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Abstract
An important issue when typesetting a multilingual article is the visual
harmony of multiple typefaces displaying different language systems in
the same paragraph. This paper looks at the limitations of user interfaces
when dealing with properties of diverse typefaces; provides a survey of
existing efforts to overcome such limitations within publishing software;
and suggests a method to apply similar functionalities in web browsers.
multilingual.js is an open-source JavaScript library first developed during
the process of creating the website for 4th <T'ypojanchi>. The library is
distributed at http://multilingualjs.github.io, so that it can easily be used
by designers working with East Asian languages.
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Background

Korean sentences written in Hangeul sometimes require notation in
additional languages to convey the accurate meaning. Because a large

part of Korean vocabulary consists of Sino-Korean words, there are

times when Chinese characters are written alongside to distinguish
homonyms. Moreover, it is sometimes inevitable to use English alongside
Korean in order to clarify the meaning in academic or technical writing.
The current Korean orthography also contains a number of elements
adopted long ago from other languages, such as Arabic numerals and
punctuations. An important issue when typesetting a multilingual article
is the harmony of two or more typefaces displaying different language
systems within a single paragraph. This harmony can be defined with
regards to historical context or visual elements. In any case, in a technical
point of view, the most important thing in weaving different typefaces
each of which has evolved with its own unique history and system is to
effectively control the harmony.

The Current State of Multilingual Typesetting

Because Hangeul, Roman Alphabets and Chinese characters are often
used together in our daily lives, most Korean fonts include glyphs of
Hangeul, numerals, Roman Alphabets and often Chinese characters too.
Therefore, a relatively organized multilingual typesetting is possible
simply by using one Hangeul typeface. However, sometimes one needs
to use multiple typefaces in a single paragraph, such as when typesetting
characters not included in Hangeul fonts such as Japanese characters or
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when applying a separate font to Roman alphabets only. Such situations
raise two practical issues. The first issue is the inconsistency of a
paragraph caused by the varying attributes of typefaces. While there are a
lot of variables to consider when applying multiple typefaces in a single
paragraph, such as the basic form of the typeface, the width, weight,
spacing, and height, it is very difficult to find typefaces within which
these aspects elegantly relate. These typefaces are grouped arbitrarily,
regardless of their varying philosophy and standards.

The second issue is the absence of an effective user interface (UI)
that supports this kind of multilingual typesetting. In a typical graphic
user interface, designers ‘select’ the area of entered text by clicking or
dragging then ‘apply’ a typeface onto the selected area by designating
a specific font from the font list of the system. This interface model is
designated to apply one typeface for each area, hence is inconvenient
when applying more than two typefaces in a single sentence. Therefore,
in order to attempt multilingual typesetting of different typefaces using
such a user interface, one needs to rely on workarounds; first apply
a typeface of a particular language that has wide variety of glyphs, then
apply another typeface with limited glyphs. However, such a workaround
is not only a method officially supported by the software manufacturer—
contains the risk of becoming obsolete after any software update—but
also involves some serious design flaws. The following part of this paper
will look at existing cases of UI complementing these flaws, and then
propose a method for mixed writing in a way that is controllable within
the web browser.
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<html>
<body>
<p>CCL2 TAMAE (worldwide)Q! 2tOJMA AJARRLIC</p>
</body>
</html>

/* apply Helvetica to the entire body text */

p {
font-family: Helvetica, Arial, sans-serif;

}
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Multilingual Typesetting in Web Browsers

Unlike publication design, where the usage of typefaces is solely
controlled through software’s user interface, web typography is managed
by HTML, which expresses the content of the document, and CSS,
which designates the expression method of the content. This is done by
writing a series of code for the process of ‘selecting’ a particular string
of characters and ‘applying’ a typeface. Below is a typical example of
such code:

<html>
<body>
<p>CCL2 FMIAH (worldwide)Ql ZO|MA AJABQILICE</p>
</body>
</html>

/* apply Helvetica to the entire body text */

p {
font-family: Helvetica, Arial, sans-serif;

}

Online documents are not physically materialized in a complete form like
printed matter. Typography described with HTML and CSS is reproduced
only through the fonts that are installed in the viewer’s computer.

