASCII
– 8-bit
– Double-byte and some multibyte

• Encompasses over 240 known coded character sets 
in use today

• Covers virtually all modern business languages
• Additional archaic and academic scripts
• Integrated with ISO 10646 as BMP
• Information: http://www.unicode.org
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History: Character Sets

• Evolved when and where the need arose

• Developed for stand-alone applications

• Many developed their own

• Example: 3270 nightmare
– A different encoding for each European country!

• Now:
– Over 250 character sets in use around the world

– Conversion? Any to any:  (n)(n-1)  > 62,000
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Solution: Unicode

• ISO 10646 - draft
– Make everyone happy?

• Each standard with own 16-bit plane

– Big mess! Not feasible

• Joe Becker/Xerox and XCCS
• Project began 1988

• Industry Consortium formed 1991
– Xerox and Apple initially

• ISO 10646 merged with Unicode 1992
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Some terminology …

• A “glyph” is a single visual unit of text.

• A “character” is a single logical unit of 

text.

• A “code point” is an integer assigned 

to a character.

• A �character set� is an organized 

collection of characters with code 

points.

• A �character encoding� is a mapping 

from a sequence of code points 

(characters) to a sequence of code 

units.

• A “code unit” is a single logical unit of 

storage (like a byte, wchar_t, int16_t, 

etc.)

À
U+00C0

(utf-8)0xC3 0x80
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Unicode (ISO 10646)

• Code space of up to 0x10FFFF characters 
(about 1.1 million)

• Unicode and ISO 10646 are maintained in 
sync. 

• Unicode is maintained by an industry 
consortium

• ISO 10646 is maintained by the ISO
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Internationalization and Unicode Conference 42 – Santa Clara – September 2018 10Unicode Tutorial

Structure of Unicode

§ Unicode divided in equal 
sized regions of code points.

§ 17 planes (0 through 0x10), 
each with 65,535 characters.

§ Plane 0 is called the Basic 
Multilingual Plane (BMP).
§ > 99% of text in the wild 

lives in the BMP

§ Planes 1 through 0x10 are 
called supplementary planes.

Unicode

BMP

ISO 10646
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Unicode Allocation - BMP

00    10    20    30    40    50   60   70   80    90    A0   B0   C0   D0   E0   F0  FE

General Scripts

Symbols

CJK Misc.

CJK Unified Ideographs

Private Use
Compatibility Zone

Hangul
Surrogates
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Unicode Allocation - BMP
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Unicode Allocation – Plane 1
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Supplementary Planes

Contain additional, rarer characters
– Plane 1: Rare, historical, or extinct scripts: 

Cuneiform, Gothic, etc. and Emoji
– Plane 2: Less common 

Chinese/Japanese/Korean ideographs

– 1024 x 1024 extra code points beyond BMP
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Usage Heat Map
http://reedbeta.com/blog/programmers-intro-to-unicode/
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Extensible via Surrogates

• 1024 * 1024 extra code points

• Rare characters in future use

• Structure:

– high-surrogate U+D800 - U+DBFF
– low-surrogate U+DC00 - U+DFFF
– surrogate pair represents a single character

• Scalar value: 0 - 10FFFF16
– N = U (no surrogates)
– N = (H - 0xD800) * 0x400 + (L - 0xDC00) + 0x10000

http://reedbeta.com/blog/programmers-intro-to-unicode/
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• An organized 
collection of characters.

• Each character has a 
code point
aka Unicode Scalar 
Value (USV)

• U+0041 <= hex 
notation

Unicode as the Universal 
Character Set
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Organized into blocks by script
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Compatibility Characters

������

¾ǈ¼ǋ½ǆ

������
�������

صلى الله عليه وسلمشممضھسس

fi fl ffi ffl st �

Compatibility Characters

Presentation Forms

legacy encoding: a term for non-
Unicode character encodings.

Many characters were included in Unicode 
for round-trip conversion compatibility with 
legacy encodings:
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Coverage – Scripts

• Arabic
• Armenian
• Bengali
• Bopomofo
• CJK Unified 

Ideographs
• Combining 

Diacritical Marks 
and symbols

• Currency Symbols
• Cyrillic
• Devanagari
• Dingbats 
• Punctuation and 

Symbols

• Georgian
• Greek
• Gujarati
• Hangul Jamo
• Hangul Syllables
• Hebrew
• Hiragana
• IPA Extensions

• Kanbun
• Kannada
• Katakana
• Lao
• Latin

• Malayalam
• Mathematical 

Operators
• Oriya 
• Private Use
• Spacing Modifier 

Letters
• Superscripts and 

Subscripts
• Surrogates
• Tamil
• Telugu
• Thai
• Tibetan
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Unicode Encodings
(and the Web)
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Unicode Encodings

• UTF-32
– Uses 32-bit code units. 

– All characters are the same width.

• UTF-16
– Uses 16-bit code units.

– BMP characters use one 16-bit code unit.

– Supplementary characters use two special 16-bit code units: a 
�surrogate pair�.

• UTF-8
– Uses 8-bit code units (bytes!)

– It’s a multi-byte encoding!

– Characters use between 1 and 4 bytes.

– ASCII is ASCII in UTF-8
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The Replacement Character

U+FFFD
• Indicates a bad byte 

sequence or a character 

that could not be 

converted.

• Equivalent to “question 

marks” in legacy 

encoding conversions

�
“there was a 

character here, but 
now it is gone”
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Special Noncharacter Values

• U+FFFE
– Mirror of U+FEFF, Byte Order Mark (BOM)
– Strong hint that text may be byte-reversed

• U+FFFF
– No requirement to interpret
– Should recognize as a non-character value
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Byte Order Mark (BOM)

U+FEFF
• Originally to indicate the “byte-

order” of UTF-16 code units

– 0xFE FF (UTF-16BE)

– 0xFF FE (UTF-16LE)

• Also used as a Unicode 
signature by some software 
(Microsoft) for UTF-8

– 0xEF BB BF
(early XML parsers don’t like this)

BOM

MO
B
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UTF-16

• Uses 16-bit code units (instead of the more-familiar 8-bit 
code unit, aka the “byte”)
• BMP characters use one unit
• Supplementary characters use a “surrogate pair”

• special code points that don’t do anything else.

