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Existing wiki systems

o wiki
o user-friendly collaborative environment for knowledge management

o content typically unconstrained natural language (NL), therefore not easily automatically
processable

o powered by software, e.g. MediaWiki
o e.g. Wikipedia
e semantic wiki (= wiki + formal semantics)
o provides: richer query language, consistency checking (via automatic reasoning)
o content typically NL + typed links (i.e. RDF triples)
o software: Semantic Mediawiki, ...
» controlled natural language (CNL) based semantic wiki
o semantic wiki using CNL for the content
o formal languages hidden (=> can use more expressive formal languages)

o software: AceWiki



Multilingual CNL-based Semantic Wiki

* multiple languages
o natural: English, German, ...
o formal: first-order logic, OWL, ...
o languages for content vs user interface
* CNL-based
o backed by formal grammar(s)
o formal languages are hidden
e semantic
o content automatically kept in sync via precise translation
o consistency checking, question answering, ... (depending on the domain)
o wiki
o user-friendly

o collaborative



Possible use cases

* multilingual ontology editor

o e.g. environment where users agree on the content and multilingual vocabulary of an OWL-
style geography ontology

» tourist phrasebook
o book structure (chapters and sections)
o multilingual content presented in parallel
» catalog of museum objects (paintings, painters)
o each object on its own wiki page
o rich queries (e.g. "which Dutch painter painted which French painter?")

 SWIFTTT systems (see: David Karger's talk)



Background technologies



Attempto Controlled English (ACE)

* subset of natural English

[e]

conjunction, disjunction, negation, if-then, ...

[e]

anaphoric references: pronouns, definite noun phrases, variables

[e]

quantifiers: every, no, at least 3, ...

[e]

content words: proper names, common nouns, verbs, adjectives, ...
 grammar is fixed, but users can change content words
» deterministic ambiguity handling
o anaphora resolution (France borders Spain and it borders Portugal.)
o quantifier scope (Every country borders a country.)

o attachment (Every EU-country borders a country that is a EU-country and is a NATO-
country.)

» well-defined translation to and from first-order logic, OWL, ...

* end-user documentation: construction and interpretation rules, as restrictions of English



ACE reasoning via translation to OWL

Every country that does not border a sea is a landlocked-country.

SubClassOf(
ObjectIntersectionOf(
:country
ObjectComplementOf (
ObjectSomeValuesFrom(
:border
:sea

)
)

:landlocked-country

)
Which country is a landlocked-country?

ObjectIntersectionOf(
:country
:landlocked-country



AceWiki

landlocked country

&> Which country is not a landlocked country?

> What is a landlocked country?

RV Y

- Estonia

- Finland
-lceland

- Latvia

-Malta

-Russia

- United Kingdom

- Andorra

- Austria

- Belarus

- Czech Republic
- Hungary

- Liechtenstein

- Moldova

- Slovakia

- Switzerland
-Vatican City
Which landlocked country is a member of thi
- Czech Republic

- Hungary

- Slovakia

Every landlocked country is a country.
MNo country that borders a sea or that border
MNo island-country is a landlocked country.
Every microstate that belongs to Europe is 4§

Every country that is surrounded by a count

* expressive semantic wiki system

» front-end language ACE; background reasoning language OWL

* monolingual, fixed grammar, no ambiguity handling

AceWiki

Sentence Editor [x]
Which landlocked country is
text
function word transitive adjsctive new variable
a new... X
an associated with Y
no the capital of z
nobody close to
not the language of
nothing larger than
somebody located in
[proper name passive verb reference
new... new... the landlocked country
Afghanistan adopted by
Africa bordered by
Aland commanded by
Alberta contained by
the Alps cultivated by
Andorra flown through by

OK || Cancel




Grammatical Framework (GF)

framework for multilingual grammar engineering ]

o functional programming language optimized to handle natural language

o resource grammar library implementing common morphological and syntactic structures
o mildly context sensitive

grammar = language-neutral abstract syntax + multiple concrete syntaxes that implement the
abstract functions and categories, specifying words, word order, agreement, etc.

° border : Country -> Country -> Relation
o English: border x y = x!Nom + "borders" + y!Nom
o Estonian: border x y = x!Gen + "naaber on" + y!Nom

translation = parse a string in language A to tree(s) + linearize these tree(s) as strings in
language B

parsing (translation, look-ahead, ...) based on Parallel Multiple Context-Free Grammars

various tools + bindings to Python, Java, Javascript, Prolog, ...



