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The challenge
 slides by Denny Vrandečić, Wikimedia

https://en.wikipedia.org/wiki/Denny_Vrande%C4%8Di%C4%87


Imagine a 
world where 
everyone can 
share in the 
sum of all 
knowledge



Wikipedia
today

310 languages

56.3 million articles



Very   
       unevenly 
distributed



Very   
       unevenly 
distributed
English: 6,316,595



Very   
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English: 6,316,595

Amharic: 



Very   
       unevenly 
distributed
English: 6,316,595

Amharic:    14,941

(not to scale)



6.3M
English



6.3M
English

German
2.6M



6.3M
English

German
2.6M

Overlap
1.2M



Coverage
20M topics with 

Wikipedia articles



Coverage
20M topics with 

Wikipedia articles

English covers 6M (~⅓) 















Just bring 
everything 

from 
Wikipedia 

to 
Wikidata



The cost of Wikipedia

 #topics × #languages
20M × 300 ≈ 6,000,000,0002



 93,923,690
items



1,283,552,937
statements





Toy example

“Marie Curie was the 
only person to receive the 
Nobel Prize in two 
different scientific 
categories.”

OnlyPersonThat
  Person: Marie Curie
  Condition: AwardWinning
    Award: Nobel Prize
    Type: ModNounPhrase
      Determiner: two
      Modifiers:
        different
        scientific
      Head: category



Toy example

“Marie Curie je jedina 
osoba koja je dobila 
Nobelovu nagradu u dva 
različita znanstvena 
područja.”

OnlyPersonThat
  Person: Marie Curie
  Condition: AwardWinning
    Award: Nobel Prize
    Type: ModNounPhrase
      Determiner: two
      Modifiers:
        different
        scientific
      Head: category



Constructors
OnlyPersonThat(
  Person: Person
  Condition: Verb phrase
) ￫ Clause

AwardWinning(
  Award: Award
  Type: Noun phrase
  Time: Time
  Reason: Noun phrase
) ￫ Verb phrase

ModNounPhrase(
  Determiner: Determiner
  Modifiers: List(Adjectival phrase)
  Head: Noun phrase
) ￫ Noun phrase



Renderer
per constructor

and language

“Marie Curie was the only 
person who to receive the 
Nobel Prize in two different 
scientific categories.”

OnlyPersonThat:
  Person + 
  "was the only person" +
  Condition + "."



Renderer
per constructor

and language

“Marie Curie je jedina 
osoba koja je dobila 
Nobelovu nagradu u dva 
različita znanstvena 
područja.”

OnlyPersonThat:
  Person + 
  "was the only person" +
  Condition + "."

OnlyPersonThat:
  Person + 
  "je jedina osoba koja je"   
  + Condition + "."



WIKIDATA

OnlyPersonThat
  Person: Marie Curie
  Condition: AwardWinning
    Award: Nobel Prize
    Type: ModNounPhrase
      Determiner: two
      Modifiers:
        different
        scientific
      Head: category

“$Person was 
the only person 
$Condition.”

Marie Curie was the 
only person to 
receive the Nobel 
Prize in two 
different scientific 
categories.



WIKIDATA

“$Person je 
jedina osoba 
koja je 
$Condition.”

Marie Curie je jedina 
osoba koja je dobila 
Nobelovu nagradu u 
dva različita 
znanstvena područja.

OnlyPersonThat
  Person: Marie Curie
  Condition: AwardWinning
    Award: Nobel Prize
    Type: ModNounPhrase
      Determiner: two
      Modifiers:
        different
        scientific
      Head: category



WIKIDATA

“$Person je 
jedina osoba 
koja je 
$Condition.”

Marie Curie je jedina 
osoba koja je dobila 
Nobelovu nagradu u 
dva različita 
znanstvena područja.

