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Research efforts
statistical

symbolic



statistical

- opaque
- needs a lot of data
+ cheap
+ robust

symbolic

+ explainable
+ can do with little data
- expensive
- brittle

pros and cons
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Extreme dårskap极端愚蠢





Nguyen & al, Deep Neural Networks are Easily Fooled, CVPR’15, 2015.



https://translate.google.com/ 9 August 2018

https://translate.google.com/


What comes after NMT?



What comes after NMT?

GSM.



What comes after NMT?

GSM
(Grammatical and Semantic Methods)



si

 l’

semantic 
interlingua

Grammar-
based 
translation

grammar



Computational grammars



The Chomsky hierarchy (1956)

Type 0: unrestricted

Type 1: context-sensitive

Type 2: context-free

Type 3: regular



The Chomsky hierarchy in programming

Type 0: unrestricted

Type 1: context-sensitive

Type 2: context-free

Type 3: regular

Turing machine

  Natural language?

Programming languages

Finite automata



Mildly context-sensitive grammars (Joshi 1985)

Type 0: unrestricted

Type 1: context-sensitive

Type 2: context-free

Type 3: regular

“Type 1.5” Natural language



Variation in natural language: morphology

马 horse horses

cheval chevaux

masculine

hevonen hevoset

hevosen hevosten

hevosta hevosia

hevosena hevosina

hevoseksi hevosiksi

hevosessa hevosissa

... ...
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Variation in natural language: morphology

马 horse horses
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hevosessa hevosissa

... ...



Morphology in context-free grammar

N ::= “马”
N
Sg
::= “horse”

N
Pl
::= “horses”

N
MascSg

::= “cheval”

N
MascPl

::= “chevaux”

N
SgNom

::= “hevonen”

N
SgGen

::= “hevosen”

N
SgPar

::= “hevosta”

…

N
SgNom

::= “hevoset”

N
PlGen

::= “hevosten”

N
PlPar

::= “hevosia”

… 



Variation in natural language: syntax



Syntax in context-free grammar
N
SgNom

::= A
SgNom 

N
SgNom

N
SgGen

::= A
SgGen 

N
SgGen

N
SgPar

::= A
SgPar 

N
SgPar

…

N
PlNom

::= A
PlNom 

N
PlNom

N
PlGen

::= A
PlGen 

N
PlGen

N
PlPar

::= A
PlPar 

N
PlPar

… 

N::= A
 
N

N
Sg
::= A

 
N
Sg

N
Pl
::= A

 
N
Pl

N
MascSg

::= N
MascSg 

A
MascSg

N
MascPl

::= N
MascPl 

A
MascPl

N
FemSg 

::= N
FemSg  

A
FemSg

N
FemPl 

::= N
FemSg  

A
FemPl



Mildly context-sensitive: 
MCFG (Multiple Context-Free Grammar)
Context-free: strings

  N ::= “horse”

Multiple context-free: tuples of strings

  N ::= <”horse”,”horses”>
  N ::= <”hevonen”,”hevosen”,”hevosta”,”hevosena”,...>

Morphological feature: index in a tuple

  1 = singular, 2 = plural



Discontinuous constituents Reduplication

PMCFG (Parallel MCFG) is able to deal with these variations, unlike CFG.
No more expressive power has been needed to model the world’s languages so far.



The first sentence of EU’s GDPR legislation
http://eur-lex.europa.eu/legal-content/FI/TXT/HTML/?uri=CELEX:32016R0679&from=EN

http://eur-lex.europa.eu/legal-content/FI/TXT/HTML/?uri=CELEX:32016R0679&from=EN


GF, Grammatical Framework

Mission: to formalize the grammars 
of the world and make them 
available for computer applications



A. Ranta. Grammatical Framework: Programming with Multilingual Grammars, 
CSLI, Stanford, 2011. 

Chinese translation by Prof. Yan Tian: 语法框架 为多种自然语言语法编程, 
Shanghai Jiao Tong University Press, 2014.

