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iInput output
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Today : ‘Task

- « Why did you do that?
Machine Decision or * Why not something else?
Training : Learned Recommendation « When do you succeed?
| Leamning : - When do you fail?
Data Function e
Process « Whencan | trust you?
» How do | correct an error?
User
XAl ' ‘Task
. + 1 understand why
New * | understand why not
Training | Machine | | Explainable | Explanation « | know when you succeed
Data Learning Model Interface * | know when you fail
Prmess * | know when to trust you
* | know why you erred
User

http://www.darpa.mil/program/explainable-artificial-intelligence
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The Problem

Program for f

= A user feeds x to the program, the program returns y.

= How can the user be sure that, indeed,

yi=f{e)t

The user has no way to know.

Kurt Mehlhorn, Certifying Algorithms
https://people.mpi-inf.mpg.de/~mehlhorn/ftp/SAPJuly2014.pdf



https://people.mpi-inf.mpg.de/~mehlhorn/ftp/SAPJuly2014.pdf

A Certifying Program for a Function f

accept (x, y, w)

Certifying
program for f

A

| Checker C

-

reject

= On input x, a certifying program returns
the function value y and a certificate (witness) w

" wproves y = f(x) even to a dummy,

® and there is a simple program C, the checker, that verifies the
validity of the proof.

Kurt Mehlhorn, Certifying Algorithms
https://people.mpi-inf.mpg.de/~mehlhorn/ftp/SAPJuly2014.pdf



https://people.mpi-inf.mpg.de/~mehlhorn/ftp/SAPJuly2014.pdf

Levels of evidence

formal

total proof of program



Levels of evidence

formal

total proof of program

individual certificate of instance



Levels of evidence

formal informal
total proof of program correctness by
construction

individual certificate of instance



Levels of evidence

formal informal
total proof of program correctness by
construction

individual | certificate of instance explanation of instance



Evidence for SMT

SMT = Statistical Machine Translation
- glue together segments from aligned texts

Informal evidence: phrase alignments



Swedish English German Detect language -~ "., English Swedish German -~ m

X

This big house is yellow. Denna stora hus ar gul.

https://translate.qgoogle.com/ 13 mars 2017



https://translate.google.com/

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

This house'is clean. Detta hus é@r rent.

This big house is yellow. Denna stora hus ar gul.



Evidence for NMT

NMT = Neural Machine Translation

- end-to-end string conversion via a neural network

Individual explanations: word vector “interlingua”



Swedish Finnish Chinese Detect language ~ "'..
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Extreme darskap
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-0.0590021,
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0.0038306,

-0.01232632,
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0.02358891,
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-0.038199,

-0.00977732,
0.08146569,
0.09776281,
0.05980725,
0.06974371,
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0.01963083,
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https://gab41.lab41.org/can-word-vectors-help-predict-whether-your-chinese-tweet-gets-censored-711e7682d12f
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English Swedish Finnish Detect language ~ .  English Chinese (Simplified) Swedish ~ I

X

This big house is yellow. Detta stora hus ar gult.

https://translate.google.com/ 5 May 2017
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English Swedish French Detectlanguage ~ “ m

* BHEXEER!
R B35 2 B

Min mor ar inte svensk.
Min mor ar svensk.

Al AU

https://translate.google.com/ 5 May 2017
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English Swedish French Detect language -~

Min mor ar inte svensk.
Min mor ar svensk.

Rll| Torsie
* BHEXEEMHEN.
SAIORS SN

Al AU

Possible evidence: translation to some language you know

https://translate.google.com/ 5 May 2017
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English Swedish French Detectlanguage -~ < m
* FRRYE
X HIB

Min mor ar inte svensk.
Min mor ar svensk.

Al AU

Ht At

Pl

\nn \In-

VIS v ==

Possible evidence: translation to some language you know

Swedish English Finnish Detect language ~ ".. English Danish Norwegian ~ m
Min mor ar inte svensk. * My mother is not Swedish.
Min mor ar svensk. My mother is Swedish.

https://translate.google.com/ 5 May 2017
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English Swedish French Detectlanguage -~ - m
& &B@ ~ /%ZEE%E ig(]o
P L J
X B3R B I RY

Min mor ar inte svensk.
Min mor ar svensk.

Al AU

Possible evidence: translation to some language you know

English Swedish French Detect language -~ ".; German English Norwegian ~ |

Min mor ar inte svensk. * Min mor er svensk.
Min mor ar svensk. Min mor er svensk.

https://translate.google.com/ 5 May 2017



https://translate.google.com/

From SMT to NMT

BLEU (max 1.0)

0.37 0.41

Fluency (max 6.0)

3.87 4.44 4.82

Wu & al, Bridging the Gap Between Machine and Human Translation, 2016



From SMT to NMT

+ Improved average scores
+ increased fluency

- harder to predict
- harder to explain



centipede peacock jackfruit bubble

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



English Swedish Finnish Detect language ~ ".; English Chinese (Simplified) Swedish ~ m

ia X |A

ia ia | am

ia iaia No

iaiaiaia | do not sleep

iaiaiaiaia | do not know

iaigiaiaiaia | do not know

idaidiaiaiaiaiaiaiaiaiaia Already a son, do not enter the age of your
child

https://translate.google.com/ 5 maj 2017



https://translate.google.com/

XMT: our proposal

- Explainable Machine Translation



What to verify in translation

1. The output is a valid expression of the target language

2. The output has the same meaning as the input



The Vauquois triangle answer

semantic interlingua

semantic

interpretation .
syntactic form

generation

syntactic
parsing

lexical
lexical surface
analysis generation

source target



GF = Grammatical Framework

LF = Logical Framework = framework for defining logics

GF = LF + linearization = framework for defining grammars

interlingua = abstract syntax = type theoretical logic

abstract syntax

linearization

>

>

English

Finnish

AR, Grammatical Framework, CSLI, 2011



French

Hindi

Interlingua

Catalan

Thai






The Vauquois triangle answer

semantic interlingua

semantic
interpretation

syntactic form
generation

syntactic
parsing

: lexical
lexical surface
analysis generation

source target



Parsing in GF

Reverse of linearization

abstract syntax

linearization ——

—>

<
-
<

>
>

parsing

English

Finnish



#5:1: 8] item, where n is the length of the text, S is
the start category and S’ is the newly created category.

