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Principal Engineer, Amazon.com
Chair, W3C Internationalization 

Working Group
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I want to shop in my 
language.

Je veux vendre mes 
articles en Allemagne

Ben anneannem bir 
hediye kartı 
göndermek istiyorum.

Ich möchte in Euro 
bezahlt werden.

Я хочу, чтобы 
мой завтра 
товаром.

Quiero la mejor 
calidad por el 
precio más barato.
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A B A
¿mamá?

A B
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Mogę jeść szkło i 
mi nie szkodzi. 

Ich kann Glas 
essen, ohne mir 
zu schaden. 
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Population 
range

Living languages Number of speakers
Count Percent Cumulative Total Percent Cumulative

100,000,000 to
999,999,999

8 0.1 0.1% 2,529,403,578 40.20547 40.20547%

10,000,000 to
99,999,999

82 1.2 1.3% 2,480,078,977 39.42144 79.62691%

1,000,000 to
9,999,999

304 4.3 5.5% 915,659,448 14.55462 94.18154%

100,000 to
999,999

943 13.3 18.8% 296,136,843 4.70717 98.88870%

10,000 to
99,999

1,822 25.7 44.5% 61,802,734 0.98237 99.87107%

1,000 to 9,999 1,982 27.9 72.4% 7,633,408 0.12133 99.99241%

100 to 999 1,065 15.0 87.4% 464,299 0.00738 99.99979%
10 to 99 338 4.8 92.1% 12,777 0.00020 99.99999%
1 to 9 140 2.0 94.1% 560 0.00001 100.00000%
0 206 2.9 97.0% 0 0.00000 100.00000%
Unknown 212 3.0 100.0%
Totals 7,102 100.0 6,291,192,624 100.00000

6708

394
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A combination of shared, pre-agreed, 
conventions and experiences.

Culture is arbitrary.
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Why 360 
degrees?

Base-60 
Number 
System

“About” 360 
days in a year

“Going Down”

“Going Up”
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The design and development of a product that is 
enabled for target audiences that vary in culture, 
region, or language. [W3C]

Internationalization is enabling a customer’s 
cultural needs in software
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• Localization: creation of a product tailored to 
a particular target market

• Translation: process of converting text from 
one language to another

• Globalization: unified approach to creating 
global products, especially those that support 
multiple geographies simultaneously
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I N T E R N A T I O N A L I Z A T I O N
I  1  2  3  4  5  6  7  8  9 10 11 12 13 14 15 16 17 18 N

I18N

Localization = L10N
Globalization = G11N
Canonicalization = C14N
Accessibility = A11Y

It is an architecture.
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Globalized Product Development

Technical Problems Business Decisions



9/20/2018

16



9/20/2018

17

New
Marketplaces

Growth Customer 
Experience

Traffic/
User Base

Localization

Local Features
I18N

Get Close To Your 
In-Country 
Resources

Product managers, lawyers, 
sales people, etc. etc. 

And especially customers.
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Get to know your international customers

Does your design consider international needs?

Does your design consider local requirements?
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Your greatest savings in effort and cost will be 
realized if you design with international 

customers and localization in mind.

• The translator will have 
to abbreviate if it won’t 
fit.

• The translation can 
wrap around.

• The translation can 
truncate with ellipses.

• Just make the font 
smaller.

• This feature isn’t used 
in country X.

• We can just remove one 
of the features in the 
target language.
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Are you really going to build a separate product 
with a separate code base, build, testing, 

release, support, maintenance, features, etc.?

The I18N Engineering Team

The Regular Engineering Team
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• Does the enabled product work correctly?
– Non-English configurations
– Non-ASCII data and encoding support
– Cross time zone support
– Market specific features or customizations

• Does localization appear correctly?
– Is the product localizable?

– Test Non-English configurations
• Non-English locales
• Native configurations 

– Test Non-ASCII data
• Encodings, encodings, everywhere
• Non-ASCII character values

– Test Across Time Zones
• Two or more time zones; consider international date 

line (“it’s tomorrow in Japan”) and DST issues
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Initially
• Get tools that are 

enabled!
– Automation allows greater 

coverage, but only if it 
works.

• Plan encodings and 
locales as part of the test 
matrix.

• Acquire third-party 
products as necessary.

• Pseudo

Increasing Maturity
• Use test driven 

development practices.
• Get developers to write 

unit tests that are 
internationalized.

• Put the ‘i18n’ bugs into 
the regression suite.