• Used for uncommon range of U+10000 to U+10FFFF
• Expands UTF-16 support to 1,048,576 supplementary code points

0x1251

0xD800 0xDF38

High Surrogate Low Surrogate
0xD800-DBFF 0xDC00-DFFF Unique Ranges!
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Advantages and 
Disadvantages of UTF-16

• Most common 
languages and scripts 
are encoded in the BMP.
– Less wasteful than UTF-

32
– Simpler to process 

(excepting surrogates)
– Commonly supported in 

major operating 
environments, 
programming languages, 
and libraries

• May not be suitable for 
all applications
– Affected by processor 

architecture (Big-Endian 
vs. Little-Endian)

– Requires different data 
types in some languages 
(C, C++)

– Requires more storage, on 
average, for Western 
European scripts, ASCII, 
HTML/XML markup.
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UTF-8

• 7-bit ASCII is itself - 0xxxxxxx

• All other characters take 2, 3, or 4 bytes each
– lead bytes have a special pattern

– trailing bytes range from 0x80->0xBF

110xxxxx 10xxxxxx

1110xxxx 10xxxxxx 10xxxxxx

11110xxx 10xxxxxx 10xxxxxx 10xxxxxx

Lead Bytes Trail Bytes

U+0080-U+07FF

U+0800-U+FFFF

Supplementary
Planes 1-16

Code Points
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Advantages and 
Disadvantages of UTF-8

• ASCII-compatible

• Default or 
recommended encoding 
for many Internet 
standards

• Bit pattern highly 
detectable (over longer 
runs)

• Non-endian

• Streaming

• C char* friendly

• Easy to navigate

• Multibyte encoding 
requires additional 
processing awareness

• Non-shortest form 
checking needed

• Less efficient than UTF-
16 for large runs of 
Asian text
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UTF-8: The Default Internet Encoding

• RFC 3629, W3C 
CharMod, XML, etc.
– non-endian
– ASCII compatible
– basis for all new IETF 

protocols

Mar kup

Latin

Commo n

Han

Cyrillic

Hiragan a

Hangul

Katakana

Arabic

Th ai

Hebre w

Gree k

Unknown

2/3 of the Web is markup!
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UTF-8 on the Web
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Extensible via Surrogates

Surrogate characters in 

UTF-8
1111 0uuu 10uu zzzz  10yy yyyy 10xx xxxx

U+D8**-DB** + DC**-DF**

UTF-16 1101 10ww wwzz zzyy +
1101 11yy yyxx xxxx

UTF-32    0x00 - 0x10FFFF

uuuuu = wwww + 1
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Transfer Encodings

• A transfer encoding 
syntax is a reversible 
transform of encoded 
data which may (or may 
not) include textual data 
represented in one or 
more character 
encoding schemes. 

• Mail
• URIs
• IDN (domain names)

Abc���=?UTF-8?B?QWJj44K

944O844K5?=
Abc���
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Transfer Encoding Schemes 
for Unicode

• Some special transfer encodings exist:
– UTF-7
– Punycode
– URLEncode
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UTF-7: The XSS Encoding

UTF-7 uses 7-bit code units
– Not part of the Unicode 

Standard.
– More efficient than UTF-8 

MIME or quoted-printable
– Autodetected by browsers, 

enabling cross-site scripting 
(XSS) attacks!

– Encoding is deprecated by 
the W3C.

Encoded sequence 
start with + and 
ends with –
character.
Look! No script tag:

+z-
script>badAction+z-
/script>
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Internationalized Domain 
Names

www.��.jp
=> www.xn--wgv71a.jp

www.zürich.com 
=> www.xn--zrich-kva.com

www. شسس .com
=> www.xn--ie7ccp.com

• Punycode
An “ASCII Compatible Encoding” (ACE) used in 
Internationalized Domain Names (IDN)
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IRI and URLEncode

• Non-ASCII data often 
passed via URI
– GET parameters
– Path components

• UTF-8 is the standard 
encoding for URI 
percent escaping

À
U+00C0, 0xC0 in Latin-1
• %C0 // wrong!

• %C2%80 // right! 
(UTF-8)

Yahoo! Confidential

Unicode Annexes, 
Technical Reports and 
Technical Standards
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But Wait There’s More…

• Unicode Standard Annex (UAX)
– Integral part of the Unicode Standard
– Conformance to normative content may be required

• Unicode Technical Standard (UTS)
• Independent specification
• Conformance not required

• Unicode Technical Report (UTR)
• Informative
• Other specifications may refer to UTRs
• Conformance not required
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Unicode Standard Annexes

• UAX 9 Unicode Bidirectional Algorithm (UBA)
• UAX 11 East Asian Width
• UAX 14 Unicode Line Breaking Algorithm
• UAX 15 Unicode Normalization Forms
• UAX 24 Unicode Script Property
• UAX 29 Unicode Text Segmentation
• UAX 31 Unicode Identifier and Pattern Syntax
• UAX 34 Unicode Named Character Sequences
• UAX 38 Unicode Han Database (Unihan)
• UAX 41 Common References for Unicode Standard Annexes
• UAX 42 Unicode Character Database in XML
• UAX 44 Unicode Character Database
• UAX 45 U-Source Ideographs
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Unicode Technical Standards

• UTS  6  A Standard Compression Scheme for Unicode
• UTS 10 Unicode Collation Algorithm
• UTS 18 Unicode Regular Expressions
• UTS 22 Character Mapping Markup Language
• UTS 35 Unicode Locale Data Markup Language (LDML)
• UTS 37 Ideographic Variation Database
• UTS 40 Unicode Security Mechanisms
• UTS 46 Unicode IDNA Compatible Preprocessing
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Unicode Technical Reports

• UTR 16  UTF-EBCDIC
• UTR 17  Character Encoding Model
• UTR 20  Unicode in XML and other Markup Languages
• UTR 23  The Unicode Character Property Model
• UTR 25  Unicode Support for Mathematics
• UTR 26  Compatibility Encoding Scheme for UTF-16:8-Bit CESU-8
• UTR 33  Unicode Conformance Model
• UTR 36  Unicode Security Considerations
• UTR 45  U-Source Ideographs
• UTF 50  Unicode Vertical Text Layout
• UTR 51  Unicode Emoji
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Character Properties
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Character Properties

• Design Principle: Semantics
�D3 Character semantics: The semantics of a character are 

determined by its identity, normative properties, and behavior�

• From Unicode Character Database (UCD)

• Unicode Standard Annex #44



42nd Internationalization and Unicode Conference ‹#› Santa Clara, September 2018

Internationalization and Unicode Conference 42 – Santa Clara – September 2018 45Unicode Tutorial

Character Properties

• Name
• General Category

– basic partition into letters
– Numbers
– Symbols
– punctuation,

• Other important general characteristics
– Whitespace
– Dash
– Ideographic

– Alphabetic
– Noncharacter
– deprecated

• Display-related properties
– bidirectional class
– Shaping
– Mirroring
– Width

• Casing
– Upper

– Lower
– Title
– folding—both simple and full)

• Numeric values and types
• Script and Block
• Normalization properties

– Decompositions
– decomposition type

– canonical combining class
– composition exclusions

• Age (version of the standard in which the 
code point was first designated)

• Boundaries
– grapheme cluster
– Word
– Line
– sentence

• Standardized variants
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Properties - General

• Name
• Name_Alias
• Block
• Age 
• General_Category 
• Script 
• White_Space 
• Alphabetic 
• Hangul_Syllable_Type 
• Noncharacter_Code_Point 
• Default_Ignorable_Code_Point 
• Deprecated 
• Logical_Order_Exception 
• Variation_Selector