GF Resource Grammar Library (RGL)

* morphology and syntax for ~30 languages via language-neutral API

» developers do not need detailed knowledge of the languages that they want to support in their

application

Function Type Example
genericCl | VP -= (] one sleeps
mkC1 NP -=V -=(Cl she sleeps
mkCL NP -=V2 -=NP -=Cl she loves him
mkC1 NP -=V3 -> NP -= NP -=Cl |she sends it to him
mkCL NP -=VV -=VP -= (] she wants to sleep
mkC1l NP -=VS =5 -=(Cl she says that I sleep
mkCl NP ->VQ--0QS->Cl she wol o APL mkutt (mkcl she_NP say VS (mkS (mkCl i_NP sleep_V)))
mkel NP -> VA -» A ->Cl she bec] * Afr: sy sé dat ek slaap

+« Bul: ma kassa , ue a3 cna
mkCl NP ->VA -» AP ->Cl she bec| o Cat: ella diu que jo dormo
nkCl NP ->V2A ->NP -»A -»Cl |shepaif ¢ Chi: UZZE

* Dan: hun siger at jeq sover
mkCL NP -=V2A -= NP -> AP -=Cl | she pail + Dut: ze zegt dat ik slaap

« Eng: she says that I sleep
mkCl NP ->V3S ->NP ->S ->Cl [sheans|  pnpan sanoo ettd mind nukun
mkCL NP ->V2Q -> NP -> QS -> Cl | she ask| ¢ Fre: elle dit que

+ Ger: sie sagt , dass ich schlafe
mkCl NP -> VIV -> NP -> VP -> Cl |she beg| o Gre: qunj Aée1 611 eyd koydipan
mkC1 NP -= VPSlash -= NP -= Cl she begl * Hin: 78 e & f 4 s §

« Ita: lei dice che io dormo







Implementation of AceWiki-GF

* integrate ACE with GF (ACE-in-GF)
o implement a multilingual grammar of ACE in the GF framework
o cover the languages supported by the GF resource grammar
o not fine-tuned to any particular language (apart from ACE)
* integrate AceWiki with GF (AceWiki-GF)
o implement connection to GF tools (GF Webservice / Cloud Service)

o add support for the management of multilinguality, ambiguity, grammar



ACE-in-GF (main idea)

An ACE grammar implemented in GF adds multiple natural languages as front-ends to ACE. As a

result, these languages can be mapped to and from various formal languages already supported
by ACE.

German OowL

ACE-in-GF trees

Finnish ACE <«—» DRS ——» TPTP

ha



ACE-in-GF (main idea)

German
Jedes Land, das nicht an ein Meer grenzt, ist ein Binnenland.

ACE-in-GF tree

baseText (sText (s (vpS (everyNP (relCN (cn_as VarCN country CN)
(neg _predRS which RP (v2VP border V2 (thereNP_as NP
(aNP (cn_as VarCN sea CN))))))) (npVP (thereNP as NP
(aNP (cn_as VarCN landlocked country CN)))))))

ACE
Every country that does not border a sea is a landlocked-country.

OoOwWL

SubClassOf(
ObjectIntersectionOf (
:country
ObjectComplementOf (
ObjectSomeValuesFrom( :border :sea )
)
)

:landlocked-country



ACE in GF

* implementation of the ACE syntax

o extension of Angelov and Ranta (CNL 2009)

o focus on the subset of ACE that can be mapped to OWL

o almost 100% coverage at almost 0% ambiguity

o no direct generation of discourse representation structures (DRS)
* support most RGL languages

o Bulgarian, Catalan, Chinese, Danish, Dutch, English, Finnish, French, German, Greek, Hindi,
Italian, Latvian, Norwegian, Polish, Romanian, Russian, Spanish, Swedish, Thai, Urdu

o RGL-based design provides automatic increase in quality and language-coverage over time

» status

o some precision problems, e.g. anaphoric references do not obey DRS accessibility
constraints

o ambiguity and coverage problems in some languages



ACE-Iin-GF translation example

ACE:
Bul:
Cat:
Chi:
Dan:
Dut:
Fin:
Fre:
Ger:
Gre:
Hin:
Ita:
Lav:
Nor:
Pol:
Ron:
Rus:
Spa:
Swe:
Tha:
Urd:

every person that speaks a language X does not forget X .
BCEKM 4YOBEK KOWTO roBopu e3nk X He 3abpassa X .

