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Five, perhaps three years hence, interlingual meaning 
conversion by electronic process in important functional 
areas of several languages may well be an 
accomplished fact.

IBM press release 1954
http://www-03.ibm.com/ibm/history/exhibits/701/701_translator.html
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MT Milestones

1940’s: cryptanalysis

1960’s: dictionaries, grammar rules

1990’s: SMT (Statistical Machine Translation)

- IBM 1989
- Google translate 2006

2010’s: NMT (Neural Machine Translation)

- Baidu 2015
- Google translate 2016



Consumers and producers
Consumers

- you and me, most of the time

Producers

- authorities
- companies
- love letter writers
- scammers



SMT

Collect statistics from parallel texts

Translate new texts by putting together pieces



This big car is yellow.         Denna stora bil är gul.

This house is clean.           Detta hus är rent.

This big house is yellow.    
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Data sparsity problem
We need hundreds of millions of words of text to cover

- word inflections
- word combinations

Swedish has

- ~ 106 word forms (+ unlimited compounds)
- ~ 1012 combinations of two words

Finnish has

- ~ 108 word forms (+ unlimited compounds)
- ~ 1016 combinations of two words



Word form coverage



Long distance



Reliability



Reliability



Reliability



MT evaluation: the BLEU score
Similarity between MT result and a reference.

original MT reference BLEU

Min mor är 
svensk.

My mother is 
Swedish.

My mother is 
Swedish.

1.0

Min mor är inte 
svensk.

My mother is not 
Swedish.

My mother is 
Swedish.

0.41



NMT

Neural network: a computational model of the brain

It can learn a translation function from parallel text

Improved performance with long distance



Wu & al, 2016



NMT with long distance

https://translate.google.com/ 13 March 2017
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Evaluation of NMT
BLEU scores (max 1.0)

Fluency (max 6.0)

SMT NMT

0.37 0.41

SMT NMT human

3.87 4.44 4.82

     English-French, from Wu & al, 2016



Consumers vs. producers
Consumer:

- foreign languages → my language
- get an idea 
- no-one is responsible for the translation

Producer

- my language →  foreign languages
- get the message through
- responsible for content and its translations



Can we ever reach producer quality
Bar-Hillel 1962: translation is AI complete

pen -> penna / lekhage

  The pen is in the box.      Pennan är i lådan.

  The box is in the pen.      Lådan är i lekhagen.



A recent real-life example
bestemor -> mormor

Should have been farmor !



The true method of translation?
SMT

- can’t be, and we know it

NMT

- can be, but we don’t know



The true method of translation?
SMT

- can’t be, and we know it

NMT

- can be, but we don’t know

GSM (Grammatical and Semantic Methods)

- can be, and we know what is happening



Grammars and semantics 
WordNet (Princeton)

FrameNet (Berkeley)

Universal Dependencies (Stanford, Google, Uppsala...)

Apertium (Alicante, Tromsø)

Grammatical Framework = GF (Xerox, Gothenburg)



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

http://www.grammaticalframework.org
http://www.grammaticalframework.org


Global community of 200+ members

Nieminen, Camilleri 2013-



32 languages: 
English Swedish German Dutch French Italian Spanish 
Catalan Bulgarian Russian Finnish Estonian Japanese Thai 
Chinese  Hindi Icelandic Norwegian Danish Afrikaans 
Romanian Polish Russian Latvian Mongolian Urdu Punjabi 
Sindhi Greek Maltese Nepali Persian

More in progress:
Latin Slovene Turkish Basque Hebrew Arabic Amharic 
Swahili ...



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

http://cloud.grammaticalframework.org/minibar/minibar.html
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GF Offline Translator
https://play.google.
com/store/apps/det
ails?id=org.gramm
aticalframework.ui.
android

https://itunes.apple.com
/us/app/gf-offline-transla
tor/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
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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
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               word to word

               syntax

 semantic interlingua

The Vauquois triangle (1968)



Interlingual translation

    Interlingua
    (meaning)

   Hindi

Chinese

Finnish

Swedish

English

Spanish

German

French

Bulgarian Italian





if he put into his dictionary a single symbol corresponding to 
aimer, amare, philein and each of the synonyms, a book written 
in such symbols could be translated by all who possessed the 
dictionary.