Lu = Letter, uppercase
Ll = Letter, lowercase
Lt = Letter, titlecase
Lm = Letter, modifier
Lo = Letter, other
Mn = Mark, nonspacing
Mc = Mark, spacing combining
Me = Mark, enclosing
Nd = Number, decimal digit
Nl = Number, letter
No = Number, other
Pc = Punctuation, connector
Pd = Punctuation, dash
Ps = Punctuation, open
Pe = Punctuation, close
Pi = Punctuation, initial quote (may behave like Ps or Pe depending on 

usage)
Pf = Punctuation, final quote (may behave like Ps or Pe depending on 

usage)
Po = Punctuation, other
Sm = Symbol, math
Sc = Symbol, currency
Sk = Symbol, modifier
So = Symbol, other
Zs = Separator, space
Zl = Separator, line
Zp = Separator, paragraph
Cc = Other, control
Cf = Other, format
Cs = Other, surrogate
Co = Other, private use
Cn = Other, not assigned (including noncharacters)

Letters

Marks

Numbers

Punctuation

Symbols

Separators

Other
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Properties - General

• Name
• Name_Alias
• Block
• Age 
• General_Category 
• Script 
• White_Space 
• Alphabetic 
• Hangul_Syllable_Type 
• Noncharacter_Code_Point 
• Default_Ignorable_Code_Point 
• Deprecated 
• Logical_Order_Exception 
• Variation_Selector
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Unicode Character Database

• code point
• name
• character class
• combining level
• bidi class
• case mappings
• canonical decomposition
• mirroring
• default grapheme clustering

ӑ (U+04D1)
CYRILLIC SMALL LETTER A WITH 
BREVE

§ letter
§ non-combining
§ left-to-right
§ decomposes to U+0430 

U+0306

§ Ӑ (U+04D0) is uppercase 
(and titlecase)
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Unicode Properties

• Each 
character�s 
properties can 
help you 
process and 
render text.

Yahoo! Confidential

Unicode Directionality
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Less Common Writing System 
Directions
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UTR #50 Unicode Vertical Text

• Unicode code charts 
generally show 
characters oriented for 
horizontal presentation

• Certain characters 
change shape or 
orientation when the 
text is rotated from 
horizontal to vertical.
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What is bidi?

• Short for bidirectional – where text and user 
interfaces can flow in two directions

• In memory looks like:

• Right-to-left (RTL) is where text 
predominately flows just the that direction (in 
general, Arabic, Hebrew, etc.)
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Bidirectional issues

• Flipping/mirroring
– Text
– User interface

• Exception handling (some examples)
– Phone numbers
– Images
– Shadows
– Charts
– Diacritics
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Bidirectional Text Issues
(and solutions)

• What UAX#9, the Unicode Bidi Algorithm 
(UBA), gets you
– Reordering

• Other matters with bidi text
– Shaping (Unicode data file shaping.txt)
– Diacritical marks
– Justification
– Numbers
– Text editing

Yahoo! Confidential

Unicode Normalization
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Normalization

• Representing data in 
more than 1 way  leads 
to errors

• E.g. The Mars Climate 
Orbiter mission was 
disastrous. Information 
expected to be metric, 
was sent in English units

• Solution- Adopt a 
standard representation-
Normalize
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Canonical & Compatibility 
Normalization

Unicode characters can have more than 1 
representation

• Canonical equivalence
– Indistinguishable, fundamental equivalence
– E.g. combining sequences, singletons
– “Å”      U+00C5                  (A-ring pre-composed) 

– “A+˚ ” U+0041 + U+030A (A + combining ring above)
– “Å”      U+212B                   (Angstrom)

• Compatibility equivalence
– E.g. Formatting differences, ligatures
– “�”  U+FF76   “�”  U+30AB (KA half and full width)

– “fi” U+FB01 (ligature fi)
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Unicode Normalization Forms

• Unicode Consortium has defined canonical 
and compatibility decomposition formats 
and 4 different sets of rules for 
normalization:

“ Unicode Normalization Forms”
http://www.unicode.org/unicode/reports/tr15/

Composed Decomposed
Canonical NFC NFD

Canonical+
Kompatibility NFKC NFKD
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W3 Normalization

• The W3C Character Model recommends 
Normalization Form C (NFC)
– Brings canonical equivalences to composed form
– Leaves compatibility forms as distinct
– Most legacy text is composed, and is unchanged

Composed Decomposed
Canonical NFC NFD

Canonical+
Kompatibility NFKC NFKD

http://www.unicode.org/unicode/reports/tr15/
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Fully Normalized Text

Text on the web SHOULD be Fully 
Normalized.

Fully Normalized text is either:
1. Unicode text in Normalization Form NFC, and
2. Does not contain character escapes or includes 

that upon expansion would undo point 1, and
3. Does not begin with a composing character.

or:
1. Legacy encoded text, which transcoded to 

Unicode satisfies the above.
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Normalization Examples

• Examples of Fully Normalized Text

“suçon”,     “su&#xE7;on”, 

“sub¸on”,   “sub&#x0327;on”

Note- Unicode does not have a composed b-cedilla.

• Examples that are not Fully Normalized

“suc¸on”,   “suc&#x0327;on” 

Reason: should use composed character “ç”

“¸on”,      “&#x0327;on”

Reason: should not begin with combining character
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Line Breaking and Text 
Segmentation
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Line Breaking

• Unicode Standard Annex #14 –
Unicode Line Breaking Algorithm

• Normative line breaking properties

• Line breaking identical across all 
implementations

• The Unicode Line Breaking Algorithm

– Tailorable set of rules that

– Uses line breaking properties in context
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Text Segmentation

• Unicode Standard Annex #29
Unicode Text Segmentation

• Grapheme Cluster Boundaries

• Word Boundaries
• Sentence Boundaries
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Text Segmentation

• Grapheme Clusters
– Useful for text selection

• Start, end grapheme cluster
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Text Segmentation

• Word Boundaries

– Used for �double-click� selection

• The | quick | brown | fox | can�t | jump | 
32.3 | feet | right
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Text Segmentation

• Sentence Boundaries

• Used for �triple-click� selection

• Many rules
• Script specific
• Language specific
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Unicode Collation (UCA)
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Unicode Collation (UCA)

• UTS#10 – Unicode Collation Algorithm
• Multi-level comparison
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Unicode Collation is not …

• Not aligned with character sets or repertoires of characters (e.g., Swedish 
and German)

• Not code point (binary) order (e.g., capital Z versus lowercase a)
• Not property of strings (e.g., list of cities, (e.g., German order, ö appear after 

z for Swedish name?)
• Not preserved under concatenation or substring operations, in general. (e.g.,  

x is less than y does not mean that x + z is less than y + z)
• Not preserved when comparing sort keys generated from different collation 

sequences
• Collation order is not a stable sort

– It is a property of a sort algorithm, not a collation sequence
• Collation order is not fixed

