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The problem:

reliable and efficient translation



Machine translation is sometimes 
good, sometimes bad - and you never 
know how it will be this time.









translate.google.com, 9 Dec 2015



Consumer translator:
-   browsing quality: to get an idea
-   reader is responsible
+ translate anything



Consumer translator:
-   browsing quality: to get an idea
-   reader is responsible
+ translate anything

Producer translator:
+  publication quality: to get everything right
+  publisher is responsible
-   translate my content
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A solution:
Data-Driven Documentation
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Data

object property value

door free width 121cm

walking area tilt sideways 0.5%

Documentation: Eng            Documentation: Swe

The free width of the door is 121cm.      Dörrens fria bredd är 121cm.      
The walking area tilts 0.5% sideways.   Gångytan lutar 0.5% i sidled.      

Documentation: Fin     Documentation: Spa
Oven vapaa leveys on 121cm.    El ancho libre de la puerta es de 121cm.
Kävelypinta kallistuu 0.5% siv…  La zona peatonal se inclina 0.5% de lado



Traditional documentation

data

Swe

Eng Fin Spa

technical writer

translator translator translator



Introducing machine translation
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To eliminate
data

Swe
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Data-Driven Documentation

Eng Fin Spa
computer computer

data
computer

Swe
computer



Advantages

Cheaper

Quicker

Better

More scalable



Cheaper

Initial cost: write the program

Later cost: mostly automatic
- post-editing at most 20% of human 

translation



Quicker

Translation in (almost) real time

The “almost” comes from
- new words
- post-editing need



Better

No accidental errors

Consistent terminology



More scalable

Adding new languages is easier:
- data is common to all languages

Initial effort in vocabulary
- no work with the texts themselves



How to get there

1. Extract data from texts

  the door is 121cm wide                    
                                                                     door, width, 121cm
  the width of the door is 121cm

2. Support input of new information as data



Translation = 
Data Extraction +
Data-Driven Documentation 

text
data extraction (parsing)



Technology:

     GF = Grammatical Framework



GF = Grammatical Framework

Xerox XRCE 1998, now open source

“Compiling natural language”

Library: 30 languages



Translation model: multi-source multi-target compiler



1 + 2 * 3                 iconst_1                    (+ 1 (* 2 3))
                               iconst_2                    
                               iconst_3
                               imul
                               iadd



Translation model: multi-source multi-target compiler-decompiler

Abstract Syntax

   Hindi

Chinese

Finnish

Swedish

English

Spanish

German

French

Bulgarian Italian



                 Have                                    Have

     You    One        New             You      Five       New

                                                      Message                                 Message

you have one new message    you have five new messages
你 有 一 个 新 信 息                  你 有 五 个 新 信 息



                 Have                                    Have

     She     One       Black             She     Five       Black

                                                         Cat                                          Cat

she has one black cat              she has five black cats                  
她 有 一 只 黑 猫                      她 有 五 只 黑 猫



Abstract and concrete syntax

Abstract syntax: semantic structure of data

Concrete syntax: language-specific details



Abstract and concrete syntax

Abstract syntax
fun Have : Person -> Number -> Item -> Sentence
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Abstract and concrete syntax

Abstract syntax
fun Have : Person -> Number -> Item -> Sentence

Concrete syntax, English
lin Have p n i = p ++ “have” ++ n ++ i

Concrete syntax, Chinese
lin Have p n i = p ++ “有” ++ n ++ i



Concrete syntax with parameters
Concrete syntax, English
lincat Number  = {s : Str ; n : Num}
lincat Item    = Num => Str
lincat Person  = {s : Str ; a : Agr}
lin Have p n i = p.s ++ have!p.a ++ n.s ++ i!n.n

Concrete syntax, Chinese
lincat Item    = {s : Str ; c : Str}
lin Have p n i = p ++ “有” ++ n ++ i.c ++ i.s