http://www.grammaticalframework.org 

http://www.grammaticalframework.org


Multilingual grammars in GF

Constructive Type Theory

Parallel MCFG

Abstract Syntax

(interlingua) 

English Finnish Chinese
… 

Concrete Syntaxes



Morphology in GF

lincat 
  N = Str 

lin
  Horse = “马”

lincat 
  N = 
   Number => Str 

lin
  Horse = table {
   Sg => “horse” ;
   Pl => “horses”
   }

lincat 
  N = {
   s : Number => Str ;
   g : Gender
   }

lin
  Horse = {
   s = table {
     Sg => “cheval” ;
     Pl => “chevaux”
     } ;
   g = Masc
   }

lincat 
  N =
   Number => Case => Str

lin
  Horse = table {
     Sg => table {
      Nom => “hevonen” ;
      Gen => “hevosen” ;
      Part => “hevosta” 
      … 
     Pl => table {
      Nom => “hevoset” ;
      Gen => “hevosten”;
      Part => “hevosia” 
      … 
    }

cat 
  N
fun 
  Horse : N



Syntax in GF

lincat 
  N = Str
  A = Str 

lin
 Mod adj noun =   
  adj ++ noun

lincat 
  N = 
   Number => Str
  A = Str 

lin
 Mod adj noun =    
   table {
     n => adj ++  
          noun ! n
   }

lincat 
  N = {
   s : Number => Str ;
   g : Gender
   }
  A = Gender => Number
             => Str
lin
  Mod adj noun = {
   s = table {
     n => 
      noun.a ! n ++
      adj ! noun.g ! n
     } ;
   g = noun.g
   }

lincat 
  N =
   Number => Case => Str
  A =
   Number => Case => Str

lin
  Mod adj noun =
    table {
      n => table {

   c => 
         adj  ! n ! c ++
         noun ! n ! c
        }
      }

cat 
  N ; A
fun 
  Mod : A -> N -> N



Abstract syntax of the first sentence 
of GDPR

the

protection

natural_person

in_relation_to

the

processing personal_data

a fundamental_right



Interlingual translation



Linear scale-up effect



I want to go from 
Pudong Airport to 
Hongqiao Station.

Multilingual question answering



I want to go from 
Pudong Airport to 
Hongqiao Station.

   AskConnection

Chalmers   Central
 

   AnswerConnection

T7  Chalmers   Central
 

parsing

query enginePudong    Hongqiao

M2    Pudong    Hongqiao
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Hongqiao Station.

   AskConnection

Chalmers   Central
 

   AnswerConnection

T7  Chalmers   Central
 

Take Metro line 2 
from Pudong Airport 
to Hongqiao Station.

parsing

query engine

linearization

Pudong    Hongqiao

M2    Pudong    Hongqiao



I want to go from 
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从  浦 东 机 场 到 虹 桥 
站 怎 么 走 ？

   AskConnection

Chalmers   Central
 

   AnswerConnection

T7  Chalmers   Central
 

在 浦 东 坐 2 号 地 铁 
到 虹 桥 站

parsing

query engine

linearization

Pudong    Hongqiao

M2    Pudong    Hongqiao



Kuinka pääsee 
Pudongin lentokentältä 
Hongqiao-asemalle?

   AskConnection

Chalmers   Central
 

   AnswerConnection

T7  Chalmers   Central
 

Mene metrolla 2 
Pudongin 
lentokentältä 
Hongqiao-asemalle.

parsing

query engine

linearization

Pudong    Hongqiao

M2    Pudong    Hongqiao



The cost problem



statistics grammars

BSc in computer science PhD in linguistics

5 weeks of waiting 5 years of work

wide coverage limited coverage

robust brittle

state of the art obsolete
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Solution: software technology
Abstraction

- functional programming

Reuse

- grammars as software libraries

Tools

- grammar compiler (from high-level GF to low-level MCFG)
- portable runtime (for MCFG)