• Smoke/BAT and other 
tests automated in all 
locales

Create both native and simulated environments:
– Native operating systems may have minor but 

sometimes critical differences (folder names, 
keywords, localized registry entries)

– Most features don’t run into native differences 
(easier to work with English-localized machines)

– Don’t buy physical keyboards (use software 
keyboards)*
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• Don’t forget:
– Demos and Demo Data
– Dictionary, Language add-ons
– Local offers, links to Web store, etc.
– Packaging
– Regulatory
– Customer service

Global

NA

EU

FE

US

CA

MX

GB

DE

…

Global Binary

Language Pack

A “global binary” is a single 
object-code version that is 
used in all markets, 
regardless of localization.

A “global binary” is a single 
object-code version that is 
used in all markets, 
regardless of localization.
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When you ship the target languages on the 
same day as the source language.

– It might not make sense for your product.
– But it might not be as difficult as you think it is. 
– It promotes good internationalization—and other 

software development best practices.

Making Code Aware of Culture
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• Enabled software:
adapts the display, processing, validation, storage, 
and transmission of data according to the cultural, 
linguistic, and regional needs of the users

– Text, Characters, and Encodings
– Locale Awareness
– Times and Time Zones

TEXT AND UNICODE
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No 
fonts

Ransom 
noting

Latin-1 UTF-8 bytes 
in Latin-1 database
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0110100101010010
1001010101110101
0101010110100010
1010111101010101
1101101101101001
0101001010010101
0111010101010101
1010001010101111
0101010111011011

Ç'është Unicode?, in Albanian 
ዩኒኮድ ምንድን ነው? in Amharic
in Arabicما هي الشفرة الموحدة "يونِكود" ؟ 
Ի՞նչ է Յունիկոդը ? in Armenian
ইউিনেকাড কী? in Bangla
ዩኒኮድ ውረኒ ግን? in Blin
Какво е Unicode ? in Bulgarian
什麽是Unicode(統一碼/標準萬國碼)? in Trad'l Chinese

什么是Unicode(统一码)? in Simplified Chinese
Što je Unicode? in Croatian
Co je Unicode? in Czech
Wat is Unicode? in Dutch

? in Deseret
Kio estas Unikodo? in Esperanto
Mikä on Unicode? in Finnish
Qu'est ce qu'Unicode? in French
რა არის უნიკოდი? in Georgian
Was ist Unicode? in German
Τι είναι το Unicode; in Greek (Monotonic)
Τί εἶναι τὸ Unicode; in Greek (Polytonic)
?(Unicodeמה זה יוניקוד ( in Hebrew
यǓूनकोड Èया है? in Hindi
Mi az Unicode? in Hungarian
Hvað er Unicode? in Icelandic
in Uyghurيۇنىكود دىگهن نىمه؟ 
Unicode dégen néme? in Uyghur (Latin)
Unicode là gì? in Vietnamese
Beth yw Unicode? in Welsh

Text

यǓूनकोड يونيكود

ユニコード
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AaAa AaAa AaAa AaAa AaAa
AAAA AaAa AaAa

AaAa AaAa AaAa
AaAa AaAaAaAa AaAa
AaAa AaAa AaAa AaAa ونيكودي

Glyph

A single rendered shape: what the user
sees on the screen, paper, or as output

Ǔन
ユニコード

यǓूनकोड

Grapheme
Cluster
Ǔन ド ي

A single visual unit of text: the smallest 
abstract unit of meaning in a writing system.

ユニコードयǓूनकोडونيكودي
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Character

A single logical unit of text

न ि◌
Ǔन ド ي

Character Set

A set of characters

Character Repertoire

न ि◌ド …AaBbCcDdي
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Coded 
Character Set

A set of characters in which 
each character is assigned a 

numeric identifier.

https://r12a.github.io/uniview/

Code Point
Unicode Scalar Value
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010000010101101101101000

010000010101101101101000 (0x41)

Other code units exist (16-bit, 32-bit, etc.)

byte

Code Unit

A unit of physical storage and information interchange

Character 
Encoding 
Form

Maps code points to code units

À
U+00C0

11000011  10000000 
0xC3 0x80 

UTF-8
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• The simplest character 
encoding form: one 
character maps to one 
code unit (byte)

• Good for languages 
with small character 
sets and limited display 
requirements

À
U+00C0

11000000 
0xC0  

windows-1252

• One character maps to 
differing numbers of 
code units (which could 
be bytes) 

À
U+00C0

11000011  10000000 
0xC3 0x80 

UTF-8

Multibyte Encoding
a variable width encoding form 

whose code unit is the byte.
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• In order to reach 
more characters, 
Shift-JIS multi-
byte characters
start with a 
limited range of 
“lead bytes”

• These can be 
followed by a 
larger range of 
byte values
(“trail byte”)

Single byte characters 
in Shift-JIS don’t have 

a lead byte

• Lead bytes can be 
trail byte values

• Trail bytes include 
ASCII values

• Trail bytes include 
special values such 
as 0x5C (“\”)

int pos = strchr(mybuf, ‘@’);

@あ漾烽

0x40 0x82 0xA0 0xE0 0x40 0xE0 0x82
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Squares (or other symbols) show instead of 
the characters because local fonts don’t have 
a glyph (picture of the character).