cada persona que parla una llengua X no oblida X .
??2?2X?2?2?2?27?27?777? X7

hver person , som taler et sprog X glemmer ikke X .

elke persoon , dat een taal X spreekt vergeet niet X .
jokainen henkilo , joka puhuu kielta X ei unohda X:aa .
chaque personne qui parle une langue X n' oublie pas X .
jede Person , die eine Sprache X spricht vergifBt X nicht
KGO mpoowro mov PIAd pila yAwcoa tov X dev Eeyxva tov X .
& [person CN] , S [language CN] X Sl & X & 9ol & .
ogni persona che parla una lingua X non dimentica X .
ikviena persona , kas saka valodu X neaizmirst X .

hver person , som snakker et sprak X glemmer ikke X .
kazda osoba , ktdora rozmawia z jezykiem X nie zapomina X .
orice persoana care vorbeste o limba X nu il uita pe X .
KaXOblh L0 , KOTOPbIM FOBOPUT Ha f3blke X He 3abbiBaeT X .
cada persona que habla una lengua X no olvida X .

varje person , som talar ett sprék X glommer inte X .

ul_g_)g_?,uasz?X?? LL]g_gX?? L;_Jg_m_g 2570



AceWiki integration with GF

* wiki content is based on a (single) GF grammar
o provided by GF Webservice / Cloud service
o optimized for ACE-in-GF (but other GF grammars can also be used)
» wiki entry is GF abstract tree set
o viewed via linearization(s)
o can represent ambiguity
* multilingual viewing and editing of wiki content
o grammar-based look-ahead editing that shows next possible tokens
o ambiguity resolution via another concrete language
e grammar integrated into the wiki
o GF grammars are very modular
o grammar modules as wiki articles (wiki-linking of grammar and content)

o grammar can be changed while editing the wiki



ACE-based geography article

AceWiki

Geography

Navigation

- Main Page

- Index

- Search

- About

- Random Article

Actions
- New...

- Export...
- About Grammar

Languages

- ACE

- Deutsch

- Espanol

- ltalian

- Nederlands
- Suomi

@@ &k D

Anticle |

Aare

(> The Aar rises in Switzerland and ends in Switzerland.
= The Aar flows into the Rhine that drains into the North Sea.
= Ewvery river that rises in Switzerland drains into the North Sea or drains into the Mediterranean.

(2 altematives)

E@DE Qe

el

i Artikel
AceWiki o |
Aare
Geography
= Die Aare beginnt in der Schweiz und endet in der Schweiz.
o > Die Aare flielt in den Rhein, der in die Nordsee mindet.
f""’H"?jB‘;’ejm > Jeder Fluss, der in der Schweiz beginnt mindet in die Nordsee oder miindet ins Mittelmeer.
- Index Satz-Editor
- Suchen
_ Uber Welcher Fluss beginntin der Schweiz und mindetin die
- Zufalliger Artike!
Alktionen
- Neu...
- Exportieren... < Lischen
- Uber Gi i Text |
Sprachen
-ACE
Eigenname Substantiv
- Deutsch
- Espan 4| [Finno-ugrische Sprache N
TETE Memel :
_ itali Germanische Sprache
1an Moldau Hauptstadt
- Nederlands Narva nsel
- Suomi Niederlande Insel
Nordsee ngmppe
Oder Miindung
Port-Insel nordistliche Region
Pyrenaen nordéstliche Zone
Reuss nordwestliche Region
Rhodopen nordwestliche Zone
Rhone offizielle Sprache
Save Provinz
Sd_'mz Region
Seine Romanische Sprache
Siena de Albarracin ~| |Semitische Sprache -
OK | [ Abbrechen




Ambiguity resolution

Der Rhein flieRt durch eine Stadt, die die Schweiz enthélt. - Ubersetzungen

ACE
The Rhine flows_through a city that contains Switzerland. (2 Alemativen)

el A temativen [%]
The Rhine —

Dieser S5atz hat mehrere Altemativen. Dies passiernt wenn ein Satz in einer anderen Sprache geschrieben wurde, wo es diese
Deutsch Unterschiede nicht gibt. Die Auswahl einer Altemative venwirft die anderen.
Der Rhein

Espanol | (73 The Rhine flows through a city that contains Switzerland.
EIRin alry @ The Rhine flows through a city that Switzerland contains.




