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Goal: A complete matrix of human expression across time and space

* Asaknowledge resource
* Asadataresource
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In service since 1994 (originally at Yale Council on African Studies)

International NGO since 2009
* Registered non-profit in USA and Switzerland

Academic Home since 2013:
EPFL - Swiss Federal Institute of Technology in Lausanne
LSIR - Distributed Systems Information Laboratory
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What is the overlap between / and @ ?
ko\musiorg NS

* Big goals, small particles

* Big collaboration
e 7000 languages
* “Human Languages Project”

* Pure science — data for knowledge
* Practical science — data for use
* High energy particle detectors



Problems for Lexicography

What are Concepts? What are Words?
* How to explain an idea in * A set of letters?
its own language e A set of sounds?

* How to express an idea
across languages

I”

e A “canonical” form?

* A single entity?
e How to account for

variation
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Problems for Lexicography

What are Concepts? What are Words?

* How to explain an idea in * A set of letters?

its own language e A set of sounds?

* How to express an idea
across languages

e A “canonical” form?

e A single entity?
 How to account for _ 5 Y
variation whined

wined
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Problems for Lexicography

What are Concepts?
* How to explain anideain
its own language

* How to express an idea
across languages

e How to account for
variation

SEE What are Words?

. ?
sees A set of letters:
saw e A set of sounds?
seen * A “canonical” form?
seeing * A single entity?

Kinyarwanda
900 million forms for every verb
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Problems for Lexicography

What are Concepts? What are Words?

* How to explain an idea in * A set of letters?

its own language * A set of sounds?

* How to express an idea
across languages

I”

e A “canonical” form?

* A single entity?
e How to account for

variation

African fish eagle drive up the wall
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J'j_-ji ‘ light

why multilingual dictionaries were impossible
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O lumineux

light

léger (} ‘

why multilingual dictionaries were impossible
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PWN (English Wordnet):

light x 47
WOLF 00269989-a:
WOLF (French Wordnet): lumiere
light = lumiere x 44 lumineux
light = Iéger x 37 clair

() lumineux

i" léger @ lght C ) léger |,m,|

WOLF 01186408-a:
leger

WOLF 00993117-a:
leger

allege

lumiere

light

why multilingual dictionaries were impossible

WOLF 02121424-a:

leger
lumiere
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¥

)

Lightn Apoy; ilaw:

lumineux

liwanag; araw.

Light-a-Magaan. maliwanag; maliksi;

mabilis.

Light-z Sindihan | magsindi.

light

léger [ — ’

<:>Iéger

why multilingual dictionaries were impossible
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i) -siokoza, -sioiva
awia isioiva, hafifu. 2
ga~ coloured adj -
1 nuru, mwanga the ~

light' adj 1 (0
angazi, -a ~ brown }-%
(of a place) -enye
enye rangi isiyoiva.

washa mot{:- wa
(usoni mwa miu). ~ of somebody's

kupendezwa kwake. 5

why multilingual dictionaries were impossible
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2z 055 na”" 3 n.c >

Gujaratilexicon » Dictionary » English To Gujarati Dictionary | Opposites | Thesaurus | Idioms | Proverbs | Phrases

Dictionary

Gujarat! to Gujarat!

light
A l:;lg o e |

R 1 Alo iz #
Word List el Al datedl3 st e neid énd

4, S, 515 ot

b 3 A
e ., 2113 Allg, (30205 Q5 iy, % ) quag, wnadg,
R - ‘ o

Light 2)

why multilingual dictionaries were impossible



fr: léger ‘

SW: -epesi sw: -a kuchekesha
fi: kevyt ‘ ‘ fi: tyhjanpaivainen
th: wn th: dqlanas

SwW: -enye mwanga fi: valoisa

fr: lumineux . . ‘ th: adng

() froléger

o ‘ th: Munagsan
fr: allégé

fi: kaloriton

sw: pungufu

why multilingual dictionaries were impossible
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SwW: -enye mwanga fi: valoisa

fr: lumineux th: adng
en: light
fr: léger fr: léger
SW: -epesi sw: -a kuchekesha
en: light en: light S
fi: kevyt fi: tyhjanpaivainen
th: wn th: Gslanss
en: light

o s—— th: fuaasimn

fr: allégé

sw: pungufu fi: kaloriton

why multilingual dictionaries were impossible



sw: -enye mwanga

fr: lumineux

fr: léger

sw: -epesi

fi: valoisa

fi: kevyt

th: wn

fr: allégé

sw: pungufu

th: a919
fr:léger
sw: -a kuchekesha
light
— fi: tyhjanpaivdinen
th: 3%anss
% th: fuaaeIn
& fi: kaloriton

why multilingual dictionaries were impossible

23



why multilingual dictionaries were impossible
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light

