The PanLex Project

International Computer Science Institute, Berkeley, California, 27 January 02015

The goal of open-domain automatic translation of text among all human languages is ambitious, but what about the more limited goal
of translating any lexeme into any language? Even this involves trillions of mappings, with quality loss when performed inferentially
through intermediate languages. From 2006 to 2010, researchers at the University of Washington’s Turing Center headed by Oren
Etzioni combined digital dictionaries into a “translation graph” and achieved more efficient automatic inference of translations than
with existing methods. Their graph, built mainly from Wiktionaries and Freelang and Freedict dictionaries, contained about 3 million
lexemes. They discovered computationally practical sampling algorithms for inferring new translations without loss of precision.

Now sponsored by The Long Now Foundation in San Francisco and partnering with The Rosetta Project and the Internet Archive, the
PanLex project is building and deploying this resource for research and development communities via an AP, monthly database
snapshots, and online applications. PanLex’s database has now grown to contain 21 million lexemes, in about 10,000 languages and
dialects, written in 60 scripts, with 1.2 billion attested pairwise translations. No longer a proof-of-concept project, it aspires to
integrate all known lexical translations into a consistent data structure, supporting theoretical and applied research in language
typology, semantic universals, machine translation, web search, text summarization, human-computer interaction, controlled
languages, endangered-language revitalization, biolinguistic diversty, and other fields.

PanLex is open-source and employs Unicode, PostgreSQL, GNU/Linux, and other open-source standards and software. Its content
curation is currently a small-team effort, but crowdsourced contributions are planned.

People

David Kamholz, lexical data specialist, received his linguistics Ph.D. from UC Berkeley in 2014. He has worked on computational lexicography and the
historical linguistics of Austronesian languages. Jonathan Pool, project director, has a Ph.D. in political science from The University of Chicago. His research
and teaching have focused on language politics and policy, and on language choice as a decision-theoretic problem. The PanLex team also includes research
associate Susan Colowick, Rosetta Project director Laura Welcher, local volunteers, and occasional interns. The project’s steering committee includes Emily
Bender at the University of Washington and Steven Bird at the University of Melbourne. The project has a 19-member advisory committee.
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The PanLex Project: Outline

* Problem

* Solution concept

* Concept evaluation (2006-2010)

* Open resource development (2010-)

* People, partners, publications
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Problem

» Enable panlingual open-domain automatic translation

 Prioritize panlinguality

ICSI, 27 January 02015



Solution concept

Reiter/Etziom “Lexical Hypothesis™:
* Lexicons vs. grammars:
» Lexeme data more:
» Panlingually abundant
» Tractable
» Lexemic-only communication more useful

* Therefore, begin with a lexemic solution
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Solution concept

-~
Reiter/Etzioni lexemic solution: e
 Acquire lexeme translations
from multiple sources gl
- _/

e Combine them into a translation
graph

 Infer missing translations
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Solution concept

Lao: ngegtade

mul: FAOUNAD

meaning

5967136 Spanish: electricidad sk Sldidhonys

meaning
127584

npi-epo:Mandahar /
— Esperanto: elektro

\ Nepali: Ta=[q

meaning
4522162
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Concept evaluation

Prototype translation graph (University of Washington Turing
Center):

* 300-600 sources from Wiktionary, Freelang, Freedict, ...

* 1-10 million lexemes (vertices)

» 2—60 million undirected pairwise translations (edges)
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Concept evaluation

ICSI, 27 January 02015

Pseudo Sentence
The crocodie Encoding aligator, accept
ccopts "
Criginal Sentence Sender
Transiation

. cocodrio, aceptar
dijo que si ; Q Decoding
Transisted

Pseudo Sentence

Lexeme-only communication



Concept evaluation

Demonstration applications
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Cross-Lingual Image Search
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T Usage Instructions and Tips
Advanced Interface

_Translate / | Show Images

.-

(Delete) (Mark Unread \,

Panlingual Mail is provided by the Turing Center
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Concept evaluation

Marcus Sammer, Kobi Reiter, Stephen Soderland, Katrin Kirchhoff, Oren Etzioni, “Ambiguity Reduction for
Machine Translation: Human-Computer Collaboration”, AMTA 2006.