Abstraction: 
the golden rule of functional programming

Whenever you find yourself programming by 
copy and paste, write a function instead!



table {
     Sg => table {
      Nom => “hevonen” ;
      Gen => “hevosen” ;
      Part => “hevosta” ;
      Ess => “hevosena” ;
      Iness => “hevosessa” ;
      … 
     Pl => table {
      Nom => “hevoset” ;
      Gen => “hevosten” ;
      Part => “hevosia” ;
      Ess => “hevosina” ;
      Iness => “hevosissa” ;
      … 
    }

table {
     Sg => table {
      Nom => “lammas” ;
      Gen => “lampaan” ;
      Part => “lammasta” ;
      Ess => “lampaana” ;
      Iness => “lampaassa” ;
      … 
     Pl => table {
      Nom => “lampaat” ;
      Gen => “lampaiden” ;
      Part => “lampaita” ;
      Ess => “lampaina” ;
      Iness => “lampaissa” ;
      … 
    }



mkN “hevonen” mkN “lammas” 

mkN : Str -> N     -- a smart paradigm



Pres Simul Pos SDecl   me juoksemme
Pres Simul Pos SQuest  juoksemmeko me
Pres Simul Neg SDecl   me emme juokse
Pres Simul Neg SQuest  emmekö me juokse
Pres Anter Pos SDecl   me olemme juosseet
Pres Anter Pos SQuest  olemmeko me juosseet
Pres Anter Neg SDecl   me emme ole juosseet
Pres Anter Neg SQuest  emmekö me ole juosseet

Past Simul Pos SDecl   me juoksimme
Past Simul Pos SQuest  juoksimmeko me
Past Simul Neg SDecl   me emme juosseet
Past Simul Neg SQuest  emmekö me juosseet
Past Anter Pos SDecl   me olimme juosseet
Past Anter Pos SQuest  olimmeko me juosseet
Past Anter Neg SDecl   me emme olleet juosseet
Past Anter Neg SQuest  emmekö me olleet juosseet

Cond Simul Pos SDecl   me juoksisimme
Cond Simul Pos SQuest  juoksisimmeko me
Cond Simul Neg SDecl   me emme juoksisi
Cond Simul Neg SQuest  emmekö me juoksisi
Cond Anter Pos SDecl   me olisimme juosseet
Cond Anter Pos SQuest  olisimmeko me juosseet
Cond Anter Neg SDecl   me emme olisi juosseet
Cond Anter Neg SQuest  emmekö me olisi juosseet

Pot  Simul Pos SDecl   me juossemme
Pot  Simul Pos SQuest  juossemmeko me
Pot  Simul Neg SDecl   me emme juosse
Pot  Simul Neg SQuest  emmekö me juosse
Pot  Anter Pos SDecl   me lienemme juosseet
Pot  Anter Pos SQuest  lienemmekö me juosseet
Pot  Anter Neg SDecl   me emme liene juosseet
Pot  Anter Neg SQuest  emmekö me liene juosseet



mkCl we_NP (mkV “juosta”)

mkCl : NP -> V -> Cl     -- a syntactic combination function



Reuse: the GF Resource Grammar Library
Morphology: complete paradigms
Basic syntax: 80 categories, 200 functions
Function word lexicon: 100 lemmas
Content word test lexicon: 300 lemmas

34 languages: Afrikaans, Basque, Bulgarian, Catalan, Chinese (simplified), 
Danish, Dutch, English, Estonian, Finnish, French, German, Greek, Hindi, 
Icelandic, Japanese, Italian, Latvian, Maltese, Mongolian, Nepali, Norwegian 
(bokmål), Norwegial (nynorsk), Persian, Polish, Portuguese, Punjabi, 
Romanian, Russian, Sindhi, Spanish, Swedish, Thai, Urdu