Grammar module page

Attempto

AttemptoAce AttemptoDut AttemptoFin AttemptoGer Attemptol
AttemptoIta AttemptoSpa Geography

|Edit module| |Check module|

1 abstract Attempto = Mumeral, Symbols , Questions ** {

2

3 flags startcat = ACEText ; -- Use Text to get only single-sentence texts
5

fun aNP : VarCN -= ThereNP ;
6  fun theNP : VarCN -= NP ;
7 fun noNP : VarCN -= NP ;
8  fun everyNP : VarCN -= NP ;
9  fun pnNP : PN -= NP ;

11 fun somebody IPron : IndefTherePron ;
12 fun something IPron : IndefTherePron ;
13 fun everybody IPron : IndefPron ;

14 fun everything IPron : IndefPron ;

15 fun nobody IPron : IndefPron ;

16 fun nothing IPronm : IndefPron

18  fun indefTherePronNP : IndefTherePron -= ThereNP ;

19 fun indefPronNP : IndefPron -= NP ;

20

21 fun indefTherePronVarNP : IndefTherePron -= Var -= ThereNP ;
22 fun indefPronVarNP : IndefPron -= Var -= NP ;

24 fun at_leastNP : Card -» VarCN -» ThereNP ;



Automatic question answering

AceWiki

Geography

Navegacidn

- Pagina principal
- Indice

- Buscar

- Acerca de

- Gramdtica

- Articulo aleatorio

Acciones
- Nuevo...

- Exportar...

Idiomas
- ACE

- ACE+ex
- Deutsch
- Espanaol

EDE R rowern o

Articulo |

Landlocked country

IRV R RV

Siun pais X no limita con un mar y no limita con un océano entonces X es un pais interior.
Minglan pais interior limita. con un océano.

Mingln pais interior limita con un mar.

4Oue pais es un pais interior?

- Austria

- Liechtenstein

- SuUiza

AOue pais no es un pais interior?

- Estonia

- Letonia

- Lituania

Liechtenstein limita con un pais. El pais no es un pais interior.



Evaluation of ACE-in-GF

Design
* generate ~100 ACE sentences/questions and automatically translate them to all the languages
o full coverage of all the grammar functions
o large coverage of OWL axiom structures (subclass, range, domain, transitivity, ...)
* measure translation accuracy from ACE to other languages
* use Google Translate as the baseline
* 20 human evaluators (2 per language) as the gold standard
Results
» participants preferred ACE-in-GF translations to Google translations and post-edited them less

* many edits were stylistic (e.g. users preferred elliptical sentences)



Evaluation of ACE-in-GF

100 %

90 %

80 %

70%

60 %

50 %

40 %

30%

20%

10%

0%

Catalan

Danish

Dutch

W Rejected
¥ Post-edited

W Accepted

Finnish French German Italian  Norwegian Spanish  Swedish  Average




Evaluation of AceWiki-GF

Design
* develop a 500-word geography lexicon
o 3 languages: English, German and Spanish
o 3 authors (incl. native speakers of German and Spanish, and a GF engineer)
» ask users of different languages to supply the wiki with sentences and tag each as true or false
» ask them then to evaluate others' sentences as true or false
* measure the user (dis)agreement and how much it is influenced by the automatic translation
Results
» 30 participants entered 316 sentences, covering all syntactic functions
* AceWiki-GF user interface was found to be easy to use

* agreement level was ~83% with no significant influence from the translation



Future work

* generalize to handle other types of grammars and reasoning
* improve collaborative grammar editing features
* improve ambiguity management (e.g. automatic reasoning-based ambiguity resolution)

» use the wiki content to automatically generate documentation, grammar fragments, look-
ahead editor customizations, etc. for novice users



Links

ACE-in-GF
o multilingual ACE grammar

o source code: http://github.com/Attempto/ACE-in-GF
AceWiki-GF

o multilingual CNL-based semantic wiki engine

o source code: http://github.com/AceWiki/AceWiKi
o demo wikis: http://attempto.ifi.uzh.ch/acewiki-gf/
MOLTO project: http://www.molto-project.eu/
o see the deliverables of WP11
Attempto project: http://attempto.ifi.uzh.ch/
* Grammatical Framework project: http://www.grammaticalframework.org/

o GF Summer School @ Frauenchiemsee (August 2013):

http://school.grammaticalframework.org/2013/


http://github.com/Attempto/ACE-in-GF
http://github.com/AceWiki/AceWiki
http://attempto.ifi.uzh.ch/acewiki-gf/
http://www.molto-project.eu/
http://attempto.ifi.uzh.ch/
http://www.grammaticalframework.org/
http://school.grammaticalframework.org/2013/

Thank You!
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