German inflection and word order
lin Have p n i = 
  let 
    subj = p.s ! Nom ;
    obj  = n.s ! i.g ! Acc ++ i.s ! n.n ! Acc ;
    verb = case p.a of {
      Ag Sg P1 => “habe” ;
      Ag Sg P2 => “hast” ;
      Ag Sg P3 => “hat” ;
      Ag Pl P2 => “habt” ;
      _ => “haben”
      } 
   in 
     case Ord of {
       Main => subj ++ verb ++ obj ;
       Sub  => subj ++ obj  ++ verb ;
       Inv  => obj  ++ subj ++ verb
       }



RGL = Resource Grammar Library
The standard library of GF

Takes care of linguistic details:
● morphology 
● syntax

Makes GF productive and feasible



            Norwegian   Danish    Afrikaans

Romanian                               

 Polish                                

Russian

 Latvian Mongolian    Urdu Punjabi Sindhi

  Greek           Maltese      Nepali Persian

   Latin  Turkish      Hebrew  Arabic  Amharic    Swahili

English Swedish German Dutch

French Italian Spanish Catalan

Bulgarian   Finnish Estonian

Japanese Thai Chinese  Hindi



The English rules with RGL
lin
 Have p n i = mkCl p have_V2 (mkNP n i) 
 Message = mkN “message”



The Chinese rules with RGL
lin
 Have p n i = mkCl p have_V2 (mkNP n i) 
 Message = mkN “信 息”



The German rules with RGL
lin
 Have p n i = mkCl p have_V2 (mkNP n i) 
 Message = mkN “Nachricht” “Nachrichten” Fem



Anything that can be represented as an 
abstract syntax in GF!
- relational data
- Semantic Web data (OWL, RDF)
- algebraic datatypes
- logical formulas
- dependent types and lambda calculus
- Constructive Type Theory

What is data?



Some applications
Mathematical teaching material (WebALT)
Tourist phrasebook (MOLTO)
Formal specifications (Galois)
Patent query language (Ontotext)
Museum query language and texts (Ontotext)
Business models (Be Informed)
Medical examination journals (Lingsoft)
Speech commands in cars (Talkamatic)
Accessibilty database (Digital Grammars/TD)



2010-2013: MOLTO

FP7-ICT-247914



next_membership_level_sys_answer silver (next_membership_points_sys_answer integer0_99_50)
test_mockup_travelChi: 您有五十个常旅客点符合会员条件，您现在是在伦敦.
test_mockup_travelDut: je hebt vijftig punten nodig om het zilveren niveau te bereiken
test_mockup_travelEng: you need fifty points to reach silver level
test_mockup_travelFin: sinä tarvitset viisikymmentä pistettä päästäksesi hopeatasolle
test_mockup_travelFre: tu as besoin de cinquante points pour atteindre le niveau argent
test_mockup_travelGer: Sie brauchen fünfzig Punkte um das Silberniveau zu erreichen
test_mockup_travelIta: avete bisogno di cinquanta punti per raggiungere il livello argento
test_mockup_travelSpa: necesitas cincuenta puntos para llegar al nivel plata



TitleParagraph DefinitionTitle
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 
x_Var (VarExp A_Var) (equalExp (AppExp f_Var (VarExp x_Var)) (VarExp y_Var))))))))
DefPropParagraph (ExpProp (equivalenceExp (VarExp A_Var) (VarExp B_Var))) (ExistSortProp (equivalenceSort (mapExp (VarExp A_Var) (VarExp B_Var))))
FormatParagraph EmptyLineFormat
TitleParagraph LemmaTitle
TheoremParagraph (ForAllProp (BaseVar A_Var) type_Sort (PredProp equivalence_Pred (AliasInd (FunInd identity_map_Fun) (FunInd (ExpFun (DefExp (identityMapExp (VarExp A_Var)) (TypedExp (BaseExp (lambdaExp x_Var (VarExp A_Var) (VarExp 
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/homotopy-typetheory