WIKIFUNCTIONS

OnlyPersonThat
  Person: Marie Curie
  Condition: AwardWinning
    Award: Nobel Prize
    Type: ModNounPhrase
      Determiner: two
      Modifiers:
        different
        scientific
      Head: category



English Swedish Amharic

Chalmers Oxygen Marie Curie Music

Renderer
one per language 
and constructor

Content
one per item

Constructor
single set

WIKIDATA 
lexical and ontological 

knowledge

WIKIFUNCTIONS 
functional
knowledge



Grammatical Framework (GF)



The mission of GF is to formalize the 
grammars of the world and make them 
available for computer applications.

http://www.grammaticalframework.org

Since 1998 (Xerox Research → open source)

http://www.grammaticalframework.org


http://www.grammaticalframework.org/demos/
multilingual_headlines.html

Abstract Syntax Tree

linearizations

http://www.grammaticalframework.org/demos/multilingual_headlines.html
http://www.grammaticalframework.org/demos/multilingual_headlines.html


http://www.grammaticalframework.org/demos/
multilingual_headlines.html

Abstract Syntax Tree

linearizations

constructors

renderers

http://www.grammaticalframework.org/demos/multilingual_headlines.html
http://www.grammaticalframework.org/demos/multilingual_headlines.html


Support statement from Denny Vrandečić, Wikimedia

“Without Grammatical Framework, Abstract Wikipedia would not exist. Grammatical Framework is a proof by 
existence that the underlying ideas of Abstract Wikipedia - edit and maintain content in an abstract notation 
and provide linearizers to create natural language text from the abstract content - are possible and sound."

"The experience of the Grammatical Framework researchers and their deep expertise gathered in decades of 
work will be a unique resource to support us."

(12 August 2021)



RGL =
Resource 
Grammar
Library

- syntax API

http://www.grammaticalframework.org/lib/
doc/synopsis/

http://www.grammaticalframework.org/lib/doc/synopsis/
http://www.grammaticalframework.org/lib/doc/synopsis/


RGL =
Resource 
Grammar
Library

- smart paradigms

http://cloud.grammaticalframework.org/gfmorpho/ 

http://cloud.grammaticalframework.org/gfmorpho/


https://commons.wikimedia.org/wiki/Maps_of_the_world#/media/File:BlankMap-World-noborders.png
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NLG in GF: baseline and extensions



data English master

Finnish

French

German

technical writer

translators

traditional workflow for 
multilingual documentation



data

Finnish

French

German

NLG

English

NLG as a pure data to text solution



https://w.wiki/3fV$ 

An experiment, starting from Wikidata

https://w.wiki/3fV$




Bottom-up approach

Stage 1: templates for atomic country facts

Stage 2: grammars for atomic facts

Stage 3: text planning

Stage 4: content planning



data host language 
(python) gf abstract

gf concrete Eng

gf concrete Fin

gf concrete Ger

System architecture



Stage 1:
 

Template-based generation of atomic facts



the capital of Argentina is Buenos Aires
the area of Argentina is 2780400
the population of Argentina is 44938712
the continent of Argentina is South America
the currency of Argentina is Argentine peso



abstract Facts = {

cat
  Fact ;
  Object ;
  Attribute ;
  Value ;
fun
  AttributeFact : Attribute -> Object -> Value -> Fact ;

  capital_Attribute : Attribute ;
  area_Attribute : Attribute ;
  population_Attribute : Attribute ;
  continent_Attribute : Attribute ;
  currency_Attribute : Attribute ;

  StringObject : String -> Object ;
  StringValue : String -> Value ;
}

https://github.com/aarneranta/NLG-examples/blob/main/doc/facts1/Facts.gf 

https://github.com/aarneranta/NLG-examples/blob/main/doc/facts1/Facts.gf




concrete FactsEng of Facts = {

lincat
  Fact = Str ;
  Object = Str ;
  Attribute = Str ;
  Value = Str ;

lin
  AttributeFact attr obj val =
    "the" ++ attr ++ "of" ++ obj ++ "is" ++ val ;

  capital_Attribute = "capital" ;
  area_Attribute = "area" ;
  population_Attribute = "population" ;
  continent_Attribute = "continent" ;
  currency_Attribute = "currency" ;

  StringObject str = str.s ;
  StringValue str = str.s ;
}



concrete FactsGer of Facts = {

lincat
  Fact = Str ;
  Object = Str ;
  Attribute = Str ;
  Value = Str ;

lin
  AttributeFact attr obj val = 
    attr ++ "von" ++ obj ++ "ist" ++ val ;

  capital_Attribute = "die Hauptstadt" ;
  area_Attribute = "die Fläche" ;
  population_Attribute = "die Einwohnerzahl" ;
  continent_Attribute = "der Kontinent" ;
  currency_Attribute = "die Währung" ;