The parser is incremental because all active items
span up to position & and the only way to move to the
next position is the Scan rule where a new symbol from
the input is consumed.

5.2 Soundness
The parsing system is sound if every derivable item rep-
resents a valid grammatical statement under the inter-
pretation given to every type of item.

The derivation in INITIAL PREDICT and PREDICT is
sound because the item is derived from existing pro-
duction and the string before the dot is empty so:

Koe=c¢
The rationale for SCAN is that if
Koa=w_1...uy
and s = w41 then

Ko(as)=wj_1...wrs

5.3 Completeness
The parsing system is complete if it derives an item
for every valid grammatical statement. In our case we
have to prove that for every possible parse tree the cor-
responding items will be derived.

The proof for completeness requires the following
lemma:

Lemma 1 For every possible syntax tree

(fti...tan): A

with linearization

L(fty...t50) = (z1,T2...T404))

where x) = w1 .. .wy, the system will derive an item
[fA:I:A'} if the item [§4 — f[B]:l : eay| was pre-
dicted before that. We assume that the function defini-
tion is:

f = (nl, (a7, e “'I‘l’.”)

The proof is by induction on the depth of the tree.

P s P

K. Angelov, Incremental Parsing with Parallel Multiple

Context-Free Grammars, EACL 2009




The Vauquois triangle answer, variant 1

semantic interlingua

semantic
interpretation

syntactic form

generation

lexical
surface
generation

source target

syntactic
parsing

lexical
analysis




Problems with variant 1

Ambiguity
Linearization is many-to-1

— Parsing is 1-to-many

Incompleteness

The grammar doesn’t cover all input



The Vauquois triangle answer, variant 2

semantic interlingua

semantic
interpretation

syntactic form

generation

lexical
surface
generation

source target

?

syntactic
parsing

lexical
analysis




The Vauquois triangle answer, variant 2

semantic interlingua

semantic
interpretation

syntactic form

generation

lexical
surface
generation

source target

syntactic
parsing

lexical
analysis




The Vauquois triangle answer, variant 2

semantic interlingua

semantic
interpretation

syntactic form

generation

lexical
surface
generation

source target

uncertain :
syntactic

parsing

lexical
analysis




The Vauquois triangle answer, variant 2

semantic interlingua

semantic
interpretation

uncertain

syntactic form

generation

lexical
surface
generation

source target

syntactic
parsing

lexical
analysis




source target




XMT

source inear- target +

zation

explanation
(semantic
interlingua)




XMT

source near- target +
explanation
(semantic
interlingua)

Checker C = back-linearization /




( Back the machine doesn't work on the floor

maskinen fungerar inte pa golvet

maskinen arbetar inte pa golvet

maskinen ordnar inte om golvet



( Back the machine doesn't work on the floor

maskinen fungerar inte pa golvet

PhrUtt NoPConj (UttS (UseCl (TTAnt TPres ASimul) PNeg (PredVP (DetCN (DetQuant DefArt NumSg)
(UseN machine_N)) (AdvVP (UseV work_2_V) (PrepNP on_Prep (DetCN (DetQuant DefArt NumSg) (UseN
floor_N))))))) NoVoc

maskinen arbetar inte pa golvet

PhrUtt NoPConj (UttS (UseCl (TTAnt TPres ASimul) PNeg (PredVP (DetCN (DetQuant DefArt NumSg)
(UseN machine_N)) (AdvVP (UseV work_1_V) (PrepNP on_Prep (DetCN (DetQuant DefArt NumSg) (UseN
floor_N))))))) NoVoc

maskinen ordnar inte om golvet

PhrUtt NoPConj (UttS (PredVPS (DetCN (DetQuant DefArt NumSg) (UseN machine_N)) (MkVPS (TTAnt
TPres ASimul) PNeg (ComplV2 work_on_V2 (DetCN (DetQuant DefArt NumSg) (UseN floor_N)))))) NoVoc

https://itunes.apple.com/us/app/af-offline-translator/id10233284227?mt=8


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

( Back the machine doesn't work on the floor

maskinen fungerar inte pa golvet

PhrUtt NoPConj (UttS (UseCl (TTAnt TPres ASimul) PNeg (PredVP (DetCN (DetQuant DefArt NumSg)
(UseN machine_N)) (AdvVP (UseV work_2_V) (PrepNP on_Prep (DetCN (DetQuant DefArt NumSg) (UseN

floor_N))))))) NoVoc » S: (v) function, work, operate, go, run (perform as expected when applied)

"The washing machine won't go unless it's plugged in"; "Does this old car
still run well?": "This nld radin dnesn't waork anvmore"”

maskinen arbetar inte pa golvet
PhrUtt NoPConj (UttS (UseCl (TTAnt TPres ASimul) PNeg (PredVP (DetCN (DetQuant DefArt NumSg)
(UseN machine_N)) (AdvVP (UseV work_1_V) (PrepNP on_Prep (DetCN (DetQuant DefArt NumSg) (UseN
floor_N))))))) NoVoc TR

» S: (v) work (exert oneself by doing mental or physical work for a purpose or
out of necessity) "/ will work hard to improve my grades"; "she worked hard
for better living conditions for the poor"

maskinen ordnar inte om golvet

PhrUtt NoPConj (UttS (PredVPS (
TPres ASimul) PNeg (ComplV2 wo

http://wordnetweb.princeton.edu/

» S: (v) influence, act upon, work (have and exert influence or effect) “The
artist's work influenced the young painter”; "She worked on her friends to
support the political candidate"



http://wordnetweb.princeton.edu/

XMT

source Moo [ " target +
explanation
(semantic
interlingua)

Checker C = back-linearization /




UD = Universal Dependencies

Dependency tree: labelled arcs between words
Universal: same labels in different languages

Parsing: machine-learned from treebanks

training

treebanks

English Finnish .