how Kamusi makes a multilingual dictionary possible
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light (not dark)

light (not heavy)

light (not serious)

light (not fattening)

how Kamusi makes a multilingual dictionary possible
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light (not dark) fr: lumineux
Ve

l : light (not heavy)  fr: léger

(s4)

light (not serious) fr: léger
O

o
-/

*

light (not fattening) fr: allégé

how Kamusi makes a multilingual dictionary possible
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' r- lumineux SW:-enye mwanga fi: valoisa
light (not dark)ﬁf L

th: adn9

O O- O

light (not heavy)

light (not serious)

light (not fattening)

o O

how Kamusi makes a multilingual dictionary possible
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light (not dark)

light (not heavy)  fr:léger sw: -epesi /\ﬁ: kevyt

o O @ @

light (not serious)

light (not fattening)

2 ©

how Kamusi makes a multilingual dictionary possible

th: wn
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light (not dark)

light (not heavy)

O —O

light (not serious) fr: léger sw: -a kuchekesha fi:t)@énpéivéinen th: 3el5ans
@

® @

light (not fattening)

2 ©

how Kamusi makes a multilingual dictionary possible

30



light (not dark)

light (not heavy)

light (not serious)

light (not fattening) fr: allégé  sw: pungufu

fi: kaloriton

o o—e N

how Kamusi makes a multilingual dictionary possible

th: fuaasien
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ght (not dark) fr: lumineux Sw:-enye mwanga fi: valoisa

i
O O

light (not heavy)  fr:léger sw: -epesi /\ﬁ: kevyt

th: adn9

th: wn

&

° @

light (not serious) fr:léger sw: -a kuchekesha fi:

M}jénpéivéinen th: dslanss
@

@ a

light (not fattening) fr: allégé

sw: pungufu fi: kaloriton
M

th: fuaasien

o O O

how Kamusi makes a multilingual dictionary possible
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g2

fr: 1éger (without much luggage)

O

fr:léger SW: -epesi i: kevyt
. P _Jizkevy

N &

fr: 1éger (low alcohol)

6r: |éger (sandy)

how Kamusi makes a multilingual dictionary possible

th: wn
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light (not dark)

o0 0O 0000

light (not heavy)

light (not serious)

light (not fattening)

how Kamusi makes a multilingual dictionary possible
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light (not dark)

light (not heavy)

| 00000000

light (not serious)

light (not fattening)

how Kamusi makes a multilingual dictionary possible
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light (not dark)

light (not heavy)

light (not serious)

o -0 0 0 00000

light (not fattening)

how Kamusi makes a multilingual dictionary possible
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light (not dark)

light (not heavy)

light (not serious)

light (not fattening)

') T e o e eee0e

how Kamusi makes a multilingual dictionary possible
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light (not dark)

-0—@

e 0 00 00

O

light (not heavy)

T e 0000 0 00 00
ER

light (not serious)

DN T e 0 e 0 e eee

light (not fattening)

@ @00 00000

38
how Kamusi makes a multilingual dictionary possible



light (not heavy)

) @ TANRRRIGNIURABAT8 )\
e

light (not serious)

light (not fattening)

39
how Kamusi makes a multilingual dictionary possible



Catalan'brillant illuminds

//)\
Croat 7
light (nWM/ )R / Spanish:

claro

svjetleci

luminoso

Japanese:

BH S LY

how Kamusi makes a multilingual dictionary possible
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how Kamusi makes a multilingual dictionary possible



L

Urdu noun (Urdu) s

Definition: - — Uaic use K& S [y hd G e gl = B8 e 0ol e el 32 (Sliay

plural (Urdu) g

»

e

Translations
1° (verified)

rain (English)

2° (predicted: high)
imvura (Kirundi)
invura (Yeyi)
embura (Gusii)
ploaie (Romanian)
H (Japanese H&

32
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2]

e View in context °Add an example o Add a translation

Mandarin (Chinese) 3 adjective (Chinese) %17

Definition: m LR ARILM 5@, 5 A 8%

Examples: £t As

€D right (English)

iburyo (Kirundi)

~tunganya (Kirundi)

kulila (Hehe)

dekstra (Esperanto)

derecho (Spanish)

droit (French)

gumo (Songhay)

kulia (Swahili)

~ fiaamo (Pulaar)

prawy (Polish)

~ddyo (Luganda)

-ink'amu (Yeyi)

#E (Japanese HZiH)

G dreapta (Romanian)
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light
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light
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light

shape

sound

meaning

relationships

place

time

a7



light

shape

sound

meaning

relationships

place

time
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light
lights

ighted

[1

lighting

shape

sound

meaning

relationships

place

time

light
lighter

lightest
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robot

meaning

shape place

sound time

relationships
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light

shape

sound

meaning

relationships

place

time
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light

meaning

shape

sound time

relationships

linhtaz
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light

lighthouse lamp

(Spawn) meaning (Synonym)
shape place

sound time torch

relationships (hyponym)

dark car

(antonym) (holonym)