  StringObject str = str.s ;
  StringValue str = str.s ;
}



die Hauptstadt von Argentina ist Buenos Aires
die Fläche von Argentina ist 2780400
die Einwohnerzahl von Argentina ist 44938712
der Kontinent von Argentina ist South America
die Währung von Argentina ist Argentine peso



concrete FactsFin of Facts = {

lincat
  Fact = Str ;
  Object = Str ;
  Attribute = Str ;
  Value = Str ;

lin
  AttributeFact attr obj val = 
    "maan" ++ obj ++ attr ++ "on" ++ val ;

  capital_Attribute = "pääkaupunki" ;
  area_Attribute = "pinta-ala" ;
  population_Attribute = "asukasluku" ;
  continent_Attribute = "maanosa" ;
  currency_Attribute = "valuutta" ;

  StringObject str = str.s ;
  StringValue str = str.s ;
}



maan Argentina pääkaupunki on Buenos Aires
maan Argentina pinta-ala on 2780400
maan Argentina asukasluku on 44938712
maan Argentina maanosa on South America
maan Argentina valuutta on Argentine peso



import pgf

def country_facts(c):
  object = pgf.Expr('StringObject',[string_expr(c.country)])
  return [
    pgf.Expr('AttributeFact',
           [pgf.Expr(attr,[]),object,pgf.Expr('StringValue',[string_expr(val)])])

      for (attr,val) in [
        ('capital_Attribute', c.capital),   
        ('area_Attribute', c.area),
        ('population_Attribute', c.population),
        ('continent_Attribute', c.continent),
        ('currency_Attribute', c.currency)
        ]
    ]

https://github.com/aarneranta/NLG-examples/blob/main/doc/facts1/facts.py 

Portable Grammar Format, making GF accessible from Python, Java, C, Haskell,...

https://github.com/aarneranta/NLG-examples/blob/main/doc/facts1/facts.py


def main():
    gr = pgf.readPGF(pgf_file)
    countries = get_countries(country_file)
    langs = list(gr.languages.values())
    for lang in langs:
        text = []
        for c in countries:
            for t in country_facts(c):
                text.append(lang.linearize(t))
        print('\n'.join(text))



Using a multilingual GF 
grammar and its abstract 
syntax, 

we can define NLG 
simultaneously for any number 
of languages.

How GF helps, #1



maan Argentina pääkaupunki on Buenos Aires
maan Argentina pinta-ala on 2780400
maan Argentina asukasluku on 44938712
maan Argentina maanosa on South America
maan Argentina valuutta on Argentine peso



Stage 2: 

Grammar-based generation of atomic facts



the population of United States of America is 331449281

→ (grammar for names)

the population of the United States is 331449281

→ (attribute-specific rendering)

the United States has 331449281 inhabitants



die Einwohnerzahl von United States of America ist 331449281

→ (grammar for names)

die Einwohnerzahl von den Vereinigten Staaten ist 331449281

→ (attribute-specific rendering)

die Vereinigten Staaten haben 331449281 Einwohner



maan United States of America asukasluku 331449281

→ (grammar for names)

Yhdysvaltain asukasluku on 331449281

→ (attribute-specific rendering)

Yhdysvalloissa on 331449281 asukasta



concrete FactsEng of Facts = 
                  open SyntaxEng in {
lincat
  Fact = Cl ;
  Object = NP ;
  Attribute = CN ;
  Value = NP ;
lin
  AttributeFact attr obj val = 
    mkCl (mkNP the_Det (mkCN attr 
       (mkAdv possess_Prep obj))) val ;

concrete FactsEng of Facts = {

lincat
  Fact = Str ;
  Object = Str ;
  Attribute = Str ;
  Value = Str ;
lin
  AttributeFact attr obj val =
    "the" ++ attr ++ 
       "of" ++ obj ++ "is" ++ val ;



concrete FactsEng of Facts = 
                  open SyntaxEng in {
lincat
  Fact = Cl ;
  Object = NP ;
  Attribute = CN ;
  Value = NP ;
lin
  AttributeFact attr obj val = 
    mkCl (mkNP the_Det (mkCN attr 
       (mkAdv possess_Prep obj))) val ;