UD trees

parsers



advcl

ROOT

mark dobj

N VN

SCONJ DET NOUN VERB DET NOUN

if a man owns a

ns} dobj
¢ WY

PRON VERB PRON

donkey it beats he




ROOT
advcl
mark dobj
f det nsub m nsubj dobj
¢ 2 27
SCONJ DET NOUN VERB DET NOUN PRON VERB PRON
if a man owns a  donkey it beats he
ROOT
advmod
ATk dobj nsubj
sk baub) /—1\
¢\ 2 .
S.CONJ DET NOUN VERB DET NOUN PRON PRON VERB

si un hommepossede un ane il le bat




Languages in UD and GF

Basque

Belarusian Buryat
Coptic Croatian
Czech Galician
Hungarian
Indonesian Irish
Kazakh Korean
Kurmanji Lithuanian
NorthSami
OldChurchSlavonic
Portuguese Sanskrit
Slovak Tamil
Ukranian
UpperSorbian Uyghur
Viethamese

http://universaldependencies.org/

http.//www.grammaticalframework.org/lib/doc/status. html



http://www.grammaticalframework.org/lib/doc/status.html
http://universaldependencies.org/

abstract syntax

PredVP : NP
Complv2 : V2
AdvVP : VP
DetCN : Det
ModCN : AP
UseN : N

UsePron : Pron -> NP

PositA : A

-> Adv ->

Cl

VP

VP

NP

CN



abstract syntax

PredVP : NP

Complv2 : V2
AdvVP : VP
DetCN : Det
ModCN : AP
UseN : N

UsePron : Pron -> NP

PositA : A

-> Adv ->

Cl

VP

VP

NP

CN

the black cat sees us today

PredVP

/ N\

DetCN AdvVP

# | AN

the_Det ModCN ComplV2 today_Adv

O N

PositA UseN see_V2 UsePron

| I

black_A cat_N we_Pron




abstract syntax

PredVP : NP

Complv2 : V2
AdvVP : VP
DetCN : Det
ModCN : AP
UseN : N
UsePron :
PositA : A

-> Adv ->

Pron -> NP

Cl

VP

VP

NP

CN

dependency configuration
nsubj head
head dobj
head advmod
det head
amod  head
head

the_Det

head
PositA

Kolachina & Ranta, From Abstract Syntax to ,

Universal Dependencies, LiLT 2016.

black_A

PredVP

/ N\

DetCN

# |

ModCN

a

UseN

cat_ N

AdvVP

ComplV2

AN

today_Adv

IR

see_V2

UsePron

we_Pron



abstract syntax

PredVP : NP -> VP ->
Complv2 : v2 -> NP ->
AdvVP : VP -> Adv ->
DetCN : Det -> CN ->
ModCN : AP ->CN ->
UseN : N -> CN
UsePron Pron -> NP
PositA : A -> AP

Cl

VP

VP

NP

CN

dependency configuration

nsubj head
head dobj
PredVP
head advmod / \
det head
DetCN
amod head ///// |
head
the_Det ModCN
head / \
head
PositA UseN

|

black_A cat_N

ComplV2

IR

see_V2

today_Adv



abstract syntax

PredVP : NP

Complv2 : V2
AdvVP : VP
DetCN : Det
ModCN : AP
UseN : N
UsePron
PositA : A

-> Adv ->

Pron -> NP

Cl

VP

VP

NP

CN

dependency configuration

nsubj
head
head
det
amod
head
head

head

head
dobj
advmod
head

head

PredVP

nsubj

/ N\

DetCN AdvVP

|

the_Det ModCN

/|

PositA UseN see_V2

|

black_A cat_N

AN

ComplV2 today_Adv

IR

UsePron

we_Pron



abstract syntax

PredVP : NP -> VP ->
Complv2 : v2 -> NP ->
AdvVP : VP -> Adv ->
DetCN : Det -> CN ->
ModCN : AP ->CN ->
UseN : N -> CN
UsePron Pron -> NP
PositA : A -> AP

Cl

VP

VP

NP

CN

dependency configuration

nsubj head
head dobj
PredVP
head advmod
nsubj /// \\\
det head
DetCN AdvVP

amod head de{///// I \\\\\\
head

the_Det ModCN ComplV2 today_Adv
head

AN
head

PositA UseN see_V2 UsePron
black_A cat_N we_Pron



abstract syntax

PredVP : NP -> VP ->
Complv2 : v2 -> NP ->
AdvVP : VP -> Adv ->
DetCN : Det -> CN ->
ModCN : AP ->CN ->
UseN : N -> CN
UsePron Pron -> NP
PositA : A -> AP

Cl

VP

VP

NP

CN

dependency configuration

nsubj head
head dobj
PredVP
head advmod
nsubj /// \\\
det head
DetCN AdvVP
amod head det / |
head
the_Det ModCN ComplV2 today_Adv
head
amod /// \ ’ \\\\\
head d
PositA UseN see_V2 UsePron
black_A cat_N we_Pron



abstract syntax

PredVP : NP -> VP ->
Complv2 : v2 -> NP ->
AdvVP : VP -> Adv ->
DetCN : Det -> CN ->
ModCN : AP ->CN ->
UseN : N -> CN
UsePron Pron -> NP
PositA : A -> AP

