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Today’'s Agenda

®

The I18n Stack

Challenges in the i18n space that ICU4X seeks to solve
Overview of the ICU4X project

Interactive: Build your first app using ICU4X

How the ICU4X locale data pipeline works

Interactive: Plug custom data into your app

Wrap up

|22 SN =L

\ 00 280 2 2 2

M
>
$
#
X
v
¥
ed
@
K

UUUUUUU



What is 118n?
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Examples of i18n Operations

Today's date in various locales and
calendars:

en: 4/27/2023
de-CH: 27.4.2023
he: 6 5783 1'xa
bn: a/50/5888 5T
zh: 20234 =H8
ja: R5/4/27
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Breakpoints in Japanese text
(words may be multiple ideographs
wide):
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The 118n Stack

Unicode:
Foundational algorithms, specification,
character set




The 118n Stack

CLDR:
Data for hundreds of locales, specs for
MessageFormat, person names,
keyboards, ...




The 118n Stack

ICU:
Code that implements the algorithms in
Unicode with the data in CLDR




The 118n Stack N

Making i18n easy to use from applications
(example: ECMA-402, android.icu)




The 118n Stack




Challenges with Scaling i18n




Quadratic Growth of Data

Coverage —

Locales —



Adding languages has diminishing ROI

Cumulative Installs by # of Default Languages
80
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Installs (Millions)
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Number of Languages

If adding a language increases app size by 100 kB,
reducing total downloads by 0.25%
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New programming languages every year

PYPL PopularitY of Programming Language

— C/C++
— — Dart
Go

10% ,_.‘ —— Java
. — e
- w —— JavaScript
—— Kotlin

‘ > —
O == R Objective-C
— PHP

1%
—— Python
—— Rust

2006 2008 2010 2012 2014 2016 2018 2020 2022 2024




118n-as-a-service doesn't make sense

— Low latency requirements PORBEA/TRAEN~E
—> Data-heavy algorithms ;l; ﬁL j gﬁjg;ﬁf |—*)El/£ ‘JEEG%Q) g?lh
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Wish List for a Scalable i18n Library

%
%
%
%
%

Pay for what you use and not what you don't use

Add extra locales on demand

Run on all types of devices

Work in both today's and tomorrow's programming languages
Run everything on-device
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Enter ICU4X




Whatis ICU4X?

ICU4X is an internationalization library that is:

1. Portable by design

— Runs on all types of devices with supported wrappers for multiple programming
languages
2. Lightweight
— Modular design, great for compile-time dead-code elimination and data slicing

3. Secure
—  Written in Rust, a memory-safe language



Who are we?

unicode

Google amazon



The Journey to ICU4X

2019
Problems
identified.
Multiple
solutions
prototyped.

2020

Started work
in Unicode.
Early infra.

2022 2023

ICU4X 1.0 ICU4X in

released. Firefox, Pixel
Watch.

5th Birthday! &r

o

2025

ICU4X 2.0,
shipped in
Android,
Chrome.



Example ICU4X Clients

The quick brown fox
M ate a zesty
hamburgerfons «2.
The 88 laughed.

At (299 s34 45.739 Lypit




More ICU4X Clients

® 4

Segmentation, Temporal Unicode Rustc error
Temporal (shipping in properties messages
December)



ICU4X WebAssembly Demo
Date Time Formatting ~ Segmenter

Locale

bn | other | LocaleID

Grouping Strategy

Never | Always | Min2

Enter a number

3.141

Formatted



ICU4X is Fast and Tiny

DateTimeFormatter Performance (lower is better)

3

Formatting 100k Medium Dates (sec)

ICU4C 76

ICU4X 1.5 Blob ICU4X 1.5 Baked ICU4X 2.0 Blob ICU4X 2.0 Baked

Impl

DateTimeFormatter Memory Use (lower is better)

1E+10

1E+9

1E+8

1E+7

Formatting 100k Medium Dates (bytes allocated)

1E+6

ICU4C 76

ICU4X 1.5 Blob ICU4X 1.5 ICU4X 2.0 Blob ICU4X 2.0
Baked Baked

Basic Number Format: Code Size

Code Size (kB)

800

600

400

200

ICu4C

ICU4X

Word Break Perf: Non-Complex

Segment [l Constructor

B Provider [ UTF8->UTF16
150000
100000

50000

. .

ICU4C ICU4X Auto

Word Break Perf: Chinese

Segment [l Constructor
B Provider [ UTF8->UTF16

80000
60000
40000
20000

o —

ICU4C ICU4X Auto



Building Your First App Using ICU4X




How This Tutorial Will Work

—> Get your laptops out!