– Over time, collation order will vary
– There may be fixes that are discovered
– There may be new government or industry standards for the language
– New characters that are added to Unicode periodically will interleave with the 

previously-defined ones. Thus collations must be carefully versioned.
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UCA – Canonical Equivalence

Normalized before comparisonǺ
Original Form C Form D Form KC Form KD

U+01FA U+01FA U+0041 U+0301 
U+030A

U+01FA U+0041 U+0301 
U+030A

U+00C5 U+0301 U+01FA U+0041 U+0301 
U+030A

U+01FA U+0041 U+0301 
U+030A

U+212B U+0301 U+212B U+0301 U+212B U+0301 U+01FA U+0041 U+0301 
U+030A

U+0041 U+030A 
U+0301

U+01FA U+0041 U+0301 
U+030A

U+01FA U+0041 U+0301 
U+030A
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UCA - Contextual Sensitivity

• Complications in certain languages
– Comparison is context sensitive
– Depends on more than just single characters 

compared directly against one another
Example:
• Normal Accent Ordering

cote < coté < côte < côté
• French Accent Ordering

cote < côte < coté < côté
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UCA - Customization

• Language
• Strength

• Case Ordering
• User-Defined Rules

• Merging Tailorings
• Script Order

• Numbers
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UCA - Example

• Compare Base 
characters

cab = cab = cab < dab

• Compare Accents

cab = cab < cáb
• Compare Case

cab < Cab

Equivalent to comparing:
cabcabcab
cabcabCab
cabcábcab
dabdabdab

Compare: cab  cáb  dab  Cab
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UCA - Performance

• Sort keys
– Much faster for multiple comparisons
– Binary comparison is blindingly faster than 

string comparison
• It is faster to use sort keys

– Sorting more than 10 or so strings
– Enough storage
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UCA Demo

Yahoo! Confidential

Regular Expressions 
(regex)
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Regular Expressions (regex)

UTS #18

•Level 1: Basic Unicode Support
•Level 2: Extended Unicode Support
•Level 3: Tailored Support
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Level 1 Regex: Basic Unicode 
Support 

• Support for Unicode characters as basic logical units
– Independent of the encoding and scheme (UTF-8, UTF-

16BE, UTF-16LE, UTF-32BE, or UTF-32LE.) 

• Minimal level for useful Unicode support. 
• Does not account for end-user expectations for 

character support
• Satisfies most low-level programmer requirements. 

• Results are independent of country or language
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Level 1 Regex: hex 

Hex notation
[\u3041-\u309F \u30FC]  

Match Hiragana characters (�-�), plus prolonged sound 
sign (�)

[\u00B2 \u2082] 
Match superscript and subscript 2 (², ₂)

[a \u00010450] 
Match "a" or U+10450 SHAVIAN LETTER PEEP (a, �)

[aeiou\u0300\u0301\u0308]  
Match vowels with various European diacritics (Grave, 
Acute, Diaresis (aeiou ̀ ́ ̈ )
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Level 1 Regex: properties

Match Properties
[\p{L} \p{Nd}]  Match all letters and decimal digits
[\p{letter} \p{decimal number}]
[\p{letter|decimal number}]
[\p{L|Nd}]
[:^script=greek:] Match anything that does not have the Greek script
[:toNFC=Å:] The set of all characters X such that toNFC(X) = "a” 
[:toNFKD=A\u0300:] The set of all characters X such that toNFKD(X) = "a” 
[:toLowercase=a:] The set of all characters X such that toLowercase(X) = "a" 

Binary properties  Description
[:isNFC:] The set of all characters X such that toNFC(X) = X
[:isTitlecase:] The set of all characters X such that toTitlecase(X) = X
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Level 1 Regex: subtraction & 
intersection

[\p{L}--QW]  
Match all letters but Q and W

[\p{N}--[\p{Nd}--0-9]] 
Match all non-decimal numbers, plus 0-9.

[\u0000-\u007F--\P{letter}] 
Match all letters in the ASCII range, by subtracting non-
letters.

[\p{Greek}--\N{GREEK SMALL LETTER ALPHA}]
Match Greek letters except alpha

[\p{Assigned}--\p{Decimal Digit Number}--a-fA-Fa-fA-F] 
Match all assigned characters except for hex digits 
(using a broad definition).

Internationalization and Unicode Conference 42 – Santa Clara – September 2018 84Unicode Tutorial

Level 1 Regex: word boundaries

• <word_character>

– all the Alphabetic values from the Unicode 

character database

– U+200C ZERO WIDTH NON-JOINER

– U+200D ZERO WIDTH JOINER

• Nonspacing marks

– never divided from their base characters

– ignored in locating boundaries
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Level 1 Regex: loose matches

• Simple Loose matches
• Simple, default Unicode case-insensitive 

matching
• Simple, default Unicode case conversion

A a B b Ç ç Θ θ
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Level 1 Regex: line boundaries

• Recognize not only 

– CRLF, LF, CR

– NEL (U+0085)

– PS (U+2029)

– LS (U+2028).

• Formfeed (U+000C) also normally indicates an 

end-of-line.

\u000A | \u000B | \u000C | \u000D | \u0085 | 

\u2028 | \u2029 | \u000D\u000A
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Level 2 Regex: Extended Unicode 
Support

Accounts for extended grapheme clusters
Better detection of word boundaries
Canonical equivalence. 
• Still a default level

– Independent of country or language
– But provides much better support for end-user expectations than the 

raw level 1
• Level 2 is recommended for implementations that need to handle 

additional Unicode features
• In particular, the most useful and highest priority features in practice 

are:

Default Word Boundaries
Name Properties
Wildcards in Property Values
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Level 2 Regex

• Default Word Boundaries

– Use Unicode defaults

– Increased functionality from Level 1

• Name Properties �\N� (e.g. α-ω)

[\N{GREEK SMALL LETTER ALPHA}-\N{GREEK 
SMALL LETTER OMEGA}]
equivalent to [\u03B1-\u03C9]
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Level 2 Regex: Property Wildcards

[\p{name=/^LATIN LETTER.*P$/}]
Characters with names starting with "LATIN LETTER" 
and ending with "P"
U+01AA ( ƪ ) LATIN LETTER REVERSED ESH LOOP

U+0294 ( ʔ ) LATIN LETTER GLOTTAL STOP

U+0296 ( ʖ ) LATIN LETTER INVERTED GLOTTAL 
STOP

U+1D18 ( P ) LATIN LETTER SMALL CAPITAL P
[[:name=/CJK/:]--[:ideographic:]]

The set of all characters with names that contain CJK 
that are not Ideographic

Internationalization and Unicode Conference 42 – Santa Clara – September 2018 90Unicode Tutorial

Level 3 Regex: Tailored Unicode 
Support

• Tailored treatment of characters
– country- or language-specific behavior. 
– For example, the characters ch can behave as a 

single character in Slovak or traditional Spanish. 
– Information about extensions only useful for 

specific applications. 
• Reflect the end-users' expectations

– what constitutes a character in their 
language

– Order of the characters. 
• Performance impact to support at this level.
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Level 3 Regex: Tailored Unicode 
Support

• Tailored Punctuation – locale specific punctuation
• Tailored Grapheme Clusters – based on locale collation
• Tailored Word Boundaries
• Tailored Loose Matches
• Tailored Ranges – e.g. [b-d] matches c, ch, d
• Context Matching – context before and after match
• Incremental Matches
• Possible Match Sets
• Folded Matching – e.g. Fold katakana and hiragana 

together
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Level 3 Regex: Tailored Loose 
Matches

• exact match: bit-for-bit identity
• tertiary match: disregard 4th level differences 

(language tailorings)
• secondary match: disregard 3rd level differences such 

as upper/lowercase and compatibility variation (that is, 
matching both half-width and full-width katakana).