(difference) I lamp
; (synonym)

shape place

sound time

relationships
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light

meaning

relationships

lace

time
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light

shape O
sound 3

meaning

+

relationships

<> place
c time
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light Q

definition

meaning

translations

examples
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light Q

meaning

90000000

translations



light Q

meaning

S SR S B e

translations
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equivalence -

Parallel
Similar
Explanatory

00000 e

translations
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* Parallel

equivalence - simier

* Explanatory

® 000 0eese

hand (English) = main (French)

V': transitive across languages

translations
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equivalence -

Parallel
Similar + difference + difference translation
Explanatory

9000

~<.
~<.
~o

mkono (Swahili) = hand + arm (English)

M : might be transitive across languages

0 e-e

translations
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 Parallel

equivalence - rariia

 Similar

,,,,,,
______

S
TS
SO

hand (English) = 10.2 cm (most languages)

X: not transitive across languages

translations
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light Q

meaning
definition examples
e 0 000000 o 00 000 ee
definition example

translations translations translations
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light Q

definition

easy + hard

meaning

notes

examples

time + place
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light Q

inflections

shape

alternates

multiple words
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light e Simple
Q Configurable form

e.g., English verbs

shape
sound
. translation
lighter %>> shape * Complex
separability (MWEs) Fixed table
e.g., French verbs
alternate spellings
lightest + place e Agglutinative
Rule-based coding
spelling sets: e.g., Swahili verbs

polysemous terms
often have the same
inflections.

inflections

67



light

lite

Kanji

T8

Hiragana

I I-PS

shape

Katakana
I ¥3
alternates

kingyo

Romaji English
goldfish

https://en.wikipedia.org/wiki/Japanese_writing_system
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separability

drive || up the wall

inflections
(+separability)

drives | | up the wall
drove || up the wall
driven || up the wall
driving | | up the wall

Research question:
Can we determine
Separability Sets?

shape

multiple words




sign languages ideograms

e.g. Uganda Sign Language s Q

Solomon Islander Sign Language

shape * no relation
e no sound
: between shape
* no spelling
and sound

* NnoO seguencing
* ontological
relationships

* need for gesture
recognition
(future research)

70




light

place

dialeet word sightings
3 of

sound
sightings




light Q

audio

place

sound

IPA (phonetics)

tone

72



light Q

ancestors
(other languages)

time

datings (examples)

ancestors
(own language)
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light Q

synonyms

+

transitivity
with
translations

relationships

terminologies

ontologies

+

hierarchies
or
reciprocity

74



Lexicography
VS.
Terminology

Lexicography:

e General terms

* Variability of concepts among Iangﬁages

* Describes indigenous words
Terminology

* Domain-specific terms

* Fixed meaning within context

*  Prescribes words

sabilli

75



Collecting Data

* Gathering new data
* For languages with zero digitized data (most world languages)
* For languages with incomplete data (all languages)

* Aligning existing data
* To separate terms at concept level
* To match concepts across languages



Collecting Data
Existing Data

* Copyright restrictions
* Data structure
e Data alighment

.Iight1 adj 1 (of colour) -siokoza, -sioiva
angazi, -a ~ brown kahawia isioiva, hafifu. 2
(of a place) -enye mwanga.~ coloured adj -
enye rangi isiyoiva. n 1 nuru, mwanga the ~
begins to fail mwanga unaanza kufifia day ~
mchana. in a good/bad ~ (of picture etc) -a
kuonekana vizurifvibaya; (fig) eleweka
vizuri/vibaya. see the ~ (liter or rhet) zaliwa;
baini; tangazwa; tambua; -okoka. be/stand in
one's ~ Kkinga nuru; (fig) zuia mtu
mafanikio/maendeleo yake. stand in one's
own ~ zuia kazi yako isionekane; fanya
kinyume na matakwa yako. ~ year n (astron)
kipimo cha umbali kati yva nyota. 2 taa. ~s out
muda wa kuzima taa. the northern/southern
~5 n miali ya mwanga katika ncha za kaskazini
na kusini. 3 mwako wa moto; kiberiti strike a ~
washa moto; washa kiberiti. 4 uchangamifu
(usoni mwa mtu). the ~ of somebody's
countenance (biblical) kupendezwa kwake. 5

77



Collecting Data
Expert Interface: Edit Engine

Key Information * Word Forms and Origins Translations and Concepts Related terms within the same language
Concept
Term (lemma) * Term Language * Headword *
drone English T (?) drone
Part of Speech * Part Attribute
noun v - None - —