—> The tutorial can be done in Rust or JavaScript



What We Will Build

In Rust:

— A command-line app that takes a locale and style and formats today's
date.

In JavaScript:

— A web Ul that takes a locale and style and formats a date from a date
picker



APls we will use

In Rust:

—> 1dcu::locid::Locale, icu::datetime: :DateTimeFormatter
—> Explore the docs at http://docs.rs/icu

In JavaScript:

—> 1dcu::Locale, icu::DateTimeFormatter
—> Explore the docs at https://icudx.unicode.org/2 1/tsdoc/



http://docs.rs/icu
https://icu4x.unicode.org/2_1/tsdoc/

https://tinvurl.com/icud4 x21intro

(20 minutes)



https://tinyurl.com/icu4x21intro

Recap

1. ICU4X is easily deployed in Rust, JavaScript and beyond
2. We implement CLDR standards for date formatting

3. ICU4X is well documented with many examples


https://jsfiddle.net/ye3k09c8/
https://gist.github.com/rust-play/5ad0bed1c089f5e202cc05b85ba9bf71
https://gist.github.com/rust-play/5ad0bed1c089f5e202cc05b85ba9bf71
https://jsfiddle.net/ye3k09c8/1/
https://gist.github.com/rust-play/2e5c190df50cd70f1ea44e8fa4c3f572
https://gist.github.com/rust-play/2e5c190df50cd70f1ea44e8fa4c3f572

Managing data in ICU4X




Data provider

trait DataProvider<M: KeyedDataMarker> {

fn load(&self, DataRequest) -> Result<M::Value, DataError>;

1. The data provider trait (~interface) underlies everything ICU4X does with data

2. KeyedDataMarker represents an atomic unit of locale-specific data, associated with a
data key
a. For example "Gregorian date symbols"

3. The trait abstracts the actual data loading mechanism away



Data provider

impl DateTimeFormatter {
pub fn try_new_with_unstable<P>(&P, preferences, options) -> Result<Self, Error>
where P: DataPayload<TimeSymbolsV1>
+ DataPayload<TimelLengthsV1>
+ DataPayload<OrdinalV1i>

+ ...



Concrete data providers

1. You can implement your own data providers if you want to load data from custom
sources
2. ICU4X comes with multiple implementations for different scenarios:

a.

Baked data writes the data directly into Rust code. This is zero-overhead, and can
be compiler optimized.

Blob data uses a platform independent binary serialization scheme. This allows
loading data at runtime.

Provider adapters are available to combine multiple adapters for powerful runtime
data pipelines.



Baked data

DateTimeFormatter::try_new_unstable(
icu: :datetime: :provider: :Baked,
prefs,
options

Struct icu::datetime::provider:Baked &

pub struct Baked;

[-] Baked data

# This code is considered unstable; it may change at any time, in breaking or non-breaking ways,

including in SemVer minor releases. In particular, the *DataProvider' implementations are only

guaranteed to match with this version's **_unstable’ providers. Use with caution.

Trait Implementations

impl
impl
impl
impl
impl
impl
impl
impl
impl
impl
impl

impl

DataProvider<BuddhistDateLengthsViMarker> for Baked
DataProvider<BuddhistDateSymbolsViMarker> for Baked
DataProvider<ChineseDatelLengthsV1iMarker> for Baked
DataProvider<ChineseDateSymbolsV1iMarker> for Baked
DataProvider<CopticDateLengthsViMarker> for Baked
DataProvider<CopticDateSymbolsVliMarker> for Baked
DataProvider<DangiDateLengthsViMarker> for Baked
DataProvider<DangiDateSymbolsViMarker> for Baked
DataProvider<DateSkeletonPatternsViMarker> for Baked
DataProvider<EthiopianDateLengthsViMarker> for Baked
DataProvider<EthiopianDateSymbolsViMarker> for Baked

DataProvider<ExemplarCitiesViMarker> for Baked

source - [-]

source

source

source

source

source

source

source

source

source

source

source

source



00 01 02 03 04 05 06 07 08 09 OA 0B 0C 0D OE OF Decoded Text
00 04 04 81 F5 5C 04 1B 00 00 00 E3 01 1B 00 00 \
00 00 00 00 00 02 00 00 00 04 00 00 00 06 00 00

00 0B 00 00 00 0D 00 00 00 OF 00 00 00 15 00 00
00 1B 00 00 00 21 00 00 00 27 00 00 00 2C 00 00
00 3C 00 00 00 48 00 00 00 4A 00 00 00 4C 00 00