• primary match: disregard accents, case and 
compatibility variation; also disregard differences 
between katakana and hiragana.

[\v{SECONDARY}a-m]
Match a-m, plus case variants A-M, plus compatibility 
variants
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Considerations and 

Mechanisms
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Security Considerations

• Unicode Technical Report #36

• Visual Security Issues
– Single and mixed script spoofing

– Inadequate rendering support

– Bidirectional text spoofing

– Syntax spoofing

– Numeric spoofs

• Non-visual Security Issues

– UTF-8 Exploits

– Text Comparison

– Buffer Overflows

– Property and Character Stability

– Deletion of Noncharacters
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Unicode Security Mechanisms

• Unicode Technical Standard #39
• Offers mechanisms to address security

– Through Unicode data files
• General security profile

• IDN security profile
• Confusable detection

– Through script detection
• Per UAX#24
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Unicode Confusables Utility
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Non-Shortest Form

• UTF-8’s bit pattern can 

be used to encode the 

same code point using 

different byte 

sequences.

– This is illegal and 

considered “malformed” 

but must be checked for, 

as it is a security risk.

• U+0000 (NULL)

\x00 
[00000000]

\xC0\x80
[11000000 10000000]

\xE0\x80\x80
[11100000 10000000

10000000]

\xF0\x80\x80\x80
[11110000 10000000

10000000 10000000]

Yahoo! Confidential

Unicode and the Real World
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Unicode and the Real World

• The Unicode Consortium claims

“… These specifications (Unicode and 

CLDR) form the foundation for software 

internationalization in all major operating 

systems, search engines, applications, and 

the Web.”

• Let’s see if that really is true …
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Operating Systems

• Microsoft Windows
• Linux
• MacOS
• iOS
• Android

ASCII

Lati
n-1
ISO-2022
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Internet Standard

• Support or require Unicode
http://www.w3.org/International/

• All web standards 
– HTML, XHTML, HTTP

• Characters come from Unicode

•NCR, e.g. &#x263A; (☺) from Unicode

– XML : default is UTF-8
– JSON, JavaScript : characters are Unicode
– etc.

Internationalization and Unicode Conference 42 – Santa Clara – September 2018 102Unicode Tutorial

Web Interfaces

• Microsoft
http://msdn.microsoft.com/goglobal

– Internet Explorer
– Outlook, etc.
– .NET

• Mozilla
http://www.mozilla.org/docs/refList/i18n/li

bi18n/UnicodeConversion.html

– Firefox
– Thunderbird
– FFOS

• Apple <U+F8FF>

– Safari
– iCal
– Mail

• Web Companies
– Google
– Microsoft
– Twitter
– Facebook
– Amazon
– …

• All Browsers

http://www.w3.org/International/
http://msdn.microsoft.com/goglobal
http://www.mozilla.org/docs/refList/i18n/libi18n/UnicodeConversion.html
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I18n Libraries

• ICU – Open Source
– http://site.icu-project.org

• Rosetta Linguistics Platform 
Basis Technology 
– http://www.basistech.com

• PHP-intl – Open Source
– http://www.php.net/intl
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International Components for 
Unicode (ICU)

• Chars & Strings

• Conversion
• Locales & Resources

• Date/Time

• Formatting

• Transforms

• Collation

• Boundary Analysis

• Layout Engine
• …

• ICU4C
– C/C++ library

• ICU4J
– Java Extensions

http://userguide.icu-project.org/

http://site.icu-project.org/
http://www.basistech.com/
http://www.php.net/intl
http://userguide.icu-project.org/
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PHP-Intl

• Collator
• NumberFormatter
• Locale
• Normalizer
• MessageFormatter
• IntlDateFormatter
• Grapheme functions
• IDN functions

• Based on ICU

• PHP 5.3.0+
– bundled with release

• Earlier
– load from

http://www.php.net/intl

http://php.net/

Internationalization and Unicode Conference 42 – Santa Clara – September 2018 106Unicode Tutorial

Programming Languages

• C/C++
http://www.i18nguy.com/unicode/c-

unicode.html

http://www.open-
std.org/jtc1/sc22/wg21/docs/papers/
2007/n2238.html

– UTF-8 char* supported 
through locale

– UTF-16 
wchar_t datatype

• Java
http://java.sun.com/javase/technologies/

core/basic/intl/

– Char/String 
datatype is UTF-16

• C# 
http://msdn.microsoft.com/en-

us/library/ms228362%28VS.100%29.a
spx

– char and string are 
Unicode

• Python
http://docs.python.org/3.1/howto

/unicode.html

– UCS-2 or UTF-3 (no 
surrogate characters)

http://www.php.net/intl
http://php.net/
http://www.i18nguy.com/unicode/c-unicode.html
http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2007/n2238.html
http://java.sun.com/javase/technologies/core/basic/intl/
http://msdn.microsoft.com/en-us/library/ms228362(VS.100).aspx
http://docs.python.org/3.1/howto/unicode.html
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Scripting Languages

• PHP

– UTF-8 through mb_* when default is UTF-8

– mbstring.func_overload for UTF-8 str*

– intl extension for more support

• Ruby on Rails

– Unicode not well supported with early byte streams

– Ruby 1.9.1+ Characters in encoding, including UTF-8

– jRuby, built on Java VM supports Unicode

• ECMAScript, Javascript

– internal encoding is UTF-16

– Browser converts to Unicode
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Databases

• MySQL
http://dev.mysql.com/doc/mysql/en/Charset.html

– supplementary char support in 5.5.3+

• ORACLE Server
http://download.oracle.com/docs/cd/B19306_01/server.102/b14225.pdf

• Microsoft SQL Server 2005
http://technet.microsoft.com/en-us/library/ms190245%28SQL.90%29.aspx

• PostgresSQL
http://www.postgresql.org/docs/8.4/static/multibyte.html

• Sybase SQL Server
http://www.sybase.be/detail?id=1009186

http://dev.mysql.com/doc/mysql/en/Charset.html
http://download.oracle.com/docs/cd/B19306_01/server.102/b14225.pdf
http://technet.microsoft.com/en-us/library/ms190245(SQL.90).aspx
http://www.postgresql.org/docs/8.4/static/multibyte.html
http://www.sybase.be/detail?id=1009186
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Caution: Not Unicodey (by Default)

“In MariaDB, the default character set is latin1, 

and the default collation is latin1_swedish_ci...”