Thus it is common to set some fallbacks in case the selected typeface

is not installed. In the example above, the list of fonts (CSS font stack)
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font-family: 'FoundersGroteskTextWeb', 'NotoSansCJKkr-Regular-2350',
Arial, sans-serif;

1 The Founders Grotesk
Text is the body text typeface of
Founders Grotesk, a revival font
of the Classic Grotesque made
for titles by Klim Type Foundry
in New Zealand.

2 Noto Sans is an open
source font commissioned
by Google and Adobe and
co-produced with font
companies worldwide. Sandol
Communication produced
the Hangeul version. Google
released the font as Noto
Sans CJK Korean, within

the Noto Sans font family;
Adobe released it as Source
Han Sans (Bon Gothic

in Korean), a member of

the Source Sans family.

is declared after font-family. The instruction here is to first look for
Helvetica, one of the OS X default typefaces; if Helvetica is absent, look
for Arial, one of the Windows default typefaces; if both are absent, look
for the sans-serif typeface set as default in the browser settings and use
it to display the HTML document.

Such a method for applying typefaces allows the application of
multiple typefaces in one area like the aforementioned workaround in
publication design softwares where typefaces with different glyphs are
applied multiple times in one selected area. In the above example, since
neither Helvetica nor Arial include Hangeul glyphs, Hangeul is displayed
using one of the sans-serif Hangeul typefaces installed in the OS where
the document is displayed: Apple Sandol Neo Gothic in the case of
OS X, and Malgun Gothic or Gulim in the case of Windows. Therefore,
the above example document is most likely be represented by the set of
Helvetica/Apple Sandol Neo Gothic (OS X) or Arial/Malgun Gothic or
Gulim (Windows) depending on the viewer’s computer.

The usual online multilingual typesetting is done this way, by
utilizing CSS font stack. For example, the <T'ypojanchi> official website,
developed by Kang E Roon and So Wonyoung, used the following CSS
font stack. According to this, Roman Alphabets are displayed in Founders
Grotesk Text!, and Hangeul in Noto Sans’.

font-family: 'FoundersGroteskTextWeb', 'NotoSansCJKkr-Regular-2350',
Arial, sans-serif;
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font-family: SourceCodePro, NotoSans, sans-serif;
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The Problem of a Forced Multilingual Typesetting 3 Source Co_iehP;o is fan
The use of CSS font stack or assigning typefaces multiple times to :gg;;?wffcie;a:h;elzgz dor
a paragraph using a software are forced methods, in that they allow the as a part of Adobe’s Source
number of glyphs in a font to determine the result,instead of the user Sans family.

having control. For an extreme case of this type of disadvantage, one
can imagine a situation where Hangeul is set in Noto Sans and Roman
Alphabets are set in Source Code Pro?, a fixed-width typeface.

font-family: SourceCodePro, NotoSans, sans-serif;

Source Code Pro is composed of glyphs including Roman Alphabets,
numerals, punctuations, various symbols and blank spaces as English
based typefaces usually are. Thus, due to CSS rules that show glyphs in
whatever first typeface comes first in the font stack, all elements available
in Source Code Pro will be displayed in Source Code Pro, including spaces
and punctuations. This will harm the readability of the paragraph as

seen in [1].

Even if one is not mixing a fixed-width typeface with a proportional-
width Hangeul typeface, the fact that the typeface declared later is
dependent on the attributes of the typeface declared earlier poses

a structural problem. This problem relates not only with letter spacing
but also with diverse attributes such as the font size, line length and
more. It is possible to improve this problem by controlling the attributes
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with granularity by developing a separate user interface for forced
multilingual typesetting.

Prologue: The 4th <T'ypojanchi> Website
We came across the problem of forced multilingual typesetting within
a web browser while designing and developing the <T'ypojanchi>. We
looked for typefaces with good readability, light weight, and which
reveals the characteristics of the technical interface that we provided in
the website, consisting of lists and maps that draws the locations of the
exhibition and participating artists. We decided to work with Founders
Grotesk Text for Roman Alphabets and Noto Sans for Hangeul.

The problem was that there was a severe difference in the font sizes
when the two were used together in a single paragraph. As <T'ypojanchi>
was an international typography biennale with many foreign participating
artists, the task of writing Roman Alphabets and Korean together
occurred frequently. Therefore, we needed a management tool for a more
delicate multilingual typesetting than the CSS font stack provided.