Cl

VP

VP

NP

CN

dependency configuration

nsubj head
head dobj
PredVP
head advmod
nsubj /// \\\
det head
DetCN AdvVP
amod  head det///// | \\\\jfvad
head
the_Det ModCN ComplV2 today_Adv
head
amod / \ ’
head d
PositA UseN see_V2 UsePron
black_A cat_N we_Pron



PredVP

nsubj / \
DetCN AdvVP

det / Y’V"‘Od
the_Det ModCN ComplV2 today_Adv
amod / ‘ \dObj

7
PositA UseN see_V2 UsePron
black_A cat_N we_Pron



PredVP

nsubj / \

elCN AdvVP
det/
¥

Yjvmod

the_Det ModCN ComplV2 today_Adv
amod / ‘ \jObj
7
PositA UsdN see_V2 UsePron

o |

black_A cat_N we_Pron




PredVP

nsubj / \
elCN AdvVP

det | advmod
¥

the_Det ModCN ComplV2 today_Adv

=7\ |\

PpsitA WsdN see_V2 UsePron

o |

black_A cat_N we_Pron




PredVP

nsubj \
elCN AdvVP
det /
¥

Vﬂvmod

the_Det ModCN omplV2 today_Adv
am09/ / ‘ I \jObj
—~
PbsitA Usd PTI see V2 UsePron

o |

black_A cat_N

we_Pron



PredVP

nsubj

det /]
¥

the Det Mod

mplV2 today_Adv
am09/ / \

\jobj
Z v

PbsitA Use ITI see_V2 UsePron

o |

black_A cat_N we_Pron

dvVP

wvmod




PredVP

nsubj

det /]
¥

the Det Mod

mplV2 today_Adv
am09/ / \

\jobj
J

PbsitA Use ITI see_V2 sePron

o 1

black_A cat_N we_Pron

dvVP

Yjvmod




PredVP

nsubj

det /]
¥

the Det Mod

mpiV?2 today_Adv
am09/ / \

\jobj
J

PbsitA Use ITI see_V2 sePron

o 1

black_A cat_N we_Pron

dvVP

Yjvmod




nsubj

det //\ advmod
4
the_Det today_Adv
amo9/ dobj
v
see V2
black_A

cat N we_Pron



nsubj

det //\ advmod
ROOT )2
det advmod the_Det today Adv
amod nsubj
CENCNEN e
\’
the black cat sees us today see /2
\

black_A cat N we_Pron



abstract syntax category configuration
Det DET
A ADJ
N NOUN
V2 VERB
Pron PRON
Adv ADV nsubj
det//\ advmod
ROOT y 4
det advmod the_Det today_Adv
amod nsubj
CENCNEN a2
v
the black cat sees wus today see V2
Y
black A

cat N we_Pron



abstract syntax category configuration
Det DET
A ADJ
N NOUN
V2 VERB
Pron PRON
Adv ADV nsubj
det//\ advmod
ROOT )4
det advmod the Det today Adv

amod nsubj obj

—s Y/—\ m am09/ dobj
DET ADJ NOUN VERB PRON ADV \
the black cat sees us today see V2

Y

black_A cat N we_Pron



the_Det

dii////
ModCN

~/ |

PredVP

DetCN

"/ N\

AdvVP
\advmod
ComplV2 today_Adyv

see_V2

\obj

UsePron

we_Pron

PositA UseN
black_A cat_ N
ROOT
det advmod
obj

ﬂ nsubj

DET ADJ NOUN VERB PRON ADV

the black cat sees us today

ROOT

d% advmod

PRON VERB ADV

nsubj

DET NOUN ADJ
le

chat noir nous voit aujourd’hui




Example pipeline 1

English

UD parser

UD tree

ud2gf

GF tree

GF linearizer

French




if a man owns a donkey it beats he



ROOT
advcl
mark dobj
f det nsub m nsubj dobj
22 2 ¢ WO Y
SCONJ DET NOUN VERB DET NOUN PRON VERB PRON

if a man owns a  donkey it beats he



PARSER OUTPUT IN CONLL FORMAT:

1 if if SCONJ SCONJ _ 4 mark _ _

2 a a DET DET Definite=Ind|PronType=Art 3 det _ _

3 man man NOUN NOUN Number=Sing 4 nsubj _ _

4 owns own VERB VERB Mood=Ind|Number=Sing|Person=3|Tense=Pres|VerbForm=Fin 8 advcl _
5 a a DET DET Definite=Ind|PronType=Art 6 det _

6 donkey donkey NOUN NOUN Number=Sing 4 dobj _ _

7 it it PRON PRON Case=Nom|Gender=Neut|Number=Sing|Person=3|PronType=Prs 8 nsubj _
8 beats beat VERB VERB Mood=Ind|Number=Sing|Person=3|Tense=Pres|VerbForm=Fin © root

9 he he PRON PRON Case=Nom|Gender=Masc|Number=Sing|Person=3|PronType=Prs 8 dobj



STRUCTURED TREE:

root beat VERB Mood=Ind|Number=Sing|Person=3|Tense=Pres|VerbForm=Fin 8
advcl own VERB Mood=Ind|Number=Sing|Person=3|Tense=Pres|VerbForm=Fin 4
mark if SCONJ 1
nsubj man NOUN Number=Sing 3
det a DET Definite=Ind|PronType=Art 2
dobj donkey NOUN Number=Sing 6
det a DET Definite=Ind|PronType=Art 5
nsubj it PRON Case=Nom|Gender=Neut|Number=Sing|Person=3|PronType=Prs 7
dobj he PRON Case=Nom|Gender=Masc|Number=Sing|Person=3|PronType=Prs 9

Ranta & Kolachina, From Universal Dependencies
to Abstract Syntax, UD Workshop, 2017.