concrete FactsEng of Facts = {

lincat
  Fact = Str ;
  Object = Str ;
  Attribute = Str ;
  Value = Str ;
lin
  AttributeFact attr obj val =
    "the" ++ attr ++ 
       "of" ++ obj ++ "is" ++ val ;

concrete FactsGer of Facts = {

  AttributeFact attr obj val = 
    attr ++ 
     "von" ++ obj ++ "ist" ++ val ;

concrete FactsGer of Facts = 
                   open SyntaxGer in {
  AttributeFact attr obj val = 
    mkCl (mkNP the_Det (mkCN attr 
       (mkAdv possess_Prep obj))) val ;



concrete FactsEng of Facts = 
                  open SyntaxEng in {
lincat
  Fact = Cl ;
  Object = NP ;
  Attribute = CN ;
  Value = NP ;
lin
  AttributeFact attr obj val = 
    mkCl (mkNP the_Det (mkCN attr 
       (mkAdv possess_Prep obj))) val ;

concrete FactsEng of Facts = {

lincat
  Fact = Str ;
  Object = Str ;
  Attribute = Str ;
  Value = Str ;
lin
  AttributeFact attr obj val =
    "the" ++ attr ++ 
       "of" ++ obj ++ "is" ++ val ;

concrete FactsGer of Facts = {

  AttributeFact attr obj val = 
    attr ++ 
     "von" ++ obj ++ "ist" ++ val ;

concrete FactsGer of Facts = 
                   open SyntaxGer in {
  AttributeFact attr obj val = 
    mkCl (mkNP the_Det (mkCN attr 
       (mkAdv possess_Prep obj))) val ;

concrete FactsFin of Facts = {
  AttributeFact attr obj val = 
    "maan" ++ obj ++ 
        attr ++ "on" ++ val ;

concrete FactsFin of Facts = 
             open SyntaxFin, (E=ExtendFin) in {
  AttributeFact attr obj val = 
    mkCl (mkNP (E.GenNP obj) attr) val ;



https://w.wiki/3mWG 

Lexicon from WikiData labels

https://w.wiki/3mWG


aarne$ python3 extract_names.py

fun United_States_of_America_CName : CName ;
lin United_States_of_America_CName = mkCName "Vereinigte Staaten" ;

https://github.com/aarneranta/NLG-examples/blob/main/doc/facts2/extract_names.py 

https://github.com/aarneranta/NLG-examples/blob/main/doc/facts2/extract_names.py


https://github.com/aarneranta/NLG-examples/blob/main/doc/facts2/extract_names.py 

lin United_States_of_America_CName = 
  mkCName (mkNP thePl_Det (mkCN (mkA "Vereinigt") (mkN "Staat" "Staaten")))

aarne$ python3 extract_names.py

fun United_States_of_America_CName : CName ;
lin United_States_of_America_CName = mkCName "Vereinigte Staaten" ;

https://github.com/aarneranta/NLG-examples/blob/main/doc/facts2/extract_names.py


Using GF-RGL and lexical data 
(such as Wikidata "labels"), 

we can build syntax rules and a 
lexicon for a new language 
almost automatically.

How GF helps, #2



Stage 3:

Building a fluent text



The United States is a North American country with 
331449281 inhabitants. 

Its area is 9826675. 

the capital of the United States is Washington, D.C. 
and   its currency is United States dollar.

referring 
expression

referring 
expression

aggregation

aggregation



def country_texts_embedded(factsys,data):
...
        doc = G.OneSentenceDoc(
                G.FactSentence(
                    G.KindFact(G.NameObject(countr),
                        G.ModifierKind(G.PropertyKind(G.cdProperty(cont),G.country_Kind),
                            G.NumericKindModifier(G.IntNumeric(pop),G.inhabitant_Kind)))))
        doc = G.AddSentenceDoc(doc,
                   G.FactSentence(G.AttributeFact(G.area_Attribute, G.PronObject(countr),
                                                      G.NumericValue(G.IntNumeric(are)))))
        doc = G.AddSentenceDoc(doc,
                 G.ConjSentence(
                   G.FactSentence(G.AttributeFact(G.capital_Attribute, G.NameObject(countr), G.NameValue(cap))),
                   G.FactSentence(G.AttributeFact(G.currency_Attribute, G.PronObject(countr), G.NameValue(curr)))))
...