Marcus Sammer, Stephen Soderland, “Building a Sense-Distinguished Multilingual Lexicon from
Monolingual Corpora and Bilingual Lexicons”, MT Summit 2007.

Oren Etzioni, Kobi Reiter, Stephen Soderland, Marcus Sammer, “Lexical Translation with Application to
Image Search on the Web”, MT Summit 2007.

Susan Colowick, “Multilingual Search with Panlmages”, Multilingual 2008.

Stephen Soderland, Christopher Lim, Mausam, Bo Qin, Oren Etzioni, Jonathan Pool, “Lemmatic Machine
Translation”, MT Summit 2009.

Mausam, Stephen Soderland, Oren Etzioni, Daniel S. Weld, Michael Skinner, Jeff Bilmes, “Compiling a
Massive, Multilingual Dictionary via Probabilistic Inference”, ACL-IJCNLP 2009.

Janara Christensen, Mausam, Oren Etzioni, “A Rose 1s a Roos is a Ruusu: Querying Translations for Web
Image Search”, ACL-IJCNLP 2009.

Katherine Everitt, Christopher Lim, Oren Etzioni, Jonathan Pool, Susan Colowick, Stephen Soderland,
“Evaluating Lemmatic Communication”, trans-kom 2010.

Mausam, Stephen Soderland, Oren Etzioni, Daniel S. Weld, Kobi Reiter, Michael Skinner, Jeff Bilmes,
“Panlingual Lexical Translation via Probabilistic Inference”, Artificial Intelligence 2010.
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http://turing.cs.washington.edu/papers/CLMT-AMTA-2006.pdf
http://turing.cs.washington.edu/papers/SammerMTSummit07.pdf
http://turing.cs.washington.edu/papers/EtzioniMTSummit07.pdf
http://turing.cs.washington.edu/PanImMultilingual.pdf
http://turing.cs.washington.edu/papers/SoderlandMTSummit09.pdf
http://turing.cs.washington.edu/papers/mausam-acl-ijcnlp-09.pdf
http://turing.cs.washington.edu/papers/christensen-acl-ijcnlp-09.pdf
http://www.trans-kom.eu/bd03nr01/trans-kom_03_01_03_Everitt_et_al_Lemmatic_Communication.20100531.pdf
http://turing.cs.washington.edu/papers/aij-2010-panlingual.pdf

Open resource development

» Refined database schema (language varieties, domains, ...)

* Open-source DB (PostgreSQL) and OS (GNU/Linux)

metadatum word class

L

expression H———O<] denotaton |H—O<] word classification
domain spec. >Ol

language variety H meaning —H—O+— meaning identifier
-O< 0ormore
—H— 1 andonly 1
definition =0 source -O+— Oort
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Open resource development

_ajg-00) (Aja

Language varieties: “ajg-001) || Hwe

_a19=022-+| Dogbo

» Literary standards I Dot

~ajg-003 ) | Sikpi

* Dialects ..;qj_g:QQ_{, Tohoun
» Script-specific varieties \419-903 )] Tado
.a3g-006 ) {Tala

* Orthographic standards aji-000) | Ajic
* Controlled languages ajp 900 ) | A siall dagll
e Standard codes for | -

countries, chemical _uzn-000 ) ;'0‘zbek

elements, etc. _uzn-001 )| [ V36ekua

’ [SO 639-2, 3,5

uzn-002) Yt <l
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Open resource development

Language-variety codes: example of Western Armenian

* Panlex: hye-001

« BCP 47: hy-arevinda

* Glottolog glottocodes: west2348
 MultiTree: hye-war

« WALS Codes: arw

* Linguasphere: 57-AAA-ac

* Lexvo: http://lexvo.org/1d/1s0639-3/hye

« Wikidata: Q180945

* Freebase:http://www.freebase.com/m/01tzg9
e ISO 639-1: hy

* ISO 639-2 (B): arm
* ISO 639-2 (T): hye
* ISO 639-3: hye

Armenian generally

ICSI, 27 January 02015

13


http://panlex.org
http://www.w3.org/International/articles/language-tags/
http://glottolog.org/
http://multitree.org/
http://wals.info/
http://www.linguasphere.info/lcontao/bienvenue-welcome.html
http://www.lexvo.org/linkeddata/resources.html
https://www.wikidata.org/wiki/Wikidata:Main_Page
http://www.freebase.com/
http://www.loc.gov/standards/iso639-2/php/code_list.php
http://www.loc.gov/standards/iso639-2/php/code_list.php
http://www.loc.gov/standards/iso639-2/php/code_list.php
http://www-01.sil.org/iso639-3/codes.asp?order=639_3&letter=h