Check with: 
http://r12a.github.io/apps/conversion/
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文字化け == “garbled characters”
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All text has a 
character encoding

When things go wrong, start by asking what the 
encoding is, what encoding you expected it to be, 
and whether the bytes match the encoding.

In memory, on disk, on the network, etc. 

यǓूनकोड

• Characters (graphemes) can require multiple 
Unicode codepoints.

यǓूनकोड

न ि◌
NI!
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• Each character (codepoint) can require either 1 or 
2 code units

語 U+8A9E 0x8A9E

🐄 U+1F404 0xD83D.DC04

• 7-bit ASCII is UTF-8: all other characters 
(codepoints) require 2, 3, or 4 bytes.

A U+0041 0x41

Á U+00C0 0xC3.80

語 U+8A9E 0xE8.AA.93

🐄 U+1F404 0xF0.9F.90.84 
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यू Ǔन को ड🐄 

E0 A4 AF E0 A5 82 E0 A4 A8 E0 A4 BF E0 A4 95 E0 A5 8B E0 A4 A1
F0 9F 90 84 EF BC 8F

092F 0942 0928 093F 0915 094B 0921 D83D DC04 FE0F

5
9
10
28

092F 0942 0928 093F 0915 094B 0921 1F404 FE0F
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👪 U+1F45A
👨 👩 👧 👧 U+1F468 U+200D U+1F469 U+200D

U+1F467 U+200D U+1F467
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• Line breaking. Sentence breaking. Finding 
words. Hyphenation. Text selection. UPPER or 
lower or Titlecasing. Sorting. Searching. 
Regular expression matching. And more…

Natural 
language 

and locale-
aware APIs

Locale

Enabling culture in software
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• an identifier or data structure that allows 
programmers to access culturally and 
linguistically affected functionality in a system.

Many systems based on IETF BCP 47.
Unicode’s Common Locale Data Repository project 
(CLDR) uses BCP 47.
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“Alphabet” differences
ASCII vs. the world
Mixed language information sets
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• Unicode Technical Standard #10: Unicode 
Collation Algorithm (aka “UCA”) is the basis 
for many implementations of sorting Unicode
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I have 12 pages of “T”?

• Some language content is 
sorted by pronunciation. 
Chinese and Japanese, for 
example.
– text doesn’t contain this 

information directly! 
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• Wide range of 
variation

• Obscure formats
• Difficult to obtain 

reliable information 
on formats

• Lots of work to 
implement and 
maintain

Enabling means not 
having to know 
(m)any of the details

• Each programming language or operating 
environment provides its own. Sometimes these 
are complimentary (e.g. Java + Android)

• Add-on libraries (notably ICU) or platform specific 
add-ons (for example, PHP intl mod) are 
sometimes useful.

• (Go find and learn yours)
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A Unicode Consortium project to gather high-quality locale data. Used 
by many (not all) operating environments.
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• Identify your locale bias
– Field names matter!

• “Postal Code”, not “ZIP code”.
• Family Name/Given Name, not First Name/Last Name

– Avoid problems if possible.
• Postal address parsing? Area code? Etc.

– Identify your assumptions.
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Content LanguageCustomer Locale

Jurisdiction
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Understand Encodings and Unicode
All text has an encoding!

Be Locale-Aware
Create locale-neutral data structures
Separate display from storage

Understand time and time zones
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Making software localizable
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dates

numbers

images

colors

addresses

local rules

strings

Your Application

local rules, regulatory requirements, postal addresses, default bookmark lists, your company’s customer service phone numbers

Locale-independent 
global binary

Locale-dependent 
resources

(includes code)
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Text
Error messages 
Icons
Pictures
Fonts
Colors
Graphics
Sizes
Positions
Magic Numbers
Mnemonics
Dictionaries
Glossaries
Grammar Rules
Culturally specific code

Before After

• The process of tailoring a product to a specific 
target market.
– Translation of messages
– Adaptation to local preferences
– Addition (or subtraction) of content or features
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… but it isn’t “internationalization”
• Localizability is internationalization.

– Externalize text
– Externalize presentation
– Enable dynamic composition
– Plan distribution of language content
– “Plug-in” features

Localization is part of the release process too.
– Changes to the user interface cost the localization 

team time and money.
– (Changes to the product cost the documentation 

and QA folks too)

• May need to institute change control or a UI 
freeze
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• Don’t Hard Code Stuff
– Put strings in resources. 
– Never hardcode your user interface.