https://github.com/aarneranta/NLG-examples/blob/main/doc/facts3/country_facts.py 

NLG function v1: abstract syntax via an embedded GF grammar

https://github.com/aarneranta/NLG-examples/blob/main/doc/facts3/country_facts.py


def country_texts_parsed(factsys,data):
  ...
  doc = factsys.str2exp("Doc",
          ("{} is a {} country with {} inhabitants. " 
           "its area is {} . "
           "the capital of {} is {} and its currency is {}.").
                       format(countr,cont,pop,are,countr,cap,curr))
  ...

https://github.com/aarneranta/NLG-examples/blob/main/doc/facts3/country_facts.py 

NLG function v2: abstract syntax via GF's parser on text templates

https://github.com/aarneranta/NLG-examples/blob/main/doc/facts3/country_facts.py


Using the parser of GF, 

we can write complex 
grammar rules that look 
like templates.

How GF helps, #3



aarne$ python3 country_facts.py
...
The United States is a North American country with 331449281 
inhabitants. Its area is 9826675. The capital of the United States 
is Washington, D.C. and its currency is United States dollar.
...

Yhdysvallat on pohjoisamerikkalainen maa, jossa on 331449281 
asukasta. Sen pinta-ala on 9826675. Yhdysvaltain pääkaupunki on 
Washington ja sen valuutta on Yhdysvaltain dollari.
...

Die Vereinigten Staaten sind ein Nordamerikanisches Land mit 
331449281 Einwohnern. Ihre Fläche ist 9826675. Die Hauptstadt von 
den Vereinigten Staaten ist Washington, D.C. und ihre Währung ist 
US-Dollar.

https://github.com/aarneranta/NLG-examples/blob/main/doc/facts3/country_facts.py 

https://github.com/aarneranta/NLG-examples/blob/main/doc/facts3/country_facts.py


concrete FactsEng of Facts = open
  SyntaxEng,
  SymbolicEng,
  GrammarEng,
  Prelude
in {
lincat
  Doc = Text ;
  Sentence = S ;
  Fact = Cl ;
  Object = {np : NP ; pron : Pron ; isPron : Bool} ;
  Property = AP ;
  Attribute = CN ;
  Modifier = {adv : Adv ; rs : RS ; isAdv : Bool} ;
  Kind = CN ;
  Value = NP ;
  Name = NP ;
  Numeric = Card ;
lin
  OneSentenceDoc sent = mkText sent ;
  AddSentenceDoc doc sent = mkText doc (mkText sent) ;
  ConjSentence a b = mkS and_Conj a b ;
  FactSentence fact = mkS presentTense positivePol fact ;
  KindFact obj kind = mkCl obj.np (mkNP a_Det kind) ; --- sind ein Land
  PropertyFact obj prop = mkCl obj.np prop ;
  AttributeFact attr obj val = case obj.isPron of {
    True => mkCl (mkNP (mkDet obj.pron) attr) val ;
    _ => mkCl (mkNP the_Det (mkCN attr (mkAdv possess_Prep obj.np))) val
    } ;
  PropertyKind prop kind = mkCN prop kind ;
  ModifierKind kind mod = case mod.isAdv of {
    False => mkCN kind mod.rs ;
    True => mkCN kind mod.adv
    } ;
  NumericKindModifier num kind = mkModifier (mkAdv with_Prep (mkNP num kind)) ;



concrete FactsGer of Facts = open
  SyntaxGer,
  SymbolicGer,
  GrammarGer,
  Prelude
in {
lincat
  Doc = Text ;
  Sentence = S ;
  Fact = Cl ;
  Object = {np : NP ; pron : Pron ; isPron : Bool} ;
  Property = AP ;
  Attribute = CN ;
  Modifier = {adv : Adv ; rs : RS ; isAdv : Bool} ;
  Kind = CN ;
  Value = NP ;
  Name = NP ;
  Numeric = Card ;
lin
  OneSentenceDoc sent = mkText sent ;
  AddSentenceDoc doc sent = mkText doc (mkText sent) ;
  ConjSentence a b = mkS and_Conj a b ;
  FactSentence fact = mkS presentTense positivePol fact ;
  KindFact obj kind = mkCl obj.np (mkNP a_Det kind) ; --- sind ein Land
  PropertyFact obj prop = mkCl obj.np prop ;
  AttributeFact attr obj val = case obj.isPron of {
    True => mkCl (mkNP (mkDet obj.pron) attr) val ;
    _ => mkCl (mkNP the_Det (mkCN attr (mkAdv possess_Prep obj.np))) val
    } ;
  PropertyKind prop kind = mkCN prop kind ;
  ModifierKind kind mod = case mod.isAdv of {
    False => mkCN kind mod.rs ;
    True => mkCN kind mod.adv
    } ;
  NumericKindModifier num kind = mkModifier (mkAdv with_Prep (mkNP num kind)) ;