Case 1: Precedent of a Controlled Multilingual Typesetting

Adobe InDesign has improved the situation of a forced multilingual
typesetting in publication design by introducing the function called
Composite Font. Composite Font is a method of setting size, baseline,
horizontal/vertical ratio, etc, independently for each element of Hangeul,
Roman alphabet, numerals, symbols and producing a virtual typeface that
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has individual settings all of these properties. The attribute of the virtual 4 AJavaScript library
. i dularized, pre-wri
typefac§ that was ‘genera"[ed can always be n'lanaged through Composite ;z\;g:;l;t a;:gz fofr’r;();ﬁ;en
ont editor, and since this virtua eface is a single typeface tha features that can be used by the
Font edit d th tual typef gle typeface that
combines various typefaces, it can be easily used through the existing public for easier development.
‘selecting’ and ‘applying’ interface. 5 jQuery is a popular
Such method of managing multilingual typesetting offers JavaScript framework, which can

_— . . be extended by vari lug-ins.
significant control over the paragraph inconsistency, caused by ¢ exiendec by varions plug-ins

the conflicting attributes of various typefaces, which is the initial problem
of multilingual typesetting.

Case 2: Microtypography in Web Browsers

lettering.js is a well-known open-source JavaScript library* for improved
typography on the web. It exists in the form of a plug-in for the jQuery’
framework, and helps to control the styling of individual characters in an
HTML document. Unlike the typical graphic user interface environment
where one can apply particular attributes by clicking each letter with

the mouse, elements in HTML documents are styled through CSS, and in
order to control the styling of individual characters, each character needs
to be assigned with a unique class, leading to an unnecessarily complex
HTML document. lettering.js automates this process by wrapping all

the letters within the designated area with the <span> tag and specifying
the class name.
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InDesign CC 2015.
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'Seoul Welcomes You'

<br>
" eled gl 3FY 2

<br>

<span class="en-within-ko">'Seoul</span> =
$0

<span class="en-within-ko">Welcomes</span>
<span class="en-within-ko">You'</span>
3 s

<br>
</span>

>

computed [[[IE) Metrics

.en-within-ko — application.css:774
@ font-size: 1.13em;
letter-spacing: @em;

:lang (ko) — application.css:768

@ Filter Styles

Y ts
>l T | [T < [©) Diss 292MB (D1.24s & Q~ Search
T2 Elements 4
€03 E/ R Y ] O 8 s 0 Node (NN Layers

[5] <span> |15 o]-83F
eya IR AL} R E
Abx0) ZAF A7) xfole] £,
Adjusting the font size of
Founders Grotesque and Noto
Sans which using the <span> tag.



APPE G ko] BE FRFE 247 <span> Bl AT SR 018

Aoz XgsiEth

<script>
$(document).ready(function() {
$(".fancy_title").lettering();
b;
</script>

<hl class="fancy_title">
<span class="charl">S</span>
<span class="char2">o</span>
<span class="char3">m</span>
<span class="char4">e</span>
<span class="charb5"></span>
<span class="char6">T</span>
<span class="char7">i<{/span>
<span class="char8">t</span>
<span class="char9">1</span>
<span class="charl@">e</span>

</h1>

A2k ) Bk Ao M g 402271 & 7HsSHA sk 2hol B e g o] A
lettering.js7} R3St QA E At o2 SA o]E& AT £ UAESE
AHE O & <span> HI1E A Ychs 72 & &80 oj=n] QItx}ele

<script>
$(document).ready(function() {
$(".fancy_title").lettering();
b;
</script>

<hl class="fancy_title">
<span class="charl">S</span>
<span class="char2">o</span>
<span class="char3">m</span>
<span class="char4">e</span>
<span class="charb5"></span>
<span class="char6">T</span>
<span class="char7">i<{/span>
<span class="char8">t</span>
<span class="char9">1</span>
<span class="charl@">e</span>

</h1>

Proposition: Developing a Library that Enables Controlled Multilingual
Typesetting in Web Browsers

Utilizing the structure that automatically inserts <span> tag in order
to automatically grant a class name for elements, it is possible to gain
control through CSS in a way that resembles the functionality of Adobe
InDesign’s Composite Font. We implemented this through JavaScript
while developing The «T'ypojanchi» website. This simple script filters

N
M
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6 This is a social coding
platform that is based on

Git, a version management
software. Searching for various
open source projects and
participating in development is
possible.

a specific language within an HTML document using regular expressions
and assigns a designated class name through wrapping these with the
<span> tag. After the class names of Roman Alphabet and Hangeul in

a paragraph are separately assigned, one can control the font size for
English and Korean separately using CSS easily.