• Wait, what? Not Unicode (ideally UTF-8) by 
default? In this day of age?

• CAUTION: Configuration may be required.

Yahoo! Confidential

How Unicode Is Evolving



42nd Internationalization and Unicode Conference ‹#› Santa Clara, September 2018

Internationalization and Unicode Conference 42 – Santa Clara – September 2018 111Unicode Tutorial

Zalgo: Just for Fun

Courtesy of zalgotextgenerator.com
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How Unicode Is Evolving

• Unicode 11.0 release this last summer
• adds 685 characters
• for a total of 137,374 characters
• includes 7 new scripts

• More details of the release here:
• http://www.unicode.org/versions/Unicode11.0.0/

• Earlier annual releases moving forward

http://blog.unicode.org/2016/05/icu-joins-unicode-consortium.html
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http://www.unicode.org
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What’s Next/Getting involved

• Staying informed about Unicode
• Blog

• http://blog.unicode.org/

• Mailing List (including archives)
• http://www.unicode.org/consortium/distlist.html

• Public Review Issues (PRIs)
• http://www.unicode.org/review/
• http://www.unicode.org/review/index.html#feedback

• Join
• http://www.unicode.org/consortium/join.htm

http://blog.unicode.org/
http://www.unicode.org/consortium/distlist.html
http://www.unicode.org/review/
http://www.unicode.org/review/
http://www.unicode.org/consortium/join.htm
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Proposing Characters

• Character Pipeline
– http://www.unicode.org/alloc/Pipeline.html

• Submitting character proposals
– http://www.unicode.org/pending/proposals.html

• Submitting emoji proposals
– https://www.unicode.org/emoji/proposals.html
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Submitting Emoji Proposals

http://www.unicode.org/alloc/Pipeline.html
http://www.unicode.org/pending/proposals.html
https://www.unicode.org/emoji/proposals.html
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Adopt-a-Character
(funds help encode digitally disadvantaged languages)
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What We Covered

• Brief Background
• Structure of Unicode & Unicode Encodings
• Character Properties
• Directionality
• Normalization
• Line Breaking and Text Segmentation
• Unicode Collation Algorithm (UCA)
• Regular Expressions
• Security Considerations and Mechanisms
• Unicode in the Real World
• How Unicode is Evolving
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End

Unicode – The Advanced Tour
Mike McKenna

Craig Cummings
Tex Texin

September 2018

Yahoo! Confidential

Design Principles
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http://www.unicode.org

Unicode Consortium Design 
Goals

• Universal
– Repertoire must be large enough to encompass all characters that are 

likely to be used in general text interchange
• Efficient

– Plain text is simple to parse
– Do not have to maintain state or look for special escape sequences
– Character synchronization from any point in a character stream is quick 
– Fixed character code allows for efficient sorting, searching, display, and 

editing of text.
• Unambiguous

– Any given Unicode code point always represents the same character
– Character synchronization from any point in a character stream is quick 

and unambiguous
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10 Design Principles

• Universality
• Efficiency
• Characters, 

not glyphs
• Semantics

• Plain text

• Logical order
• Unification
• Dynamic 

composition
• Stability

• Convertibility
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Universality

The Unicode Standard provides a 
single, universal repertoire

• Single repertoire …
– Universal in coverage
– Characters for textual representation
– All modern writing systems
– Most historic writing systems
– Symbols used in plain text
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Efficiency

Unicode text is simple to parse and process

• Designed to make efficient implementation possible

– No escape characters or shift states

– Each character code has the same status as any other character 
code

– All codes are equally accessible

• Unicode encoding forms

– Self-synchronizing and non-overlapping

• Script characters

– Grouped together (as far as is practical)

– Convenient for looking up characters

– Implementations more compact

– Compression methods more efficient

– Common punctuation characters are shared.
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Characters, not glyphs

The Unicode Standard encodes characters, not glyphs

Internationalization and Unicode Conference 42 – Santa Clara – September 2018 126Unicode Tutorial

Characters, not glyphs

The Unicode Standard encodes characters, not glyphs
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Characters, not glyphs

Characters, not rendering
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Semantics

• Well defined 
semantics
– Text element 

boundaries
– Identifiers
– Sorting
– Searching

• Properties
– numeric
– spacing
– combination
– directionality

Characters have well-defined semantics
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Character Types

• Alphabetic Scripts
• Bidirectional Scripts

• Syllabic Scripts

• Ideographic Scripts
• Symbols

• Combining Characters

• Surrogate Characters

• Byte-Order-Mark (BOM) U+FEFF
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Plain text

Unicode characters represent plain text

• Enough information to permit text to be 
rendered legibly, and nothing more

• Public, Standardized, Universally readable

• Basic, interchangeable content of text

• NOT Rich Text. NOT styled text

• NOT a markup language!



42nd Internationalization and Unicode Conference ‹#› Santa Clara, September 2018

Internationalization and Unicode Conference 42 – Santa Clara – September 2018 131Unicode Tutorial

Logical Order

The default memory representation is logical order
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Unification

The Unicode Standard unifies duplicate characters 
within scripts across languages

• Avoids duplication from multiple standards
• Keeps compatibility with base standards
• U+5B57: Chinese zi, Japanese ji, Korean ja
• Compatibility Characters

– half-width

– full-width

– presentation forms (Arabic)

– mappings back to core Unicode



42nd Internationalization and Unicode Conference ‹#› Santa Clara, September 2018

Internationalization and Unicode Conference 42 – Santa Clara – September 2018 133Unicode Tutorial

Unification - Unihan

• If a trivial difference

– The Unicode Standard assigns a single code

– Typeface distinctions or local preferences in 

glyph shapes alone are not sufficient grounds 

for disunification of a character.

• Example: zh, ja "Bone"
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Dynamic composition

Accented forms can be dynamically composed

• Modifying marks follow characters they 
modify
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Combining Characters

Diacritic

Combining

Non-spacing
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Equivalent sequence

• Precomposed forms Ü Ä

• Combining sequences U + � A + �

Ü ≡ U + �
• Normalize to one or the other

See Unicode for detailed guidelines
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Equivalent sequence
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Stability

Characters, once assigned, cannot be reassigned 
and key properties are immutable

• Names do not change
– Used as identifiers that are valid across 

versions

• Allocation does not change
http://www.unicode.org/policies/stability_policy.html

http://www.unicode.org/policies/stability_policy.html
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Convertibility

Accurate convertibility is guaranteed between the Unicode Standard 
and other widely accepted standards

• Character identity is preserved for interchange with a 

number of different base standards

– National, international, and vendor standards.

• Where variant forms are given separate codes within 

one base standard

– (or even the same form)

• also kept separate in Unicode (Compatibility)

– Ex: JIS Zenkaku, Hankaku

• Mapping to base characters

– Ligature to separate character codes
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?