concrete FactsEng of Facts = open
  SyntaxEng,
  SymbolicEng,
  GrammarEng,
  Prelude
in {
lincat
  Doc = Text ;
  Sentence = S ;
  Fact = Cl ;
  Object = {np : NP ; pron : Pron ; isPron : Bool} ;
  Property = AP ;
  Attribute = CN ;
  Modifier = {adv : Adv ; rs : RS ; isAdv : Bool} ;
  Kind = CN ;
  Value = NP ;
  Name = NP ;
  Numeric = Card ;
lin
  OneSentenceDoc sent = mkText sent ;
  AddSentenceDoc doc sent = mkText doc (mkText sent) ;
  ConjSentence a b = mkS and_Conj a b ;
  FactSentence fact = mkS presentTense positivePol fact ;
  KindFact obj kind = mkCl obj.np (mkNP a_Det kind) ; --- sind ein Land
  PropertyFact obj prop = mkCl obj.np prop ;
  AttributeFact attr obj val = case obj.isPron of {
    True => mkCl (mkNP (mkDet obj.pron) attr) val ;
    _ => mkCl (mkNP the_Det (mkCN attr (mkAdv possess_Prep obj.np))) val
    } ;
  PropertyKind prop kind = mkCN prop kind ;
  ModifierKind kind mod = case mod.isAdv of {
    False => mkCN kind mod.rs ;
    True => mkCN kind mod.adv
    } ;
  NumericKindModifier num kind = mkModifier (mkAdv with_Prep (mkNP num kind)) ;



concrete FactsGer of Facts = open
  SyntaxGer,
  SymbolicGer,
  GrammarGer,
  Prelude
in {
lincat
  Doc = Text ;
  Sentence = S ;
  Fact = Cl ;
  Object = {np : NP ; pron : Pron ; isPron : Bool} ;
  Property = AP ;
  Attribute = CN ;
  Modifier = {adv : Adv ; rs : RS ; isAdv : Bool} ;
  Kind = CN ;
  Value = NP ;
  Name = NP ;
  Numeric = Card ;
lin
  OneSentenceDoc sent = mkText sent ;
  AddSentenceDoc doc sent = mkText doc (mkText sent) ;
  ConjSentence a b = mkS and_Conj a b ;
  FactSentence fact = mkS presentTense positivePol fact ;
  KindFact obj kind = mkCl obj.np (mkNP a_Det kind) ; --- sind ein Land
  PropertyFact obj prop = mkCl obj.np prop ;
  AttributeFact attr obj val = case obj.isPron of {
    True => mkCl (mkNP (mkDet obj.pron) attr) val ;
    _ => mkCl (mkNP the_Det (mkCN attr (mkAdv possess_Prep obj.np))) val
    } ;
  PropertyKind prop kind = mkCN prop kind ;
  ModifierKind kind mod = case mod.isAdv of {
    False => mkCN kind mod.rs ;
    True => mkCN kind mod.adv
    } ;
  NumericKindModifier num kind = mkModifier (mkAdv with_Prep (mkNP num kind)) ;