This script was originally developed to solve the multilingual
typesetting issue of The <T'ypojanchi> website, but is in active
development to become more general-purpose. At the time of writing
(April 2016), the version 0.1.0 is open to the public in GitHub.® The script
can be used to control multilingual typesetting in web browsers with
not only Hangeul and Roman Alphabets but also Japanese and Chinese
characters.[5]

multilingual.js
multilingual.js is an open-source JavaScript library that allows for detailed
control over multilingual typesetting in HTML/CSS settings, in the
manner of Adobe InDesign’s Composite Font functionality. Currently the
source is open to public in GitHub (https://github.com/multilingualjs/
multilingual.js) in the form of a jQuery plug-in.

This plug-in selects words displayed in specific character sets
in an HTML document using regular expressions. Then, it wraps those
words with <span> tag and assigns a particular class name according
to the language and symbol. The character sets supported by default
include English (en), Hangeul (ko), Chinese characters (cn), Japanese



FH2 o]F& Rt} 7|2 02 AYEE EAF A Ex gol(en),
ZF20i(cn), €E(ip), £RHnum), & FS(punct)7} I, E7]<]
she A= 7
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%% =0l Bx 9] EA olg& AFste A 5ttt
ericied
%]4] ¥7-2 https://github.com/multilingualjs/multilingual.js/releasesol| A]
the 2 Esto] x| 7Fssteh

HTMLS] <head> Bj L Qtofl 2} AIE 5}& AFYsict
<link href="multilingual.css" rel="stylesheet" />
HTMLY] <body> Bj17} E1}7] Ao multilingual.js T+-& A¢dstct

<script type="text/javascript" src="jquery.multilingual.js">
</script>

characters (jp), numerals (num), and punctuations (punct). It is also
possible to specify a separate class name for specific letters.

Installing

Install by downloading the latest version at:
https://github.com/multilingualjs/multilingual.js/releases
Insert the stylesheet file inside the HTML’s <head> tag.

<link href="multilingual.css" rel="stylesheet" />

Insert multilingual.js file before closing HTML’s <body> tag.

<script type="text/javascript" src="jquery.multilingual.js">
</script>

NJ
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<script>
$(document).ready(function(e){
$(".content").multilingual([
"en, "num"
1;
B
</script>

19 diAlelM = #olx)7F 2 9E wintt} content A E 71 9.4 QY
BE YL AMs, G (en)d £AKhumS Fato] Z-Zte] thol/Fxtol

ml-en =& ml-num 2 o] F& T3ttt oA X 419 HTML
TEE o Zh

Qe <p>BE ccLe| HEHO|E{ol= Z|ASt license a2 7I&ste 1702 RDF
Eg|Z0| YteA| ZEHELICH/p>

H2|F <p>BE <span class="ml-en">CCL</span>2| HIEE|OIE|0lE Z[AFt <span
class="ml-en">license</span> #& 7|&ste <span class="ml-
num">1</span>’f2| <span class="ml-en">RDF</span> E2|Z0| HIEA|

=ZEHELCH</p>

NJ

IS

In Use
After installation, one can initialize and configure the plug-in within
JavaScript as seen below:

<script>
$(document).ready(function(e){
$(".content").multilingual([

"en", "num"

;
b;
</script>

In the example above, when the page loads, the script looks at all elements
within the class name content in order to find Roman Alphabets(en) and
numerals(num), and assign each word or letter to either the ml-en class
or the m1-num class. The resulting HTML structure of the so treated
document is as follows;
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/* example css for multilingual.js */
p {
font-family: NotoSans, Helvetica, Arial, sans-serif;
font-size: 16px;
line-height: 23px;
}
.ml-en, .ml-num {
font-family: LiberationMono, Courier, monospace;
letter-spacing: -0.02em;
position: relative;
top: -0.05em;

}
.ml-num {
color: gray;

}
Y
pa

Original <p>BE CCLe| HEHO|E{ol= =A%t license a2 7ZI&sk= 1702 RDF

Text ER2|Z0| HtEA| ZEHELICH/p>

After <p>BE <span class="ml-en">CCL</span>2| MEHO[E0|E Z|A8t <span

Processing  class="ml-en">license</span> #g 7|&sHs <span class="ml-
num">1</span>7i2| <span class="ml-en">RDF</span> E2|Z0| HIEA|
ZSHEILICH</p>

After processing, because each character set is assigned with individual
class names, detailed control of multilingual typesetting can be achieved
by simply applying CSS styles relevant to each class name.