In a single day one can learn to name every one of the infinite 
series of numbers, and thus to write infinitely many different 
words in an unknown language. The same could be done for all 
the other words necessary to express all the other things which 
fall within the purview of the human mind.

Descartes, letter to Mersenne, 1629 



 Compilers: Java to JVM

00000100                                        
00000101
00000110
01101000
01100000

1 + 2 * 3



Task: from infix to postfix

00000100                                        
00000101
00000110
01101000
01100000

1 
+ 
2 
* 
3



Interlingua: abstract syntax

00000100                                        
00000101
00000110
01101000
01100000

1 + 2 * 3
Add

N1 Mul

N2 N3



A compiler grammar
interlingua
     Exp Add(Exp,Exp)

Java
→

JVM
→



English:   SVO                                        Latin:   SOV                                             Arabic: VSO



Compiling natural language

→

→

→



Grammars            Statistics

PhD in linguistics

5 years of work

BSc in computer science

5 weeks of waiting



Two ways out

1. Focus on producer tasks

2. Improve grammar engineering



precision
             100%
(BLEU)

               20%

                               100      1000                          1,000,000 concepts
                                                                                              coverage

producer tasks

consumer    
    tasks

Producer vs. consumer task



● Svängrumsytan utanför dörren lutar 1% i 
sidled.

● The turning space outside the gate tilts 
1% sideways.

● Kääntymätila oven ulkopuolella kallistuu 
1% sivusuunnassa.

● Der Schwenkbereich außerhalb der Tür 
neigt sich um 1% seitlich

UttSTD (PredUttTD (AdvNPTD (DetCNTD (DetQuant DefArt NumSg) (UseNTD svängrumsyta_NTD)) 
(PrepNPTD utanför_Prep (DetCNTD (DetQuant DefArt NumSg) (UseNTD dörr_NTD)))) (AdvVPTD 
(luta_VPTD (procentMeasure 1)) i_sidled_AdvTD))

                                                                                                                             http://www.t-d.se/sv/TD2/

http://www.t-d.se/sv/TD2/


您有五十个常旅客点符合会员条件，您现在是在伦敦



Moreno 2016
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Grammar engineering:
libraries for inflection



Pres Pos I love you je t’aime

Pres Neg I don’t love you je ne t’aime pas

Pres Quest Pos do I love you t’aime-je

Pres Quest Neg don’t I love you ne t’aime-je pas

Past Pos I loved you je t’aimais

Past Anter Pos I had loved you je t’avais aimée

Cond Anter Quest Neg wouldn’t I have loved you ne t’aurais-je pas aimée

... ... ...

Grammar engineering:
libraries for syntax



Grammar engineering: interlingua
Derive n2 translation functions from n functions







Quality evaluation
       precision
                95
                75
                50
                35
                25

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

GF 
semantic

  NMT  
  SMT

GF syntactic GF 
chunk



Inspectability



Inspectability



Cost estimates
First grammar on cloud IDE                   minutes

Commercial application grammar               days

Resource grammar                                 months

Wide coverage consumer grammar            days



Future trends of growth
Share with WordNet, Universal Dependencies, etc

Bootstrap with statistics and machine learning

- but keep control of quality

Optimize the use of human work - instead of eliminating it!



A hundred years perspective
We can build resources that will be useful 100 years from now

Just like dictionaries and grammars written 100 years ago



Open source, freely usable grammar software

32 languages

http://www.grammaticalframework.org/

Customized GF solutions for producers of 
information

http://www.digitalgrammars.com/

http://www.grammaticalframework.org/
http://www.grammaticalframework.org/
http://www.digitalgrammars.com/
http://www.digitalgrammars.com/