incomplete concrete FactsFunctor of Facts = open
  Syntax,
  Symbolic,
  Grammar,
  Prelude
in {
lincat
  Doc = Text ;
  Sentence = S ;
  Fact = Cl ;
  Object = {np : NP ; pron : Pron ; isPron : Bool} ;
  Property = AP ;
  Attribute = CN ;
  Modifier = {adv : Adv ; rs : RS ; isAdv : Bool} ;
  Kind = CN ;
  Value = NP ;
  Name = NP ;
  Numeric = Card ;
lin
  OneSentenceDoc sent = mkText sent ;
  AddSentenceDoc doc sent = mkText doc (mkText sent) ;
  ConjSentence a b = mkS and_Conj a b ;
  FactSentence fact = mkS presentTense positivePol fact ;
  KindFact obj kind = mkCl obj.np (mkNP a_Det kind) ; --- sind ein Land
  PropertyFact obj prop = mkCl obj.np prop ;
  AttributeFact attr obj val = case obj.isPron of {
    True => mkCl (mkNP (mkDet obj.pron) attr) val ;
    _ => mkCl (mkNP the_Det (mkCN attr (mkAdv possess_Prep obj.np))) val
    } ;
  PropertyKind prop kind = mkCN prop kind ;
  ModifierKind kind mod = case mod.isAdv of {
    False => mkCN kind mod.rs ;
    True => mkCN kind mod.adv
    } ;
  NumericKindModifier num kind = mkModifier (mkAdv with_Prep (mkNP num kind)) ;

A functor opens 
interfaces instead of 
complete resources.



concrete FactsEng of Facts = FactsFunctor with
  (Syntax = SyntaxEng),
  (Symbolic = SymbolicEng),
  (Grammar = GrammarEng)

Functor instantiation.



concrete FactsGer of Facts = FactsFunctor with
  (Syntax = SyntaxGer),
  (Symbolic = SymbolicGer),
  (Grammar = GrammarGer)



concrete FactsFin of Facts = FactsFunctor with
  (Syntax = SyntaxFin),
  (Symbolic = SymbolicFin),
  (Grammar = GrammarFin)



concrete FactsFin of Facts = FactsFunctor - [AttributeFact]
with
  (Syntax = SyntaxFin),
  (Symbolic = SymbolicFin),
  (Grammar = GrammarFin)

** open (E=ExtendFin) in {

lin
  AttributeFact attr obj val = mkCl (mkNP (E.GenNP obj.np) attr) val ;
}

restricted inheritance with an 
exclude list



Using a functor over the 
RGL API, 

we can add rendering rules 
for a new language with 
just a few lines of code.

How GF helps, #4



Stage 4:

Selecting content



aarne$ python3 world_facts.py

There are 194 countries in the world. 
The total population of the world is 7552 million. 
People's Republic of China has the largest population and Russia has 
the largest area. 
India and People's Republic of China are the only countries with 
over a billion inhabitants.

There are 54 countries in Africa. 
The total population of Africa is 1253 million. 
Nigeria has the largest population and Algeria has the largest area.
...

https://github.com/aarneranta/NLG-examples/blob/main/doc/facts3/world_facts.py 

https://github.com/aarneranta/NLG-examples/blob/main/doc/facts3/world_facts.py


def continent_text(factsys,data,cont):
    cont_data = [d for d in data if cont in [d.continent,the_world]]

    ncountries = len(cont_data)
    largestpop = max(cont_data, key=lambda c: int(c.population)).country
    largestarea = max(cont_data, key=lambda c: int(c.area)).country
    totalpop = sum([int(c.population) for c in cont_data])//1000000

    doc = factsys.str2exp("Doc",
      ("there are {} countries in {}.").format(ncountries,cont))

    doc = G.AddSentenceDoc(doc, factsys.str2exp("Sentence",
      ("the total population of {} is {} million").format(cont,totalpop)))

    doc = G.AddSentenceDoc(doc, factsys.str2exp("Sentence",
      ("{} has the largest population and {} has the largest area").
                                     format(largestpop,largestarea)))

data aggregation

ellipsis



billions = [c.country for c in cont_data if int(c.population) > 1000000000]

if billions:
    doc = G.AddSentenceDoc(doc, factsys.str2exp('Sentence',
                object + ' with over a billion inhabitants'))

'X is the only K that P' is correct by construction



Who selects the content?

Stages 1 to 3: 

- the SPARQL query selects the facts
- all facts are verbalized

Stage 4:

- function world_facts.continent_text() selects the data for each continent 
and for the world



Next level: interactive selection

No algorithm can always select the most interesting data.

In the Abstract Wikipedia, the authors of documents must be able to select it.