Community of 250+ members



GF Summer Schools

Gothenburg, Sweden, 2009

Frauenchiemsee, Bavaria, 2013

Barcelona, Catalonia, 2011

Marsalforn, Gozo, Malta, 2015

Riga, Latvia, 2017



Tools: GF as a 
programming 
language

constructive type theory
functional programming
compiler construction
static grammar checking

abstract syntax
MCFG (Multiple Context-Free Grammars)
Resource Grammar Library

fast statistical parsing
normalization by evaluation
almost compositional transformations
grammar extraction from data

grammar compiler
runtime systems
development tools

methods

theory

algorithms

tools



language technology

❏ abstract syntax
❏ coding abstractions
❏ grammar libraries

linguistic theory

❏ universal grammar
❏ linguistic generalizations
❏ linguistic knowledge

GF as theory and technology



grammars, as widely 
believed

grammars, in reality

PhD in linguistics undergraduate to professor in 
linguistics, computer science, 
mathematics, philosophy...

5 years of work work: 5 hours (simple application) to 
5 months (new resource grammar)

limited coverage scalable

brittle precise and explainable

obsolete in actual use, both academically and 
commercially
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The coverage problem



precision
             100%

               20%

                               100      1000                          1,000,000 concepts
                                                                                              coverage

symbolic

statistical

The precision-coverage trade-off



precision
             100%

               20%

                               100      1000                          1,000,000 concepts
                                                                                              coverage

producer tasks

consumer 
tasks

Use cases



Microphone 

speak

Keyboard

writeMenu

build phrases 
interactively







GDPR



Demo page: https://gdprlexicon.com 

https://gdprlexicon.com/?s=subject


Some statistics about the GDPR lexicon

abstract

functions 3525

atomic 3272

syntactic 139

construction 114

English German French Italian Spanish

word tokens 55186 54903 62198 55296 57383

word types 2625 4153 3206 3520 3498

lemma types 2555 3053 2467 2689 2478

multiword 
functions

590 227 574 559 594

multiwords in 
corpus

8-13% 3-10% 10-21% 10-20% 11-21%

Is this the largest multilingual corpus ever analysed at this level of precision?
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DefPredParagraph type_Sort A_Var contractible_Pred (ExistCalledProp a_Var (ExpSort (VarExp A_Var)) (FunInd centre_of_contraction_Fun) (ForAllProp (BaseVar x_Var) (ExpSort (VarExp A_Var)) (ExpProp (equalExp (VarExp a_Var) (VarExp x_Var)))))
FormatParagraph EmptyLineFormat
TitleParagraph DefinitionTitle
DefPredParagraph (mapSort (mapExp (VarExp A_Var) (VarExp B_Var))) f_Var equivalence_Pred (ForAllProp (BaseVar y_Var) (ExpSort (VarExp B_Var)) (PredProp contractible_Pred (AliasInd (AppFunItInd fiber_Fun) (FunInd (ExpFun (ComprehensionExp 
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FormatParagraph EmptyLineFormat
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x_Var))) (mapExp (VarExp A_Var) (VarExp A_Var)))))))))
FormatParagraph EmptyLineFormat
TitleParagraph ProofTitle
AssumptionParagraph (ConsAssumption (ForAssumption y_Var (ExpSort (VarExp A_Var)) (LetAssumption (FunInd (ExpFun (DefExp (fiberExp (VarExp y_Var) (VarExp A_Var)) (ComprehensionExp x_Var (VarExp A_Var) (equalExp (VarExp x_Var) (VarExp 
y_Var)))))) (AppFunItInd (fiberWrt_Fun (FunInd (ExpFun (identityMapExp (VarExp A_Var)))))))) (BaseAssumption (LetExpAssumption (barExp (VarExp y_Var)) (TypedExp (BaseExp (pairExp (VarExp y_Var) (reflexivityExp (VarExp A_Var) (VarExp y_Var)))) 
(fiberExp (VarExp y_Var) (VarExp A_Var))))))
ConclusionParagraph (AsConclusion (ForAllProp (BaseVar y_Var) (ExpSort (VarExp A_Var)) (ExpProp (equalExp (pairExp (VarExp y_Var) (reflexivityExp (VarExp A_Var) (VarExp y_Var))) (VarExp y_Var)))) (ApplyLabelConclusion id_induction_Label 
(ConsInd (FunInd (ExpFun (VarExp y_Var))) (ConsInd (FunInd (ExpFun (TypedExp (BaseExp (VarExp x_Var)) (VarExp A_Var)))) (ConsInd (FunInd (ExpFun (TypedExp (BaseExp (VarExp z_Var)) (idPropExp (VarExp x_Var) (VarExp y_Var))))) BaseInd))) 
(DisplayExpProp (equalExp (pairExp (VarExp x_Var) (VarExp z_Var)) (VarExp y_Var)))))
ConclusionSoThatParagraph (ForConclusion (BaseVar y_Var) (ExpSort (VarExp A_Var)) (ApplyLabelConclusion sigma_elimination_Label (ConsInd (FunInd (ExpFun (TypedExp (BaseExp (VarExp u_Var)) (fiberExp (VarExp y_Var) (VarExp A_Var))))) 
BaseInd) (ExpProp (equalExp (VarExp u_Var) (VarExp y_Var))))) (PredProp contractible_Pred (FunInd (ExpFun (fiberExp (VarExp y_Var) (VarExp A_Var)))))
ConclusionParagraph (PropConclusion (PredProp equivalence_Pred (FunInd (ExpFun (TypedExp (BaseExp (identityMapExp (VarExp A_Var))) (mapExp (VarExp A_Var) (VarExp A_Var)))))))
QEDParagraph