Open resource development

More sources, digital and printed

Arrest: NJYP>oS°: Tigujauniq: Arrestation

5500 acquired, 1700 consulted It ey = persn n custody accorang

neace officers t

arrest a person are set out in
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otorite, gii¢, kuvvet

e Monolingual dictionaries
« Bilingual dictionaries

* Multilingual dictionaries Giig, kuvvet, otorite, b  Ollal
« Wiktionaries —yonetim, idare, —manevi etki, tesir, -
e (lossaries delil, —sultan, hiikiimdar v
* Vocabularies D YAMDOGO YL £191%01S o%oMOUS
e Wordlists Sl A
: fagsprog

o Terminologies De: Fachsprache

En: language for special purposes
 Wordnets Es: lenguaje especializado

. Fi: kieli tiettyihin tarkoituksiin

* Thesaurl Fr: langage spécialisé
e Standards He: M7 MIvnd naw

Hu: szaknyelv
e Vocabulary databases It: lingua speciale
« Locale databases S yalaal

v: facksprék

BT yhoooeg

e, 1996, Part XVI.

-sb: Ikitittiniq: Crime

berately setting fire to property.
996, sections 433-436.

SE (English: Sweden)
An tSualainn  -ga-
isveg -az:
Isvec ‘tre
Iswidhan 'SO"
Rootsi et
Ruotsi iz
Ruotta ‘se-
Schweden -de-
Schweede "gSW*
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http://panlex.org/tech/plrefs.shtml

Open resource development

More data. Currently:
e 21 million expressions (= lemmas of lexemes)

o Expressions written in 60 scripts (Latin, $+=, 2w nyg gphp,
SIp Siflgseulg, ...)

* 10,000 language varieties

o 1.2 billion undirected pairwise translations

ICSI, 27 January 02015
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Open resource development

Access to raw data via:

 Internet Archive Open Library (printed originals)

» Links to original sources

ICSI, 27 January 02015
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https://archive.org/search.php?query=collection%3Apanlex
http://panlex.org/tech/plrefs.shtml

Open resource development

XN s > y;Nova praktika vortaro he/1b190K™12y *wyn non RO »

| < > | |2 | &) | + @ refs @ archive.org ¢ || O]

RA

= 38 nologue Nova.../12120Nay *wyn o0 + | .

m uz:f::;lw en n2n/Nova praktika vortaro hebrea-Esperanto [ B ’ i ‘)))

' abilo" (2) MWK incidento
konfirmo, aprobo MWK malbenita K
fago (2) MK paki TIX
fundamento MWK cedro TIK
testiko (%) VWK rizo (2) ™K
grapolo; traiibo DDWK gastigi MK X
grapfrukto M7WK  leono (r) ™K, MK
kalio (K) (2) 32WK pak/ado, ~umo nigh’;
iluzio MWK kahelo K
kulpa DWX longeco RRL
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diablo; satano TIMWK  vivlong(ec)o oty QIR
diurno-parto ny»wx, MWK longa 7K
giceto; embrazuro WK prolongigo 137K
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Open resource development

Access to processed data via:
* Monthly CSV, JSON, and XML dumps
* API (read-only)

» API apps for humans and search engines

« RDF interface linking (earlier) PanLex to DBpedia
» Expert web UI (“PanLem”)

* Team only: CLI (psql)

ICSI, 27 January 02015

18


http://dev.panlex.org/db/
http://dev.panlex.org/api/
http://ld.panlex.org/rdf.html
http://panlex.org/u