00 4E 00 00 00 50 00 00 00 52 00 00 00 5E 00 00
00 60 00 00 00 62 00 00 00 64 00 00 00 66 00 00
00 68 00 00 00 6F 00 00 00 71 00 00 00 62 6E 63
73 64 65 64 65 2D 41 54 65 6C 65 6E 65 6E 2D 30
30 31 65 6E 2D 30 30 32 65 6E 2D 30 31 39 65 6E
2D 31 34 32 65 6E 2D 47 42 65 6E 2D 47 42 2D 75
2D 73 64 2D 67 62 65 6E 67 65 6E 2D 78 2D 72 65
76 65 72 73 65 65 6F 66 61 66 69 69 73 6A 61 6A
61 2D 78 2D 72 65 76 65 72 73 65 6C 61 70 74 72
6F 72 75 73 72 73 72 2D 4C 61 74 6E 76 69 7A 68
1C 01 18 02 91 97 19 03 10 0D OE OF 11 1A 04 oC
. 13 08 0B 14 15 00 05 06 12 17 0A 16 09 CF 04 1B
BlobDataProvider::try_new_from_blob( 00 00 00 00 00 00 00 6B 00 00 00 16 00 00 80 22

00 00 00 2E 00 00 00 3A 00 00 00 46 00 00 00 52

[@X@@, @X@4, @X@4, @X81, ...].into(), 00 00 00 5E 00 00 00 6A 00 00 00 77 00 00 00 85

O v H-0O 03 ~0 0 DU

o 5w 0o c 3 e o0

DateTimeFormatter::try_new_with_buffer_provider(

00 00 00 94 00 00 00 A3 00 00 00 B3 00 00 00 C3

) X unwrap( ) , 00 00 00 D3 00 00 00 E6 00 00 00 FA 00 00 00 OF
01 00 00 24 01 00 00 3A 01 00 00 50 01 00 00 67

prefs 01 00 00 81 01 00 00 9B 01 00 00 B7 01 00 00 0A
’ 41 76 65 2C 20 6D 75 6E 64 65 OA 48 61 6C 6C 6F

. 20 57 65 6C 74 OB 41 68 6F 6A 20 73 76 C4 9B 74
OptlonS 65 @B 48 65 6C 6C 6F 20 57 6F 72 6C 64 @B 4F 6C
6C 65 68 20 44 6C 72 6F 77 0B 4F 6C C3 A1 2C 20

) 6D 75 6E 64 6F OB 53 61 6C 75 74 2C 20 6C 75 6D
65 0B 53 65 72 76 75 73 20 57 65 6C 74 0B 68 65

69 20 6D 61 61 69 6C 6D 61 0C E4 BD A@ E5 A5 BD

E4 B8 96 E7 95 8C @D 50 6F 7A 64 72 61 76 20 73

76 65 74 65 OF 48 61 6C 6C C3 B3 2C 20 68 65 69

6D 75 72 O 53 61 6C 75 74 6F 6E 2C 20 4D 6F 6E

64 6F OF 48 65 6C 6C 6F 20 66 72 6F 6D 20 F 9F

8C 8D OF 48 65 6C 6C 6F 20 66 72 6F 6D 20 FQ OF

8C 8E OF 48 65 6C 6C 6F 20 66 72 6F 6D 20 F 9F

8C 8F 12 48 65 6C 6C 6F 20 66 72 6F 6D 20 FQ OF

97 BA EF B8 8F 13 48 65 6C 6C 6F 20 66 72 6F 6D

20 FO 9F 87 AC F@ 9F 87 A7 14 Do 9F D1 80 D@ B8

D@ B2 D@ B5 D1 82 2C 20 DO BC Do B8 D1 80 14 D8

B3 D9 84 D8 A7 D9 85 20 D8 AF D9 86 DB 8C D8 A7

m O 0o 0o 0Ec ~7T3 W O O




Blob data

trait DynamicDataProvider<M: DataMarker> {

fn load_data(&self, DataKey, DataRequest) -> Result<M::Value, Error>;

trait BufferProvider {

fn load_buffer(&self, DataKey, DataRequest) -> Result<&[u8], Error>;

}



Provider adapters

Locale
Blob
‘ fallback 3
adapter

Baked

Forking Customizer

adapter

Provider




Generating data

1. If compiled data is too limiting, users can generate custom data
a. Compiled data includes hundreds of locales, which increases binary size

2. Datais sliced by locale (user selection) and data key (automatic)
3. Data can be tailored depending on runtime usage, e.g. with respect to
fallback



https://tinvurl.com/icud4 x21intro2

(20 minutes)



https://tinyurl.com/icu4x21intro2

Recap

1. We can dynamically load language packs
2. Use static analysis to generate sufficient data

3. Narrower APIs allow generating smaller data



Questions?