https://github.com/GrammaticalFramework/gf-contrib/tree/master/homot
opy-typetheory

https://github.com/GrammaticalFramework/gf-contrib/tree/master/homotopy-typetheory
https://github.com/GrammaticalFramework/gf-contrib/tree/master/homotopy-typetheory


        word to word transfer

    syntactic transfer

 semantic interlingua

The Vauquois triangle (1968)



precision
             100%

               20%

                               100      1000                          1,000,000 concepts
                                                                                              coverage

semantic 
grammar

Graceful degradation

syntactic 
grammar

chunk 
grammar



http://cloud.grammaticalframework.org/wc.html

http://cloud.grammaticalframework.org/wc.html


The GF Offline Translator

https://itunes.apple.com/us/app/gf-offline-translato
r/id1023328422?mt=8

K. Angelov, B. Bringert & A. Ranta, 
Speech-enabled hybrid multilingual 
translation for mobile devices, 
EACL 2014.

https://itunes.apple.com/us/app/gf-offline-translator/id1023328422?mt=8
https://itunes.apple.com/us/app/gf-offline-translator/id1023328422?mt=8


Grammars vs. statistics



Meaning String  

generation

interpretation



Meaning String  

generation

interpretation

many to one



mkCl youSg run

mkCl youPl run “you run”  

generation

interpretation

many to one

“sinä juokset”
“te juoksette”



Meaning Source 
string   

certain, rule-based

uncertain: probabilistic



semantic interlingua

source target

almost certain

uncertain

highly uncertain

  chunk interlingua

syntactic interlingua

       
          certain



Take home



Grammars have a future

Enable language processing that is

- explainable
- controllable

Practically useful for precision tasks

Give insights to the similarities and differences of languages

Should be taken seriously as software, with

- powerful programming tools
- open-source libraries
- developer community



Grammars have a past

Dionysius Thrax, 170-80 BC

Panini, 6-4 century BC

Adolf Noreen, 1854-1925



Formalizing grammars and making them available for 
computer applications is a way to build systems that can 
constantly improve and last for centuries.



greetingPhrase 
              |
thanksGreeting

tack

kiitos

Danke

merci

gracias

  спасибо
    مرسی�        

谢谢