Open resource development

Applications

Snorql: Exploring http:/id.panlex.org/sparql

PanlLex Tattoos

SPARQL: Browse:
PRRPIX rats Sutips w3 ore/ Choose a word:
QL-.;I??:;?;.T':: bliss
e pemants bond
..'.';-u‘..e:-)"on'.o pyccm ma-ooo b{ave(y
L/ e b org/2 Buddha
) WHERE [ ; llll)pldral'nd,I Buddhism
O Gaeilge butterfly
il £r-000 T calligraphy
Af - S mmg camouflage
Focal Cuardach » uyall arb-000 (piuw carp
Genapyckas bel-000 jphLIraubis g:‘mw
(o} [ ha - Hasais 3] Gol # pen-000 & challenge
chance
eo laf brezhoneg bre-000 dourafi change
Obarapcky bul-000 Hanosisane chaos
— ry h
Go [ az - Asarbalseainis v ] OBJrapcK bul-000 HanogBaHe Ehiircn;
catala cat-000 reg Christmas Eve
o ca catala cat-000 g;gm E:Zirllitzyauon
TiumSoz catala cat-000 regatge
Celtina ces-000 jrigace Or type one:
. .. . .. - . .y R Mdna ces-000 Hmmmm
Burada Tiirkce sozleri yiizlerce dile cevirebilirsiniz! .
Celtina ces-000 vyplach
. . Celtina ces-000 zavlaZovédni
So6z veya deylm: Cedtina ces-000 zdvlaha | Continue |
S cmn-000 ZKFH]
RS cmn-000 ZKF{L;
| Gevirelim! W emn-000 FifE
RS- cmn-000 HHE
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Open resource development

API

 Provides live access to the database

* Public and free (within rate limits)

» Takes JSON queries and returns JSON responses for a variety of database
objects

« Example query requesting translations of the English (eng-000)
expression “church” into Western Armenian (hye-001), sorted by quality:

/ex { "uid": ["hye-001"], "trtt":
[ "church"], "truid": ["eng-000"],
"include": "trqg", "sort": "trg desc" }

ICSI, 27 January 02015 20



Open resource development

Source acquisition

* Prioritization of sources that are tractable (amenable to
analysis) and which cover poorly documented languages

* Already ingested sources are mostly in born-digital formats
(text, HTML, PDF, etc.)

 Increasing acquisition of print sources, purchased and
scanned 1n partnership with the Internet Archive

ICSI, 27 January 02015 21



Open resource development

Source workflow
e [dentification: choice of a source from the source archive

* Consultation: determination of the logical structure of the
source and what language varieties 1t contains

* Analysis: semi-automated computational extraction of usable
data

* Submission: ingestion of the final source file into the PanLex
database

ICSI, 27 January 02015 22



Open resource development

Source consultation

Some of the Cebuano Words Recorded by Pigafetta in 1521
by Jessic Grace U. Rubrico
OLD |MODERN OLD
IENGLISH [CeBuAND “CEBUANOJlENGLISH [CeBuAND _IMODERN CEBUANO |
|man |[lac |lalaki |balances |[tigban |timbangan |
lwoman  ||paranpaon |lbabaye (weight [tahil [timbang l
mgn beni beni dalaga pearl mutiara mutya
married babayeng " :
s ‘|babay minyo mother of pearl ‘|tnpay tipay
pipe (musical -

buttocks | samput balat-ang instrument) | subing | plawta
thigh Ipaha paa ga:r. ?:: of alupalan hubag

: palatin -
knee ‘tuhud tuhod bring me lcomorica 'ambt
shin m:zg bitiis certain rice cakes |tinapai g?t:i:gka
|ankle |[bolbol |buulbuul ||good [[main |maayo |
Ineel [tiochid ||kiting Ino ftifale [dili ]
|sole (foot) |lapalapa  |/lapalapa ||knife |capol/sundan |[kutsilyo |
gold |[balacan  |lbulawan ||scissors [catle lgunting |
silver  ||pilla ||plata/pilak ||to shave |[chunthinch |mamalbas \
brass concach Lumbaga/ well adomed man pixao pustorawo

ronse

ICSI, 27 January 02015
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Open resource development

Source analysis

 Tabularization: transformation of source data into well-
defined tables with one entry per row

e Serialization: normalization of tabularized data and
conversion 1nto a format that can be validated and ingested
into the Panlex database

* Suite of tools written in Perl developed to streamline the
process (http://github.com/longnow/panlex-tools)

ICSI, 27 January 02015
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http://github.com/longnow/panlex-tools

Open resource development

Tabularization: methods

* Custom scripts (usually Perl) using regular expressions,
HTML/XML parsers, etc.