LEXICALLY ANNOTATED TREE:

root VERB beat V2 : V2 [beat V : V] {} (8) 8
advcl VERB own_V2 : V2 [] {} (4) 4
mark SCONJ if Subj : Subj [] {} (1) 1
nsubj NOUN man_ N : N [] {} (3) 3
det DET IndefArt : Quant [] {} (2) 2
dobj NOUN donkey N : N [] {} (6) 6
det DET IndefArt : Quant [] {} (5) 5
nsubj PRON "it" : Cleft_ [it_Pron : Pron] {} (7) 7
dobj PRON he Pron : Pron [] {} (9) 9

GF lexicon:

fun beat V2 : V2
lin beat V2 =
mkV2 IrregEng.beat V

fun own_V2 : V2
lin own V2 = mkV2 “own”

fun man_N : N

lin man_N = mkN “man” “men”
fun donkey N : N

lin donkey N = mkN “donkey”

fun he_Pron : Pron

fun it_Pron : Pron

fun Cleft_ : NP -> RS -> Cl
fun IndefArt : Quant

fun if_Subj : Subj




A part of GF Resource Grammar Abstract Syntax:

fun
PredVP : NP -> VP -> C1
Complv2 : V2 -> NP -> VP
DetCN : Det -> CN -> NP
DetQuant : Quant -> Num -> Det
AdvS : Adv -> S -> S
SubjsS : Subj -> S -> Adv
UseCl : Temp -> Pol -> C1 -> S
UsePron : Pron -> NP

UseN : N ->CN




Dependency configurations for abstract syntax:

fun
PredVP
Complv2
DetCN

DetQuant :

AdvS
Subjs
UseCl
UsePron
UseN

: NP
V2

: N

-> S

-> VP -> Cl
-> NP -> VP
: Det -> CN -> NP
Quant -> Num -> Det
: Adv -> S -> S
: Subj -> S -> Adv
: Temp -> Pol -> Cl
: Pron -> NP
-> CN

nsubj head

head dobj

det head

head [nummod]
advcl head

mark head

[aux] [neg] head
head

head




Dependency configurations for abstract syntax:

fun
PredVP : NP -> VP -> C1
Complv2 : V2 -> NP -> VP
DetCN : Det -> CN
DetQuant : Quant -> Num -> Det
AdvS : Adv -> S -> S
SubjsS : Subj -> S -> Adv
UseCl
UsePron : Pron -> NP
UseN : N ->CN

Helper functions:

DetQuantSg
UseClPresPos_ :

Cl

: Quant -> Det

-> S

-> NP

: Temp -> Pol -> C1 -> S --

\q ->
\cl ->

nsubj head

head dobj

det head

head [nummod]
advcl head

mark head

[aux] [neg] head
head

head

DetQuant g NumSg
UseCl Pres Pos cl




TRAVERSING THE TREE:

root VERB beat_V2
advcl VERB own V2 :
mark SCONJ if Subj : Subj 1
nsubj NOUN man_N : N 3
det DET IndefArt : Quant 2 (DetQuantSg_2)
dobj NOUN donkey N : N 6
det DET IndefArt : Quant 5
nsubj PRON "it" : Cleft_[it Pron : Pron] 7 (UsePron 7)
dobj PRON he_Pron : Pron 9 (UsePron 9)

: V2 [beat_V : V] 8
V2 4 (ComplV2 4 6)

PredVP : NP -> VP -> C1 --
Complv2 : V2 -> NP -> VP --
DetCN : Det -> CN -> NP --
AdvS : Adv -> S -> S --
Subjs : Subj -> S -> Adv --
UsePron : Pron -> NP

UseN : N ->CN
DetQuantSg_ : Quant -> Det
UseClPrPos  : Cl1 -> S

nsubj head
head dobj
det head
advcl head
mark head




TRAVERSING THE TREE:

root VERB beat_V2
advcl VERB own V2 :
mark SCONJ if Subj : Subj 1
nsubj NOUN man_N : N 3
det DET IndefArt : Quant 2 (DetQuantSg_2)
dobj NOUN donkey N : N 6
det DET IndefArt : Quant 5
nsubj PRON "it" : Cleft_[it Pron : Pron] 7 (UsePron 7)
dobj PRON he_Pron : Pron 9 (UsePron 9)

: V2 [beat_V : V] 8
V2 4 (ComplV2 4 6)

PredVP : NP -> VP -> C1 --
Complv2 : V2 -> NP -> VP --
DetCN : Det -> CN -> NP --
AdvS : Adv -> S -> S --
Subjs : Subj -> S -> Adv --
UsePron : Pron -> NP

UseN : N ->CN
DetQuantSg_ : Quant -> Det
UseClPrPos  : Cl1 -> S

nsubj head
head dobj
det head
advcl head
mark head




TRAVERSING THE TREE:

root VERB beat_V2
advcl VERB own V2 :
mark SCONJ if Subj : Subj 1
nsubj NOUN man_ N : N 3 (UseN 3)
det DET IndefArt : Quant 2 (DetQuantSg_2)
dobj NOUN donkey N : N 6
det DET IndefArt : Quant 5
nsubj PRON "it" : Cleft_[it Pron : Pron] 7 (UsePron 7)
dobj PRON he_Pron : Pron 9 (UsePron 9)

: V2 [beat_V : V] 8
V2 4 (ComplV2 4 6)