• Learn and use message formatting APIs.
– Do not concatenate strings. 
– Do not write your own replacement syntax.

public static main(Object[] args) {

System.out.println(“Hello, world!”);

System.exit(0);

}

I18N 
Bug!
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private String hello() {

ResourceBundle rb = 
ResourceBundle.getBundle(“helloResources”);

return rb.getString(“hello”);

}

“Hello, World!”
« Bonjour Monde! »

…

private String hello(String name) {

return “Hello, “ + name + “!”;

}

Hello, George!
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String value =
"You can find used " 
+ product + 
" in the warehouse deals.");

116

French Resource File:

msg.part.1 : “Vous pouvez trouver d’occasion ”
msg.part.2 : “ dans les offres de destockage.”

English Resource File:

msg.part.1: “You can find used ”
msg.part.2: “ in the warehouse deals.”
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117

You can find used flash drives in the warehouse deals.en-US

Vous pouvez trouver d’occasions dans les offres de destockage.des clés usbfr-FR

Vous pouvez trouver d’occasions dans les offres de destockage.des clés usbfr-FR

Correct version: 

Internationalized APIs insert values into 
complete thought sentences, formatting 
appropriately:

[] files out of [] were deleted.
An error occurred at [] on [].

Page [] of []
Processing: []% complete.
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“There were “ + numTables + “ tables on “ + date + “.”

There were {0} tables on {1}.

There were {0,number,integer} tables on {1,date,short}.

{1,date,short}に{0,number,integer}のテーブルがあった。

Number and type the replacement variables!

“You have {0,number,integer} {1} in your cart.”
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– There were one errors found.
– You have earned your 22th set of bonus points.

More than one pattern string 
is needed when the message 
varies according to the value 

being formatted?

public String makePlural(String noun) {

return noun + "s";

}
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Some Sheeps

There were no errors.

There was 1 error.

There were 2 errors.

0:There were no errors.

1:There was {0} error.

2:There were {0} errors.
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0:не было ошибок
1:была {0} ошибка
2:были {0} ошибки
5:были {0} ошибок

x1:была {0} ошибка
x2-x4:были {0} ошибки
x5-x0:были {0} ошибок

10-20:были {0} ошибок

* Not just a Russian thing. Other languages have similar needs.

String pattern = "{0,plural,
=0 {Zero items} 
one    {An item} 
other {{0,number,integer} items}}";

MessageFormat fmt = new 
MessageFormat(pattern, myLocale);
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1 000,00, 1 001,00, 1 002,00, 1 003,00, 
1 004,00, 1 005,00, 1 006,01, 1 007,01, 

1 008,01, 1 009,01, 1 010,01
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• Beware your 
biases—even 
“good” ones.

Meet your friends on our 
new social website for 

India

Avoid metaphors
Avoid cultural sensitivities
Avoid body parts
Replace as necessary
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• 30% in length (alphabetics)
• May require larger font sizes (ideographics)
• But… a rule of thumb, not a “fact”

Measure your results with care.

That says 
“Goodreads”
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• German does have (some) longer words. 
• So if the German fits, we’re done right?

Japanese
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Device name, “notification bullet”, and 
time all overlapping
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• What are the rules for expansion? 
• Would you design an English dialog that follows 

those rules? 
• Do you seek to avoid the expansion in English?
• What assumptions am I making about culture or 

language? 
• Does the feature pertain to the language of the 

UX or of the content?

• Use Resources.
• Use MessageFormat to build strings.
• Use MessageFormat to format insert values.
• Use complete thoughts.
• Handle plurals correctly.
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price { 1134.0, “JPY”}

“We charged your card US$1,134.00.”

• Some content should be externalized but not translated
– Sometimes referred to as “DNT” for “do not translate”

• Externalize? Yes…
– Segregate DNT material from translated material if possible (by 

using separate resource files or separate resource blocks within a 
file).

– Developers can’t always tell when something should or should not 
be DNT… and neither can translators (context is missing)
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• Instructions to the translators on how to be 
consistent, your house style, the tone you 
want.
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Consider doing Product Name Analysis.

Modifying your software to address a specific linguistic, 
cultural, or jurisdictional set of requirements.
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• Externalize all resources—strings, numbers, fonts, 
images, settings

• Use international APIs for string assembly, plurals, 
genders, and formatting

• Prefer built in formats or skeletons
• Test drive with pseudo
• Customize features where it makes sense—using 

code as a resource

… is a fundamental architectural approach: it is how 
software is built.
– Design
– Enabling
– Externalization
– Customization
– Testing and Support
– Lifecycle
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Q&A

Would you write the code for I18N on the 
whiteboard before you go?

#define UNICODE
#import I18N.h


