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About me

• Product Strategist, Avant, Chicago
• Fin-tech analytics

• Researcher, Script Encoding Initiative, UC-Berkeley
• Develop Unicode standards for writing systems of the world

• Education
• Post-Doctoral Researcher (Linguistics), UC-Berkeley, USA
• PhD (History), University of Michigan, Ann Arbor, USA



About me: Unicode

• Developed encodings for 
• 24 scripts
• 4 number systems
• various individual characters

• Work in progress
• 25 script proposals
• research on 100+ scripts 
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• Developed encodings for 
• 24 scripts
• 4 number systems
• various individual characters
• 2 emoji

• Work in progress
• 25 script proposals
• research on 100+ scripts 

diya lamp

auto rickshaw
(tuk tuk)

nazar amulet



Why?: Enable Digital Humanities Foundations

• Representation of ‘visible language’, eg. script / writing system
• Often ignored in traditional and applied linguistics and language studies
• Key to access and presentation of textual sources in the original

• Display and input of language (keyboard, stylus, etc.)
• Enable users to input, search, and view text uniformly on devices

• Natural language processing (NLP) and machine learning (ML)
• Information extraction and analysis using programmatic methods

• Goal: all languages as digitally native as English



‘Full Stack’ Digital Support for Languages

• Character-encoding standard
• Locale data
• Font / typeface
• Keyboard / input methods
• Text layout and formatting
• Database support
• System and browser support
• NLP tools and algorithms
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Script Encoding in the DH Stack

Script / Character Encoding Standard



Script Encoding Process



Script Encoding Process: Overview

1. Identification: Native users, scholars, others identify a script not yet 
encoded in Unicode

2. Development: Research script and develop script proposal

3. Review: Unicode Technical Committee reviews proposals; may 
request changes; vote to approve or disapprove

4. Publication: Publication of script in Unicode standard

5. Implementation: Create fonts, keyboards, update software (Noto 
project; individuals)

6. Iterative development: Repeat for new character additions



Script Encoding Process: Focus

1. Identification: Identify a script not yet encoded in Unicode

2. Development: Techniques for researching scripts and models



Script Encoding Process

Identification



Script Encoding Process: Identification

• Existing character-encoding standards

• Request from a native user community

• Proposal from scholarly user community

• Submission from writing-systems researchers and enthusiasts

• Fieldwork and archival research



Identifying a script

Planned: Persian Siyaq
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Case Study: Old Sogdian

• Consonantal alphabet

• Used for writing Sogdian
• now-extinct eastern Iranian language

• Derived from Imperial Aramaic
• Variation of Achaemenid administrative script

• In use from 3rd – 7th century CE



Old Sogdian: Identification

• Known to scholars
• 19th century to present
• active scholarship, publication trends

• Digital humanities content
• TITUS project: transliterations
• UW Silk Road Project: translations

• Manuscript digitization
• International Dunhuang Project (IDP)



Situating the Sogdians



Old Sogdian: Identification
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Script Encoding Process: Identification



Old Sogdian: 
Identification



Script Encoding Process: Identification

• Challenges

• Charts or specimens not in published in books on writing systems

• Studies may be outdated or very limited

• Resolution

• Conduct research: primary sources!



Script Encoding Process

Research



Old Sogdian: Research (2015)



Old Sogdian: Mistaken identity



Old Sogdian: Mistaken identity

Sogdian

Old Sogdian



Old Sogdian: 
Unicode Status

Everson, “Roadmapping early Semitic scripts”, 2001.



Sogdian: Unicode Status – Unification?



Script Encoding Process: Research

• Analysis of sources to document repertoire and script grammar

• Compare grammar and orthography of related scripts

• Outreach to user community to understand current usage



Sogdian sources

• Kultobe: the oldest Sogdian records are stone inscriptions found at 
Kultobe in modern Kazakhstan

• ‘Ancient Letters’: the earliest attested Sogdian manuscripts are known 
as the ‘Ancient Letters‘ (c.312 CE). These paper documents were 
found in 1907 by Aurel Stein in Dunhuang, western China

• ‘Upper Indus Graffiti’: appears on more than 600 rock carvings at 
Shatial and other sites in the Gilgit region of Pakistan (4th-7th c. CE)



Old Sogdian: Research
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Script Encoding Process: ‘Script’

Define the ‘script’:

• Identify repertoire of distinctive signs and variants

• Establish representative glyphs

• Generate script grammar

• Develop encoding model
• convert conventions for ‘writing’ into ‘typing’
• translate qualitative data into technical metadata



Script Encoding Process: ‘Script’

A B C D E F G H I J K L M N O P Q R S T U V W X Y Z

Latin script for English: Distinctive signs

Latin script for English: Variant signs
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Script Encoding: Unicode

A
A
A
A
A
A

U+0041 LATIN CAPITAL LETTER A



Script Encoding: Unicode

A
A
A
A
A
A

A
Character-glyph 
model

Plain textNot-plain text



Script Encoding Process: ‘Script’

• Is the ‘script’ a distinctive system or a stylistic variant?

• Character-glyph model:
• encodes a ‘normative’ or representation form for a sign as a ‘character’
• defines other forms as ‘glyphic’ variants
• plain text vs. not-plain text / ‘rich text’ (font selection)

• “Unicode encodes characters, not glyphs”



Script Encoding Process: ‘Script’

• A script may have historical, scribal, and stylistic variants

• Considerable differences may exist between early and late forms
• Old Sogdian and Sogdian

• Script boundaries unclear
• Form of script in early phase may resemble an ancestor
• Late form of script may resemble a descendant

• Graphically similar scripts may have structural differences



Developmental ‘Variant’: Vertical Old Sogdian



Developmental ‘Variant’: Formal Sogdian



Developmental ‘Variant’?: Cursive Sogdian



‘Script’ or ‘Variant’?: Chorasmian



‘Script’ or ‘Variant’?: Old Uyghur



‘Script’ or ‘Variant’: Mongolian



Old Sogdian: How to encode?

• Unification with Aramaic?
• uses characters / code points from Imperial Aramaic block?
• Palaeographically valid, but should Sogdian be considered a ‘style’ of Aramaic?

• Single encoding: 
• same character set for representing different forms of the script
• usage of fonts to display different script styles?
• but, which form is to be representative for plain text?

• Separate encoding:
• two different character sets for historical stages of Sogdian
• enables both scripts to be displayed simultaneously, without font changes



Aramaic & Old Sogdian



Imperial Aramaic



Sogdian Scripts: Repertoire



Encoding: Sogdian and Aramaic

• Differences in repertoire: Sogdian
• Heth, teth, qoph dropped
• Daleth, ayin, resh merged
• Special ayin used for saluations, eg. `D ‘to’
• Scribal innovations, eg. tail extensions for final characters
• Special numerical sign for 100

• Cultural and scribal divergences



Old Sogdian: final letters: aleph



Old Sogdian: ayin



Conclusions

• Script encoding process
• not art, not science, but a bit of both

• Skills to encode scripts:
• interest in writing systems and willingness to learn

• don’t need to be a linguist, typographer, or computer scientist
• research and analytical skills

• search, search, and search more, then dig deeper, and follow leads
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