PredVP : NP -> VP -> C1 --
Complv2 : V2 -> NP -> VP --
DetCN : Det -> CN -> NP --
AdvS : Adv -> S -> S --
Subjs : Subj -> S -> Adv --
UsePron : Pron -> NP

UseN : N ->CN
DetQuantSg_ : Quant -> Det
UseClPrPos  : Cl1 -> S

nsubj head
head dobj
det head
advcl head
mark head




TRAVERSING THE TREE:

root VERB beat_V2
advcl VERB own V2 :
mark SCONJ if Subj

nsubj NOUN man_N :

: V2 [beat_V : V] 8
V2 4 (ComplV2 4 6)
: Subj 1
N 3

(UseN 3) (DetCN 2 3)

det DET IndefArt : Quant 2 (DetQuantSg_2)

dobj NOUN donkey N : N 6
det DET IndefArt : Quant 5
nsubj PRON "it" : Cleft_ [it Pron :
dobj PRON he_Pron : Pron 9 (UsePron 9)

Pron] 7 (UsePron 7)

PredVP
ComplVv2
DetCN
AdvS
Subjs
UsePron
UseN

DetQuantSg_ :
UseClPrPos_ :

: NP -> VP -> C1 --
: V2 -> NP -> VP --
: Det -> CN -> NP --
: Adv -> S -> S --
: Subj -> S -> Adv --
: Pron -> NP
: N ->CN

Quant -> Det

Cl -> S

nsubj head
head dobj
det head
advcl head
mark head




TRAVERSING THE TREE:

root VERB beat V2 : V2 [beat_V : V] 8
advcl VERB own V2 : V2 4 (ComplV2 4 6)
mark SCONJ if Subj : Subj 1
nsubj NOUN man_ N : N 3 (UseN 3) (DetCN 2 3)
det DET IndefArt : Quant 2 (DetQuantSg_2)
dobj NOUN donkey N : N 6 (UseN 6) (DetCN 5 6)
det DET IndefArt : Quant 5 (DetQuantSg 5)

nsubj PRON "it" : Cleft_ [it_Pron :
dobj PRON he_Pron : Pron 9 (UsePron 9)

Pron] 7 (UsePron 7)

PredVP
ComplVv2
DetCN
AdvS
Subjs
UsePron
UseN

: NP -> VP -> Cl --
: V2 -> NP -> VP - -
: Det -> CN -> NP --
: Adv -> S -> S --
: Subj -> S -> Adv --
: Pron -> NP

: N -> CN
DetQuantSg_ :
UseClPrPos_ :

Quant -> Det
cl -> S

nsubj head
head dobj
det head
advcl head
mark head




TRAVERSING THE TREE:

root VERB beat V2 : V2 [beat_V : V] 8
advcl VERB own V2 : V2 4 (ComplV2 4 6)
mark SCONJ if Subj : Subj 1
nsubj NOUN man_ N : N 3 (UseN 3) (DetCN 2 3)
det DET IndefArt : Quant 2 (DetQuantSg_2)
dobj NOUN donkey N : N 6 (UseN 6) (DetCN 5 6)
det DET IndefArt : Quant 5 (DetQuantSg 5)

nsubj PRON "it" : Cleft_ [it_Pron :
dobj PRON he_Pron : Pron 9 (UsePron 9)

Pron] 7 (UsePron 7)

PredVP
ComplVv2
DetCN
AdvS
Subjs
UsePron
UseN

: NP -> VP -> Cl --
: V2 -> NP -> VP - -
: Det -> CN -> NP --
: Adv -> S -> S --
: Subj -> S -> Adv --
: Pron -> NP

: N -> CN
DetQuantSg_ :
UseClPrPos_ :

Quant -> Det
cl -> S

nsubj head
head dobj
det head
advcl head
mark head




TRAVERSING THE TREE:

root VERB beat V2 : V2 [beat_V : V] 8
advcl VERB own V2 : V2 4 (ComplV2 4 6)
mark SCONJ if Subj : Subj 1
nsubj NOUN man_ N : N 3 (UseN 3) (DetCN 2 3)
det DET IndefArt : Quant 2 (DetQuantSg_2)
dobj NOUN donkey N : N 6 (UseN 6) (DetCN 5 6)
det DET IndefArt : Quant 5 (DetQuantSg 5)

nsubj PRON "it" : Cleft_ [it_Pron :
dobj PRON he_Pron : Pron 9 (UsePron 9)

Pron] 7 (UsePron 7)

PredVP
ComplVv2
DetCN
AdvS
Subjs
UsePron
UseN

: NP -> VP -> Cl - -
: V2 -> NP -> VP --
: Det -> CN -> NP --
: Adv -> S -> S --
: Subj -> S -> Adv --
: Pron -> NP

: N -> CN
DetQuantSg_ :
UseClPrPos_ :

Quant -> Det
cl -> S

nsubj head
head dobj
det head
advcl head
mark head




TRAVERSING THE TREE:

root VERB beat V2 : V2 [beat_V : V] 8
advcl VERB own V2 : V2 4 (ComplV2 4 6) (PredVP 3 4)
mark SCONJ if Subj : Subj 1
nsubj NOUN man_ N : N 3 (UseN 3) (DetCN 2 3)
det DET IndefArt : Quant 2 (DetQuantSg_2)
dobj NOUN donkey N : N 6 (UseN 6) (DetCN 5 6)
det DET IndefArt : Quant 5 (DetQuantSg 5)

nsubj PRON "it" : Cleft_[it Pron

dobj PRON he_Pron : Pron 9 (UsePron 9)

: Pron] 7 (UsePron 7)