/* example css for multilingual.js */
p {
font-family: NotoSans, Helvetica, Arial, sans-serif;
font-size: 16px;
line-height: 23px;
}
.ml-en, .ml-num {
font-family: LiberationMono, Courier, monospace;
letter-spacing: -0.02em;
position: relative;
top: -0.05em;
}
.ml-num {
color: gray;

}



1 718 A Al E: multilingual js7} X|&oH= A M E+= th53 Zot[6]
2 AALE BXFAE: 7|E BAL AE olglolw B FAHE S Alela
A O|5E AP 5 Utk o] EHH G SAF|e HAR Ao
AEFERSHAL Al wle o o] 2715 Hl ¢holl REAER S
A7gaf 5oL, x7gek 224 o]F(className)S CSSOA] AAGHH FTt,

$(".content").multilingual([
"en", {
className: "ml-parenthesis", /* Z2iA 0|22 o{™ ZI0|E 7p55ict. Class
name can be anything */
charset: '()' /* ml-parenthesis ZzliA oto] ZEstE 22Xt MEE XIMsH=Ct.

characters to be selected, within ' ' */
}
1)
26
Options
1 Basic: The letter sets supported by multilingual.js are shown in [6].
2 Custom character set: In addition to the basic character set, it is

possible to select specific characters and designate a class name.
For example, if a user wants to style parentheses separately from
Roman Alphabets, it can be done by specifying the characters and
their className in the initial array as an object:

$(".content").multilingual([
"en", {
className: "ml-parenthesis", /* Z2iA 0|22 O™ Zi0|= 7ps5ict Class
name can be anything */
charset: '()' /* ml-parenthesis ZzliA oto] =&t 2EXt MEE XIMsHi=Ct.
characters to be selected, within ' ' */
}
1)

Usage Examples

multilingual.js recommends to declare the basic attributes of typography
to the basic elements of HTML such as body and selectively declare

the additional attributes to the necessary class names such as ml-en or
ml-num to override.
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Ao ‘en' ml-en
[a-zA-Z]+
sh=2 'ko' ml-ko
[7t-2 1+
U=0f 'jp' ml-jp
[\u3040-\u309F\u30A0-\u30FF]+
=0 ‘cn' ml-cn
[\u4EQO-\u9FBF 1+
XXt ‘num' ml-num
[0-9]1+
=2 85 '‘punct' ml-punct
IN(N) L7 N\-11&amp; |&1t; |&gt; ]
&emdash;|&endash;+
[6]

27
Range of letters Name of letter sets Class name
English 'en’' ml-en
[a-zA-Z]+
Korean 'ko' ml-ko
[7t-2 ]+
Japanese 'jp' ml-jp
[\u3040-\u309F\u30A0-\u30FF]+
Chinese ‘cn' ml-cn
[\u4EQ0-\u9FBF ]+
Numeric 'num’ ml-num
[0-9]+
Punctuations 'punct’ ml-punct
NN L, “7N\-11&amp; |&1t; |&gt;|

&emdash;|&endash;+

[e]
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body {
font-family: NotoSans, Helvetica, Arial, sans-serif;
font-size: 16px;
line-height: 23px;

}

.ml-en, .ml-punct, .ml-parenthesis {
/* shared styles for 'en', 'punct', and parentheses */
font-family: SourceCodePro, Courier, monospace;
font-size: 1.lem;

}

.ml-parenthesis {
/* specific style for parentheses */
/* shifting baseline */
position: relative;
top: -0.05em;
/* adjust spacing before and after character */
letter-spacing: -@.lem;
margin-left: -0.lem;

body {
font-family: NotoSans, Helvetica, Arial, sans-serif;
font-size: 16px;
line-height: 23px;
}
.ml-en, .ml-punct, .ml-parenthesis {
/* shared styles for 'en', 'punct', and parentheses */
font-family: SourceCodePro, Courier, monospace;
font-size: 1.lem;
}
.ml-parenthesis {
/* specific style for parentheses */
/* shifting baseline */
position: relative;
top: -0.05em;
/* adjust spacing before and after character */
letter-spacing: -@.lem;
margin-left: -0.lem;

The Control of Text Size and OtherAttributes
The size of the text is written in a relative value (em or %, etc.) based
on the text size of the default font. font-size: 1.1em; is the same
statement as font-size: 110%; and therefore the text size for the above
example above is 17.6px.