Technically, this means that they produce the master documents in abstract 
syntax.



data Abstract master

Finnish

French

German

technical writer

NLG

English

human-driven NLG workflow



data English master

Finnish

French

German

technical writer

translators

compare with the traditional 
workflow



How to produce abstract master documents

Write abstract syntax trees

Write programs that produce abstract syntax trees, e.g. Wikifunctions

Write natural language and let GF parse it

- the language must be covered by a GF grammar
- it can be any of the languages covered
- it supports formal semantics that can be verified w.r.t. Wikidata



data

English/
Finnish/
French/
German  
master

Finnish

French

German

technical 
writer

NLG

parser-aided human-driven NLG

abstract  
master

English

parser



Using the parser of GF,

we can extract abstract 
syntax from plain text 
such as legacy articles 
and author input.

How GF helps, #5



Summary:

The NLG stages of Reiter & Dale



Reiter & Dale Stage 1 Stage 2 Stage 3 Stage 4 to do

content 
determination

all facts in 
data

semantic 
aggregation

interactive 
authoring

discourse 
planning

fact by fact syntactic 
aggregation

collect text 
patterns

sentence 
aggregation

syntactic 
aggregation

aggregation in all 
categories 

lexicalization data strings data labels WordNet, concept 
alignment

referring 
expression 
generation

constants constants and 
pronouns

ellipsis definite 
descriptions

linguistic 
realization

template RGL RGL functor language model 
optimization
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Research questions



Reiter & Dale Stage 1 Stage 2 Stage 3 Stage 4 to do

content 
determination

all facts in 
data

semantic 
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planning
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aggregation
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realization

template RGL RGL functor language model 
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NLG techniques extended
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GF scale-up required

From
- 40 languages, 100,000 abstract syntax functions

to
- 300 languages, 1,000,000 abstract syntax functions

Hence 2 orders of magnitude

To solve the computational challenge, we are looking at new models and algorithms, where

- the grammar is not in memory all the time but works like a database
- this is a major departure from the traditional theory of formal languages

To solve the linguistic challenge, we are looking at methods where

- more of the grammar can be extracted from data (existing texts, non-programmer informant input)
- support is given to resource grammars for low-resource languages with too little data



No resource grammar yet?

AdverbEng.PrepNP
ConstructorsEng.ComplV2
ConstructorsEng.DetArtCard
ConstructorsEng.the_Det
NounEng.AdvCN
NounEng.DetCN
NounEng.IndefArt
NounEng.UseN
NounEng.UsePN
ParadigmsEng.regN
ParadigmsEng.regPN
SentenceEng.PredVP
StructuralEng.have_V2
StructuralEng.in_Prep
StructuralEng.possess_Prep
SymbolEng.IntPN
SymbolEng.SymbNum
SymbolicEng.mkSymb
VerbEng.CompAdv
VerbEng.CompNP
VerbEng.UseComp

AdjectiveEng.AdjOrd
AdjectiveEng.PositA
ConjunctionEng.BaseNP
ConjunctionEng.BaseS
ConjunctionEng.ConjNP
ConjunctionEng.ConjS
ConjunctionEng.ConsNP
ConjunctionEng.ListNP,
ExtendEng.CardCNCard
IdiomEng.ExistNP
IdiomEng.ExistNPAdv
NounEng.AdNum
NounEng.AdjCN
NounEng.DetNP
NounEng.DetQuant
NounEng.NumSg
NounEng.OrdSuperl
NounEng.PossPron
NounEng.RelCN
NounEng.UsePron
ParadigmsEng.mkAdN

ParadigmsEng.mkAdv
ParadigmsEng.mkOrd
ParadigmsEng.regA
PhraseEng.NoPConj
PhraseEng.NoVoc
PhraseEng.PhrUtt
PhraseEng.UttS
RelativeEng.RelVP
StructuralEng.and_Conj
StructuralEng.it_Pron
StructuralEng.somewhere_Adv;
StructuralEng.they_Pron
StructuralEng.with_Prep
VerbEng.CompAP

needed at Stage 2 additionally needed at Stages 3 and 4

about 10% of the full RGL, 
normally doable in a 
couple of weeks by native 
speaker programmer



Conclusion



Abstract Wikipedia is a "Man on the Moon" project for NLG

- nothing of this size has been done before
- but we are confident that it is doable

The results of this work will be immediately available to billions of readers 
around the world, and we are tackling the issue of multilingual natural language 
generation on an unprecedented scale. 

(Denny Vrandečić)



Thanks!
Any questions?