* PDF-to-text conversion (with or without layout analysis)
* PDF-to-XML dump (preserves style information)

* Manual transcription (for scanned print sources)

ICSI, 27 January 02015
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Open resource development

Tabularization: HTML example

<tr>
<td>man</td>

<td>lac</td>
<td>lalaki</td>
<td>balances</td>
<td>tigban</td>

<td>timbangan</td>
</tr>

<tr>
<td>woman</td>

<td>paranpaon</td>
<td>babaye</td>
<td>weight</td>
<td>tahil</td>

<td>timbang</td>
</tr>

ICSI, 27 January 02015

manAlacAlalaki-
balancesA  tigbanA timbangan-

womanA paranpaonA babaye-

weightA tahila timbang-

young womanibenl benlA dalaga-

pearlA mutiaralimutya-

married womanA babayA babayeng minyo-
mother of pearlAtipayA tipay-
buttocksA samputA balat-ang-

pipe (musical instrument)A subingA plawta-
thighA pahas paa-

disease of St. JobAalupalanA  hubag-
KneeA tuhuds tuhod-

bring meA palatin comoricalA ambi-
shinA  bassag- bassagA bitiis-

certain rice cakesA tinapaiAputo/ bibingka-
ankleA bolbolA buulbuul-

goodA  mainA  maayo-

heelAr  tiochidAkiting-

noA tifaleA dili-

sole (foot)Alapa lapasr lapalapa-
knifeA capol/sundanA  kutsilyo-

golda  balaoanAbulawan-

scissorsA catleA gunting-

silverA pillaa plata/pilak-

to shaveh chunthinchA mamalbas-
brassA concachAtumbaga/ bronse-
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Open resource development

Tabularization: PDF example with text styles coding important
information

revivir vi chedlane', chela' S1'1
revocar vt checa'a
revolcar 1. vt chchix chtole

2. v prnl chas chata', chbix chtole
revolver vt 1. chchixe, chyitje

2. chta (liquido)
rey m rey
rezar vi chon rsar

ICSI, 27 January 02015 27



Open resource development

Tabularization output of previous example

revolcarA  vtA chchix_ chtol _e-

revolcarA v prnlA chas chata'»chbix_ chtol_e-
revolverA  vtA chc_hix_erchyitje-

revolver (liquido)A vtA chta-

reyAmA rey-

rezarA viA chon rsar-

ICSI, 27 January 02015
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Open resource development

Serialization: methods

» Tagging of columns as expressions, definitions, word classes,
metadata, etc.

» Recategorization of non-lemmatic portions of expressions as
definitions (e.g. parenthesized text) or word classes (e.g.
question marks)

» Normalization of strings as expressions or definitions on the
basis of length, Unicode characters, or attestation in PanLex

ICSI, 27 January 02015 29



Open resource development

Serialization: tagging and normalization example

manAlacAlalaki-~

balancesA  tigbanA timbangan-

womanA paranpaonA babaye-

weightA tahila timbang-

young womanAbeni beniA dalaga-

pearlA mutiaraimutya-

married womanA babayA babayeng minyo-
mother of pearlAtipayA tipay-
buttocksA samputA balat-ang-

pipe (musical instrument)A subingA plawta-
thighA pahadA  paa-

disease of St. JobAalupalanA  hubag-

kneeA  tuhudA tuhod-
bring meA palatin comoricaA ambi-
shinA  bassag- bassagA bitiis-

certain rice cakesA tinapaiAputo/ bibingka-
ankleA bolbolA buulbuul-

goodA mainA  maayo-

heelA  tiochidAkiting-

noA tifaleA dili-

sole (foot)Alapa lapasr lapalapa-

knifeA capol/sundanA  kutsilyo-
goldA balaoanAbulawan-
scissorsA catleA gunting-

silverA pillaa plata/pilak-
to shaveA  chunthinchA mamalbas-
brassA concachAtumbaga/ bronse-