CS0

CS1

CS4

CS2

CS5CS3

CS1

CS5CS3

CS2

CS4

CS0

Unicode

Convertibility

• Mapping Tables
– National standards
– International standards
– Vendor standards

• Always a mapping 
– Unicode         base 

standards

• Replacement characters
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Versions of Unicode
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Versions – now at 11.0.0
• 1.0 Basis of Draft ISO 10646

• 1.1 Matches ISO 10646
• Characters added, moved, unified, reordered

• 2.0 Matches ISO 10646 plus amendments
• Hangul Syllables Area, new characters
• Added surrogates

• 2.1 Adds object replacement character and euro sign

• 3.0 19 new scripts
• Incl. Syriac, Thaana, Sinhala, Myanmar, Ethiopic, Cherokee, Canadian Aboriginal Syllabics, Khmer, Mongolian

• 3.1 Characters encoded in supplementary planes
• This version also made non-shortest form illegal

• 3.2 Several Philippine scripts; mathematical symbols; small sets of other letters and symbols.
• 4.0 6 new BMP scripts and extensions; 9 additional supplementary blocks

• 4.1 14 new BMP scripts and extensions; 4 additional supplementary blocks
• 5.0 5 new BMP scripts and extensions; 4 additional supplementary blocks

• 5.1 10 new BMP scripts and extensions; 7 additional supplementary blocks
• 5.2 7 new BMP scripts and extensions; 7 additional supplementary blocks
• 6.0 3 new BMP scripts and extensions; 9 additional supplementary blocks

• 6.1 3 new BMP scripts and extensions; 8 additional supplementary blocks
• 6.2 1 new character - Turkish Lira; UCA changes

• 6.3 5 new Bidi shaping characters, significant bidi handling enhancements, 
More details at http://www.unicode.org/unicode/standard/versions/

http://www.unicode.org/unicode/standard/versions/
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Unicode 4.0

• Extensive additions of CJK characters to cover dictionaries
and historic usage 

• Many new symbols for mathematical and technical
publication 

• Many individual characters such as currency symbols were 
added to other scripts, including Indic, Khmer, Latin, Greek, 

Arabic, Syriac
• Substantially improved specification of conformance 

requirements, incorporating the character encoding model 

• Encoding of supplementary characters
• Major expansion of Unicode Character Database properties 

and of specifications for text boundaries and casing 

• More minority scripts, including Limbu, Tai Le, Osmanya, 

and Philippine scripts 

• More historic scripts, including Linear B, Cypriot, and 
Ugaritic 
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Unicode 5.0

• 1,369 New Characters Added
– Cyrillic, Greek, Hebrew, Kannada, Latin, math, phonetic extensions, symbols, 

and five new scripts: Balinese, N�Ko, Phags-pa, Phoenician, and Sumero-
Akkadian Cuneiform.

– Both the BMP and the SMP (Plane 1)
• Unicode Character Database extended

– character repertoire additions, new block definitions and script values
• Scripts

– Unassigned code points were given a new Script property value of �Zzzz�
– Mongolian punctuation marks

• Unihan
– new provisional properties were added
– kCheungBauer, kCheungBauerIndex, and kFourCornerCoverage.
– There were numerous additions to the kCangjie property.

• Text Breaking
– Grapheme_Link was deprecated as a property and moved from PropList.txt to 

DerivedCoreProperties.txt.
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Unicode 5.1
• Characters

– New symbols: Mahjong, editorial punctuation marks, significant additions for math, capital Sharp S for German 

– Some new minority scripts for communities in Vietnam, Indonesia, India, Africa; plus historic scripts and punctuation 

marks 

• General Specification

– Important clarification of UTF-8 conformance 

– Improved guidance on use of Myanmar and Malayalam scripts, adding complete Indic support

– Definitions of extended base and extended combining character sequences

• Unicode Standard Annexes

– In UAX #14: improvements for conformance, changes to linebreaking for Polish and Portuguese hyphenation, and new 

test files 

– In UAX #15: stabilized strings and buffering guidelines for normalization 

– In UAX #29: enhancement of the algorithms for segmentation of grapheme clusters, words, and sentences 

– In UAX #31: added filtered identifiers, allowance of joiners in specific contexts for Indic languages and the Arabic script 

– New UAX #38: Unicode Han Database (Unihan)

– New UAX #42: Unicode Character Database in XML

– New UAX #44: Unicode Character Database (UCD)

• Properties 

– Deprecation of tag characters 

– Incorporation of Corrigendum #6: Bidi Mirroring, so that directional quotation marks are no longer mirrored 

– Revision of the definition of the Default_Ignorable_Code_Point property 

– New property values for text segmentation 

• Sentence_Break property values CR, LF, Extend, and SContinue 

• Word_Break property values CR, LF, Newline, Extend, and MidNumLet 

• Grapheme_Cluster_Break property values Prepend and SpacingMark 
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Unicode 5.2

• 6,648 additional characters -- for a total of 107,296 characters
• 7 new contemporary scripts

– Bamum, Javanese, Lisu, Meetei Mayek, Samaritan, Tai Tham, and Tai Viet

• 7 additional historic scripts
– Egyptian Hieroglyphs, Imperial Aramaic, Avestan, Kaithi, Old South Arabian, 

and Old Turkic, Inscriptional Parthian, Inscriptional Pahlavi

• A number other extensions
• Updates, revisions, clarifications
• Standard Annex Changes (a number)
• http://www.unicode.org/versions/Unicode5.2.0/

http://www.unicode.org/reports/tr38/tr38-5.html
http://www.unicode.org/reports/tr42/tr42-3.html
http://www.unicode.org/reports/tr44/tr44-2.html
http://www.unicode.org/versions/corrigendum6.html
http://www.unicode.org/versions/Unicode5.2.0/
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Unicode 6.0

• 2,088 additional characters -- for a total of 109,384 characters
• 3 new scripts

– Mandaic, Batak, and Brahmi 

• Many new symbols -- chief among them emoji for mobile phones. 
Other symbols include (by block name):

– Playing Cards, Miscellaneous Symbols and Pictographs, Transport and Map 
Symbols, and Alchemical Symbols

• Character Additions
– 222 CJK Unified Ideographs in Extension D
– For Ethiopic, Bamum, and Kana

• Changes to core specification, UAXs, etc., with no significant 
conformance impact

• More details at:
– http://www.unicode.org/versions/Unicode6.0.0/
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Unicode 6.0 Property Changes

• Addition of new provisional properties
– Indic_Syllabic_Category
– Indic_Matra_Category

• Other UCD and properties changes include:
– Deprecation of Hyphen, ISO_Comment, and several derived 

normalization properties
– Table additions for Deprecated and Stabilized properties
– Clarification of Bidi_Mirroring_Glyph, Logical_order_Exception, 

and White_Space properties
– Modifications to Matching Rules

• For more details see:
– http://www.unicode.org/reports/tr44/tr44-5.html#Modifications

http://www.unicode.org/versions/Unicode5.2.0/
http://www.unicode.org/reports/tr44/tr44-5.html
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Unicode 6.1

• 729 additional characters -- for a total of 
110,116 characters

• 7 new scripts

• Minor changes to normalization, the UBA, 
UCA, line breaking, Unihan
– http://www.unicode.org/versions/beta-

6.1.0.html
– Review period closes Oct 24, 2011
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Unicode 6.2

• Adds 1 (only one) character – for a total of 110,117 
characters.