PredVP
Complv2
DetCN
AdvS
Subjs
UsePron
UseN

: NP -> VP -> C1 --
: V2 -> NP -> VP --
: Det -> CN -> NP --
: Adv -> S -> S --
: Subj -> S -> Adv --
: Pron -> NP

: N -> CN
DetQuantSg_ :
UseClPrPos_ :

Quant -> Det
cl -> S

nsubj head
head dobj
det head
advcl head
mark head




TRAVERSING THE TREE:

root VERB beat V2 : V2 [beat_V : V] 8
advcl VERB own V2 : V2 4 (Complv2 4 6) (PredVP 3 4) (UseClPrPos_ 4)
mark SCONJ if Subj : Subj 1

nsubj NOUN man_ N : N 3 (UseN 3) (DetCN 2 3)
det DET IndefArt : Quant 2 (DetQuantSg_2)
dobj NOUN donkey N : N 6 (UseN 6) (DetCN 5 6)

det DET IndefArt : Quant 5 (DetQuantSg 5)
nsubj PRON "it" : Cleft_[it Pron : Pron] 7 (UsePron 7)
dobj PRON he_Pron : Pron 9 (UsePron 9)

PredVP : NP -> VP -> Cl -- nsubj head
ComplVv2 : V2 -> NP -> VP -- head dobj
DetCN : Det -> CN -> NP -- det head
AdvS : Adv -> S -> S -- advcl head
Subjs : Subj -> S -> Adv -- mark head
UsePron : Pron -> NP

UseN : N ->CN

DetQuantSg_ : Quant -> Det

UseClPrPos_ : Cl1 -> S




TRAVERSING THE TREE:

root VERB beat V2 : V2 [beat_V : V] 8
advcl VERB own V2 : V2 4 (ComplV2 4 6) (PredVP 3 4) (UseClPrPos_ 4) (AdvS 1 4)
mark SCONJ if Subj : Subj 1

nsubj NOUN man_ N : N 3 (UseN 3) (DetCN 2 3)
det DET IndefArt : Quant 2 (DetQuantSg_2)
dobj NOUN donkey N : N 6 (UseN 6) (DetCN 5 6)

det DET IndefArt : Quant 5 (DetQuantSg 5)
nsubj PRON "it" : Cleft_[it Pron : Pron] 7 (UsePron 7)
dobj PRON he_Pron : Pron 9 (UsePron 9)

PredVP : NP -> VP -> Cl -- nsubj head
ComplVv2 : V2 -> NP -> VP -- head dobj
DetCN : Det -> CN -> NP -- det head
AdvS : Adv -> S -> S -- advcl head
Subjs : Subj -> S -> Adv -- mark head
UsePron : Pron -> NP

UseN : N ->CN

DetQuantSg_ : Quant -> Det

UseClPrPos  : Cl1 -> S




TRAVERSING THE TREE:

root VERB beat_V2 : V2 [beat_V : V] 8 (ComplVv2 8 9)
advcl VERB own V2 : V2 4 (ComplV2 4 6) (PredVP 3 4) (UseClPrPos_ 4) (AdvS 1 4)
mark SCONJ if Subj : Subj 1

nsubj NOUN man_ N : N 3 (UseN 3) (DetCN 2 3)
det DET IndefArt : Quant 2 (DetQuantSg_2)
dobj NOUN donkey N : N 6 (UseN 6) (DetCN 5 6)

det DET IndefArt : Quant 5 (DetQuantSg 5)
nsubj PRON "it" : Cleft [it Pron : Pron] 7 (UsePron 7)
dobj PRON he_Pron : Pron 9 (UsePron 9)

PredVP : NP -> VP -> Cl -- nsubj head
ComplVv2 : V2 -> NP -> VP -- head dobj
DetCN : Det -> CN -> NP -- det head
AdvS : Adv -> S -> S -- advcl head
Subjs : Subj -> S -> Adv -- mark head
UsePron : Pron -> NP

UseN : N ->CN

DetQuantSg_ : Quant -> Det

UseClPrPos  : Cl1 -> S




TRAVERSING THE TREE:

root VERB beat_V2 : V2 [beat V : V] 8 (ComplVv2 8 9) (PredVvP 7 8)
advcl VERB own V2 : V2 4 (ComplV2 4 6) (PredVP 3 4) (UseClPrPos_ 4) (AdvS 1 4)
mark SCONJ if Subj : Subj 1

nsubj NOUN man_ N : N 3 (UseN 3) (DetCN 2 3)
det DET IndefArt : Quant 2 (DetQuantSg_2)
dobj NOUN donkey N : N 6 (UseN 6) (DetCN 5 6)

det DET IndefArt : Quant 5 (DetQuantSg 5)
nsubj PRON "it" : Cleft_[it Pron : Pron] 7 (UsePron 7)
dobj PRON he_Pron : Pron 9 (UsePron 9)

PredVP : NP -> VP -> Cl -- nsubj head
ComplVv2 : V2 -> NP -> VP -- head dobj
DetCN : Det -> CN -> NP -- det head
AdvS : Adv -> S -> S -- advcl head
Subjs : Subj -> S -> Adv -- mark head
UsePron : Pron -> NP

UseN : N ->CN

DetQuantSg_ : Quant -> Det

UseClPrPos  : Cl1 -> S




TRAVERSING THE TREE:

root VERB beat V2 : V2 [beat V : V] 8 (Complv2 8 9) (PredVP 7 8) (UseClPrPos_ 8)
advcl VERB own V2 : V2 4 (ComplV2 4 6) (PredVP 3 4) (UseClPrPos_ 4) (AdvS 1 4)
mark SCONJ if Subj : Subj 1

nsubj NOUN man_ N : N 3 (UseN 3) (DetCN 2 3)
det DET IndefArt : Quant 2 (DetQuantSg_2)
dobj NOUN donkey N : N 6 (UseN 6) (DetCN 5 6)

det DET IndefArt : Quant 5 (DetQuantSg 5)
nsubj PRON "it" : Cleft_[it Pron : Pron] 7 (UsePron 7)
dobj PRON he_Pron : Pron 9 (UsePron 9)