https://github.com/GrammaticalFramework/gf-contrib/tree/master/homotopy-typetheory
https://github.com/GrammaticalFramework/gf-contrib/tree/master/homotopy-typetheory
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GF grammar building effort

abstract syntax: weeks 

L1: weeks

L2: days
L3: 
days

Lk: 
days

Lk: 
days

Lk: 
days

Lk: 
days

Lk: 
days



Price of translation, 1 target language

yuan

words

manual translation, price 1 yuan/word



Break-even point, 1 target language

yuan

words

manual translation

GF translation

N

N



Break-even point, 2 target languages

yuan

words

manual translation

GF translation

NN/2+d/2

N+d

    N



Break-even point, k target languages

yuan

words

manual translation

GF translation

N/k+d-d/k

N+(k-1)d







Data-Driven Question Answering



I want to go from 
Pudong Airport to 
Hongqiao Station.
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I want to go from 
Pudong Airport to 
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



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



Scaling up
                            approaching wide-coverage translation



          word to word transfer

        syntactic transfer

semantic interlingua

The Vauquois triangle



s

tourist
phrases

public
transport mathematics

Layered translation

syntactic structures

chunks



How far is the airport from the hotel?

从 旅 馆 到 机 场 有 多 远?                  meaning

The vice dean kicked the bucket.

副 院 长 踢 了 桶.                                    syntax

Little boy eat big snake.

小 男 孩 吃 大 蛇.                                   chunks



Graceful degradation
       precision
             100%

               20%

                              100           1000                  1,000,000 concepts
                                                                                          coverage



Where we are now
       precision
                95
                75
                50
                35
                25

       H-BLEU
                               100      1000                          1,000,000 concepts
                                                                                              coverage

GF 
semantic

   SMT
GF syntactic GF 

chunk



Some English-Chinese scores
            BLEU
                95
                75                        
                50                          50

                35                                                                        36google

                25                                                              21

                

       H-BLEU
                            Phrasebook                                free text

 GF
goo
gle

 84

GF
Mos
es
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GF vs. Statistical Translation

+ grammatical correctness
+ feedback: trees, colours
+  less dependent on language data
+  compact size of multilingual systems
-   non-compositional idioms
-   contextual disambiguation
                   - cases for hybrid methods



Size of mobile app
For 15 languages, 210 language pairs
● 16 modules, 40 MB in total
● Google translate offline: 210 modules, 150 MB each
● Baidu translate offline: 30 MB each



Resources





CSLI, Stanford, 2011 Shanghai Jiao Tong University press, 2014



GF languages and contributors



GF Offline Translator
https://play.google.
com/store/apps/det
ails?id=org.
grammaticalframe
work.ui.android

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

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

https://play.google.com/store/apps/details?id=org.grammaticalframework.ui.android
https://play.google.com/store/apps/details?id=org.grammaticalframework.ui.android
https://play.google.com/store/apps/details?id=org.grammaticalframework.ui.android
https://play.google.com/store/apps/details?id=org.grammaticalframework.ui.android
https://play.google.com/store/apps/details?id=org.grammaticalframework.ui.android
https://play.google.com/store/apps/details?id=org.grammaticalframework.ui.android
https://itunes.apple.com/us/app/gf-offline-translator/id1023328422?mt=8
https://itunes.apple.com/us/app/gf-offline-translator/id1023328422?mt=8
https://itunes.apple.com/us/app/gf-offline-translator/id1023328422?mt=8
https://itunes.apple.com/us/app/gf-offline-translator/id1023328422?mt=8
https://itunes.apple.com/us/app/gf-offline-translator/id1023328422?mt=8


GF Cloud Translator



    PGF   
   binaryPGF runtime

system

      custom user interface

generic
user interface

PGF runtime
system

  generic
 grammar

  app

White: free, open-source (BSD)  Green: can be sold



Take home points

Data-Driven Documentation
- abstract syntax as data representation
- translation interlingua
- multilingual question answering
GF = Grammatical Framework
- 30 languages
- scalable with confidence levels
- open source + commercial applications