Morpheme Information

Collected Morphemes

Plural
+ drones [nid:262211])
Definition
Definition of the term in the language to which it belongs Definition Source URL
(?) http://en.wikipedia.org/wiki/Drone

An unmanned aerial vehicle (UAV) that is flown for

Examples *

78



Crowdsourcing Lexicography

* Gathering new data

* For languages with zero digitized data (most world
languages)

* For languages with incomplete data (all languages)

* Aligning existing data
* To separate terms at concept level
* To match concepts across languages

»People are very good at these tasks
» Machines are very bad
»Scholars are very busy



Crowdsourcing with Games

* Engage the public in producing raw data
e Data can be built upon and refined over time

* Collecting “facts” that
* can best come from native informants
 can be verified by consensus as fulfilling a communicative role

* Wrong data and bad actors can be removed



Game Architecture

e Simple tasks the public can understand

* “Word” questions to stimulate the mind

 Competition elements to stimulate the heart

* Answers validated by consensus

e Starts with English concept set to have a shared realm of ideas

* Grows progressively —winning answers in one mode generate more
advanced questions in the next



ﬁ Games

Find Games Your Games

£

ABOUT KAMUSI GAME

Activity

kﬂ\Musl
Global Online Living Dictionary

Kamusi GAME
kamusi ovg Fokokokok

Trivia & Word Game - 24 players

¥® Martin Home FBP

Search for games

Play Now

Send to Mobile

Share

App Website
Remove

Block

Report a Problem

Available on Mobile Web, Facebook.com

% 62%

T| Nina Kaplan #Hillary,
#Gaga & #TBennett at
fundraising event with

#johnbarrettny

,{'}y Rebecca Goff likes Emily
B®4 Morningstar's photo.

Patrick Hall likes Bob
Kennedy's link on his own
Timeline.

% Jennifer Bower Knowles
. likes Episcopal Diocese of
Vermont's video.

Anders Halverson likes
Taylor Keen's photo.

Sandra Foyt likes Carol
Cain's photo.

Funnya Gleason shared a
¥ link.

#  Prisca M Kikwabha likes
§ TIME'slink.

2 Anna Sawyer commented
Sl on her own post.

Mary Doyle Collins
Habich likes Dream Design
Flooring.

Arky Arky Arky likes Chia-
liang Kao's photo.

E Caroline Old Co... Mobie @

Truong Anh Tuan  Mobie @

GROUP CONVERSATIONS
MORE FRIENDS (8)

Anders Halvarson ~ woh &
Search
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0 N O Uk Wwbh =

Game Modes

Translation
Synonyms
Word Forms
Definitions
Examples
Alignment
Equivalence
Difference



Translation Game

Wrpa B nepesogukn ©

Translate the following word to : Russian

out npunararesbHoe

? | can't say - skip this one...

84



Translation Game

Wrpa B nepesoguku ©

Translate the following word to : Russian

out npwunararesbHoe

? | can't say - skip this one...
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Definition Game

Definition Game ©

Write or vote for a definition in English

go noun

% | can write the winning definition for this idea!

? | can't say - skip this one...

P Keep the working definition. It's spectacular as it is!

Wiktionary ¢ Dictionary.com » Wordnik

GAME

In Play: 90
Banked: 11

86



Definition Game

Definition Game ©

Write or vote for a definition in English

go noun

GAME

In Play: 90
Banked: 11

? | can't say - skip this one...

» Keep the working definition. It's spectacular as it is!

Wiktionary ¢ Dictionary.com » Wordnik




Definition Game

GAME
s In Play: 90
Definition Game © Banked: 11
Write or vote for a definition in English
go noun

An attempt to achieve something with a recognized pos @

? | can't say - skip this one...

» Keep the working definition. It's spectacular as it is!

Wiktionary ¢ Dictionary.com » Wordnik




Example Game

GAME
Tweet Game © In Play: 189

Check ONLY the tweets that are excellent examples of THIS meaning: Banked: 71

every adjective_satellite

tried to get tickets to meet Jonah on tour with Grant but every place is to far from Florida :(
#HelpCaseyMeetJonah @JonahMarais #%¥

@Kade0416 lol..you should have seen ghost where you could shoot through about every wall with an
Img

That being said, some lives aren't as long as others. Agreed, but every life is short compared to what
comes after death

Get Free Bitcoin Automatically Every hour. No Need To Do Anything - B http://t.co/fBITTgsdIn B EARN
#Bitcoin HERE

Lmao | didn't even know this picture existed until a few days ago and | die every time | look at my face
= http://t.co/J4IK350Lf0
@l'm fine w/ the fact my team (76ers) are horrendously rebuilding cause honestly watching them be a 8 or
9 seed every year was worse.

There is a shooting in Chicago every 3 hours. Let that sink in.

Some "investigation" found that @WholeFoods was overcharging customers although they every store
has certain things priced lower or higher.
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