sex@mani  «fex® lachA  «=ex® lalaki-

sfex@-balancesA <fexitigbani<iex® timbangan-

sfex@womani <fex@paranpaoni <fex¥babaye-

gex@pweightis€extahilh <fex®timbang-

sfex@young womanA  <iex®¥beni beniA <fex¥dalaga-

sfexp-pearlA sfex@mutiarah <Eex@Fmutya-

sfex@-married womanA <fex¥babayA <fex@babayeng minyo-
sfex@mother of pearls «Hex@tipayA siex¥tipay-

sfex@buttocksA <iexisamputi<iex@balat-ang-

sidfpipe (musical instrument)siex¥pipelsiex@subingi<siex®plawta-
sfexi-thighA «fexipahal <Eexipaa-
sfdf-disease of St. JobAsiex®alupalani
sfexirkneel <gex®tuhudA <fex@ tuhod-
«df#=bring meA <fex®palatin comoricalh <Eex¥ambi-

sfex@shinA «fex®bassag-bassaglh <sfex¥bitiis-

sfdf#certain rice cakesisiex@tinapailA «fex@puto<iex®bibingka-
sex@ankleA «Eex®bolboliAsiex®buulbuul-

sfex@goods <Eex@mainA <Hex¥Fmaayo-

sex@heeldr =gex®tiochidA «Eex¥kiting-
sexnoligextifalesdexdili-

sidf=sole (foot)siexisoler <iexk lapa lapal <iexk lapalapa-
sexprknifel «fexi capol«ex®sundani <Eex®kutsilyo-

sfex@goldA «fex®balaocansA  <fex¥bulawan-

sfex@scissorsA <iexPcatleA siex¥gunting-
sfex@silverisiexipillad siexiplatasex@pilak-

«idf¥ (to) shavesiexishaves sfex®chunthinchAsiex®mamalbas-
sfexi-brassA «fex®¥concachA «iex¥tumbaga<iex®bronse-

<fex@hubag-

ICSI, 27 January 02015
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Open resource development

Serialization: generation of final source file

sfex@mans  «ex® lacA  <iex® lalaki-

sfex¥balancesA <Eex®tigbanisiex® timbangan-

sfex-womani <fex@paranpaoni <iexi¥babaye-
sfex@Fweightisgextahilh sex®timbang-

sfex@Pyoung womanA  <fex¥beni beniA =fex¥dalaga-
sfex@pearlh «sex@mutiaralh <=Eex@Fmutya-

sfex@#married womani <fex¥babay/A <fex¥babayeng minyo-
sfex@#mother of pearlA «sHex¥tipayA sEex@tipay-
sfex@buttocksA <fex®samputisiex®balat-ang-

sidfpipe (musical instrument)<iex@pipeisiex¥subingisiexplawta-
sfex@thighA «fex®¥pahalA <Eex@paa-

sdf=disease of St. JobAsiex®alupalaniA <§ex@hubag-
sex@kneel <gex®tuhudA sfex®tuhod-

df=bring meA <dex®palatin comoricalh <Eex¥ambi-
sfex®@shinA <fex¥bassag-bassaglh «Eexgbitiis-

sfdf#certain rice cakesiAsiex¥tinapail <Eex@puto<iex®bibingka-
sfex@anklelr «wex@bolboliAsiex®buulbuul-

sfex@-goodA <EexPmainA <Eex¥maayo-

siexiheels «fextiochidA s§ex@kiting-
sex@nolgextifaletdgexdili-

sidf=sole (foot)siexisoler <iex¥ lapa lapal <iexk lapalapa-
sfex@knifeld «fex®capolsiex®sundani <Eex@kutsilyo-
sfex@golds «iex®balacanA  <fex®bulawan-

sfex@p-scissorsA <fex@catled sexgunting-
sexpsilverisex@pillal wiex@platasexipilak-

«idf (to) shavesiex@shavelA <§ex¥chunthinchAsiex®mamalbas-
sfex@brassiA <fex¥concachhA  <§ex¥tumbaga<iex®bronse-

ICSI, 27 January 02015
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