• There were also significant changes to the collation weight 
tables, including improved handling of tertiary weights for 
characters with decompositions, and changed weights for 
some pictographic symbols.

• More details at:

– http://www.unicode.org/versions/Unicode6.2.0/

http://www.unicode.org/versions/beta-6.1.0.html
http://www.unicode.org/versions/Unicode6.2.0/
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Unicode 6.3

• Adds five new characters for Bidi handling, for a total of 
110,122 characters

• Significantly improved bidirectional behavior, plus 
standardized variation sequences for CJK compatibility 
ideographs, and better support for Hebrew word break 
behavior and for ideographic space in line breaking

• More details at:
– http://www.unicode.org/versions/Unicode6.3.0/
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Unicode 6.2 Other Changes

•UAX #11 East Asian Width: A note was added to definition ED3 in Section 4 to explain the East Asian 
Halfwidth property of U+20A9 WON SIGN.

•UAX #14 Unicode Line Breaking Algorithm: The text was modified so that property values and rules prevent 
breaks between Regional Indicator (RI) characters. (Sequences of more than two RI characters should be 
separated by other characters, such as U+200B ZWSP.)

•UAX #15 Unicode Normalization Forms: Additional equivalences were added to the Design Goals.
•UAX #24 Unicode Script Property: The text was rewritten substantially to incorporate a fuller explanation of 
the Script_Extensions property and its property value assignments. A disclaimer was added about the stability 
of Script and Script_Extensions property values.

•UAX #29 Unicode Text Segmentation: The text was modified so that property values and rules prevent 
breaks between Regional Indicator (RI) characters. (Sequences of more than two RI characters should be 
separated by other characters, such as U+200B ZWSP.) Regular expressions have been clarified in Table 1b, 
Combining Character Sequences and Grapheme Clusters.
•UAX #44 Unicode Character Database: The status of Script_Extensions was updated to informative and the 
type of Bidi_Mirroring was updated from String to Miscellaneous. The Unicode_1_Name property was marked 
as obsolete. A clarification was added regarding change control for normative and informative property values.

•UAX #45 U-Source Ideographs: UAX #45 has been updated from a Unicode Technical Report to a Unicode 
Standard Annex for this version. The data files for UAX #45 have been added to the Unicode Character 
Database.

http://www.unicode.org/versions/Unicode6.3.0/
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Common Locale Data 
Repository (CLDR)
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CLDR

• Repository for Locale Data

– Language, territory, script

– Formats

• Dates, times, number, currency

– Information for searching, sorting, and comparison

– Characters used in locale

– Calendar information

– Supplemental information and more

• UTS #35 LDML Locale Data Markup Language

– Specifies the format for representing locale data in XML

• http://cldr.unicode.org
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CLDR

• Example: 
– http://unicode.org/repos/cldr/trunk/common/main/pl.xml

Internationalization and Unicode Conference 42 – Santa Clara – September 2018 156Unicode Tutorial

CLDR Survey Tool Demo

http://unicode.org/repos/cldr/trunk/common/main/pl.xml
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The Unicode Database

Internationalization and Unicode Conference 42 – Santa Clara – September 2018 158Unicode Tutorial

Unicode Database

• Unicode Character Database (UCD) : a set of 
files that defines

– Unicode character properties

– Internal mappings

• For each property, the files determine

– The assignment of property values to each code 

point

– Recommended property aliases

– Property value aliases for textual parsing and 
display in environments such as regular 
expressions
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UCD - Unicode Data

• Name
• General_Category
• Canonical_Combining_Class
• Bidi_Class
• Decomposition

– Decomposition_Type
– Decomposition_Mapping

• Numeric
– Numeric_Type
– Numeric_Value

• decimal digit
• Digit
• numeric

• Bidi_Mirrored
• Comments

– Unicode_1_Name
– ISO_Comment

• Case Mapping
– Simple_Uppercase_Mapping
– Simple_Lowercase_Mapping
– Simple_Titlecase_Mapping
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UCD Property Files

• ArabicShaping
• BidiMirroring
• Blocks
• CompositionalExclusions
• CaseFolding
• Derived Age
• EastAsianWidth
• HangulSyllableType
• Jamo
• LineBreak

• NameAlias
• NormalizationCorrections
• PropertyAliases
• PropertyValueAliases
• Scripts
• SpecialCasing
• Unihan
• DerivedCoreProperties
• DerivedNormalizationProps
• PropList
• UnicodeData
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UCD Auxiliary Property Files

• GraphemeBreakProperty
• SentenceBreakProperty

• WordBreakProperty
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UCD Derived Extracted Property 
Files

• DerivedBidiClass
• DerivedBinaryProperties
• DerivedCombiningClass
• DerivedDecompositionType
• DerivedEastAsianWidth
• DerivedGeneralCategory

• DerivedJoiningGroup

• DerivedJoiningType
• DerivedLineBreak

• DerivedNumericType
• DerivedNumericValues
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Other UCD Files

• Index
• NamesList

• NormalizationTest
• StandardizedVariants

• NamedSequences
• NamedSequencesProv

Yahoo! Confidential

Normalization
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Does toNFC(x)=toNFC(y) and
toNFD(x)=toNFC(y)?
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Demo NF(C&D)
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Compatibility Demo
(or why the Web is NFC and not NFKC)
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Another Compatibility Demo 
NFK(C&D)
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A Word on Accent Foldings…
(why we need those silly accents)
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More Foldings…(case mappings)
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Unicode Compression
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Unicode Compression

• Once in a script probability is most 
following characters will be in same script

• UTS#6 – SCSU
– Standard Compression Scheme for 

Unicode
– Most alphabetic single byte
– Most Asian double byte
– Better compression than Zip, Gzip
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Unicode Compression

Example: Öl fließt 
Unicode code points (9 code points): 
00D6 006C 0020 0066 006C 0069 0065 00DF 0074 

Compressed (9 bytes): 
D6 6C 20 66 6C 69 65 DF 74 

Example: Москва
Unicode code points (6 code points): 
041C 043E 0441 043A 0432 0430 

Compressed (7 bytes): 
12 9C BE C1 BA B2 B0
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Unicode Compression

Example: Japanese (116 characters)
�AC6���+���+AC6���*�&
�
���AC6'	��(!�-�.�*�/%���2
:>B5C=@D9�'<85C�?:4E?:3C;:
7@F�0��,%���.�� '�$���2:>B
���%1"���)#�.�

Compressed (178 bytes)
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Unicode Compression

Example: Japanese
Compressed into script windows