The basic attributes of typography for CSS3—font size, line-
height, letter-spacing, font-weight, etc—are all usable. We
recommend using relative units to override the values inherited, since
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.ml-parenthesis {
/* shifting baseline */
position: relative;
top: -0.05em;

}

N
o)

if the properties are defined in absolute terms such as px or pt, the
character cannot adjust itself to the changing size of the text.

Baseline Shift
Since there is not an easy way for baseline shift in standard CSS3, there is
no other choice but to rely on workarounds.

.ml-parenthesis {
/* shifting baseline */
position: relative;
top: -0.05em;

}

Demo
The complete demonstration of multilingual.js is available at http://
multilingualjs.github.io.

Further improvements

Currently, dynamically adding content will result in content already
wrapped <span> tags being wrapped again with the same tag. The regular
expressions need to be improved in order to solve this problem.
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x O ¢ @ Do  [17820k8 (D372ms & Q- search
E Elements
@ htmi > [E body > [& div.content » [ p > [ span.ml-en O B8 s 0 Node Layers

¥ <div class="content">

v <p>
UREAYO| ofgt xiEQ| WY} J|EHoR KXo HiEX RE H2|
£ gofats|, && Wl oM X" .ml-en, .ml-num— style.css:128
<span class="ml-num">3</span> font-family: SourceCodePro, Courier,
"Xl O|8F S{BsH: MRl WARl wel, monospace;
<span class="ml-en">CCL</span> = $0 font-size: 1.05em;

"2 AXHoR M| Cigt OIBAI0| ARR2 OI88 HHSsiE MK letter-spacing: -0.0lem;

oAt wf2h oy welol MEHE Jtets wAlRlCh, JIEel XaHYAel 2¢ | @ font-weight: 400;

orug
<span class="ml-quote">"</span> 3 html, body, div, span, applet, object,
<span cla ml-en">all</span> iframe, h1, h2, h3, h4, h5, hé, p,

<span class="ml-en">rights</span> blockquote, pre, a, abbr, acronym, address,

> @ Filter Styles

Computed ([ Metrics
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[7] font-sizeS 0] &3}
ExEMEX-]

Adjusting the text size by using
font-size,
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52 Elements
B> @ > @ divcontent) [@p) [@spanmi-parenthesis () B8~ [ Node Layers
v <htmi> .
» <head>..</head> Computed [N Metrics
v <body> Media: all
<div class="nav"> </div>
v <div class="content"> [@ .mi-parenthesis — style.css134
::E:“‘/“’ font-family: SourceCodePro, Courier,

<span class="ml-en">CCL</span>

ug n

font-size: 1.@5em;
e

<span ml-en">FSF</span>

<span l-parenthesis">(</span> = $0

<span ml-en">Free</span>
<span ml-en">Software</span>

i @ Filter Styles
T ——
[8] position: relative; 2t
top: & 0|85 FEY A
Baseline shift using position:
relative; and top:.
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Conclusion
Within the field of traditional printing, typographers have actively
engaged in engineering in order to perfect typography, and printing
technologies have developed accordingly. In the same vein, underlying
technologies are being developed in the pursuit of such perfection within
the digital display: such efforts include type rendering technology on
the level of the operating system and web browser and the standardization
of various typographical devices by web standard organizations such
as W3C. The screen as environment is inherently associated with
software engineering, and there exist apparent limitations to coordinate
all those aspects from the designer’s perspective; however, it is
necessary that typographers understand and sometimes directly engage
in the technologies that are involved. multilingual.js is an attempt to
recognize such limitations within the web browser and pursue perfection
in the field of microtypography. We hope this attempt serves as example
for designers who wish to get on the screen a similar level of achievement
to what has been realized in print media. It is also our hope that such
accomplishments are made public through open activities including
open-source development.
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