PredVP : NP -> VP -> Cl -- nsubj head
ComplVv2 : V2 -> NP -> VP -- head dobj
DetCN : Det -> CN -> NP -- det head
AdvS : Adv -> S -> S -- advcl head
Subjs : Subj -> S -> Adv -- mark head
UsePron : Pron -> NP

UseN : N ->CN

DetQuantSg_ : Quant -> Det

UseClPrPos_ : Cl1 -> S




TRAVERSING THE TREE:

(AdvS 4 8)

root VERB beat V2 : V2 [beat V : V] 8 (Complv2 8 9) (PredVP 7 8) (UseClPrPos_ 8)
advcl VERB own V2 : V2 4 (Complv2 4 6) (PredVP 3 4) (UseClPrPos_ 4) (AdvS 1 4)
mark SCONJ if_Subj : Subj 1

nsubj NOUN man_ N : N 3 (UseN 3) (DetCN 2 3)
det DET IndefArt : Quant 2 (DetQuantSg_ 2)
dobj NOUN donkey N : N 6 (UseN 6) (DetCN 5 6)

det DET IndefArt : Quant 5 (DetQuantSg_ 5)
nsubj PRON "it" : Cleft_[it Pron : Pron] 7 (UsePron 7)
dobj PRON he_Pron : Pron 9 (UsePron 9)

PredVP : NP -> VP -> Cl -- nsubj head
ComplVv2 : V2 -> NP -> VP -- head dobj
DetCN : Det -> CN -> NP -- det head
AdvS : Adv ->S -> S -- advcl head
Subjs : Subj -> S -> Adv -- mark head
UsePron : Pron -> NP

UseN : N ->CN

DetQuantSg : Quant -> Det

UseClPrPos  : Cl1 -> S




GF ABSTRACT SYNTAX TREE:

(AdvS
(SubjS if Subj
(UseCl (TTAnt TPres ASimul) PPos
(PredVvpP
(DetCN (DetQuant IndefArt NumSg) (UseN man_N))
(ComplVv2 own V2 (DetCN (DetQuant IndefArt NumSg) (UseNdonkey N))))))
(UseCl (TTAnt TPres ASimul) PPos
(PredVvpP
(UsePron it_Pron)
(ComplVv2 beat V2 (UsePron he Pron)))))



7

AdvS

N

SubjS UseCl
a / AN
if_Subj UseCl TTAnt PPos PredVP
SN TN N
TTAnt PPos PredVP TPres ASimul UsePron ComplV2
/ [\ N
TPres ASimul DetCN ComplV2 it_Pron beat_V2 UsePron
/ I |
DetQuant UseN own_V2 DetCN he_Pron
a / N\
IndefArt NumSg man_N DetQuant UseN
a
IndefArt NumSg donkey_N



SI un homme possede un ane il le bat



SI un homme possede un ane il le bat

if a man owns a donkey it beats him
if a man owns a donkey he beats it



Example pipeline 2

English

UD parser

UD tree

ud2gf

GF tree

gf2tt

TT
formula




echo “if a man owns a donkey it beat he” | \
\ udjpipe/scripts/pipeline.sh -1 en \
\ ud2gf -lEng -t10000 -k3000 -al -gl -Dt -CUDTranslate.labels,UDTranslateEng.labels \
\ runghc TTG.hs



1S :: GS -> Prop
1S s = case s of
GUseClL _ pol cl -> ipPol pol (icCl cl)
GAdvS (GSubjS Gif _Subj a) b -> Pi (iS a) (\x -> 1S b) --- non-compositional

iCl :: GCL -> Prop
1Cl s = case s of
GPredVP np vp -> iNP np (1iVP vp)

iVP :: GVP -> Ind -> Prop
1VP vp x = case vp of
GComplV2 v np -> iNP np (\y -> iV2 v x y)

iNP :: GNP -> (Ind -> Prop) -> Prop

iNP np p = case np of
GDetCN (GDetQuant GDefArt _) cn -> p (Def (iCN cn) [])
GDetCN det cn -> iDet det (iCN cn) p

iDet :: GDet -> Prop -> (Ind -> Prop) -> Prop
iDet det t p = case det of
GsomeSg_Det -> Sigma t p
every Det -> Pi t p
GDetQuant GIndefArt _ -> Sigma t p --- non-compositional



(lz :
(2x : man_N)(2y : donkey N)own V2(x,y))
beat_V2(p(q(z)),p(z))



Example pipeline 3

English

UD parser

UD tree

ud2gf

gf2tt

GF tree

TT formula

(gf+tt)2gf j

GF tree

GF linearizer

French




4.7. The spectrum of anaphoric expressions 87

in context, ordered according to specificity. will be called the spectrum of
the object. For instance. the spectrum of the donkey p(p(z)) given in the
context
z 2 (Xx o donkey)(Pedro ouns x)&(Xx : donkey)( Mary ouns x)
comprises at least the following expressions.
Pron{donkey. p(p(z))) © i,
the{donkey. p(p(z))) = the donkey,
Mod{donkey. (x)(Pron(man, Pedro) owns z). p{p(2)). g(p(z)))
t> the donkey that he owns.
Mod{donkey. (x}( Pedro ouns x). p(p(z)). q(p(z)))
> the donkey that Pedro owns.
Gen(man, donkey, (x.y)(x ouns y). Pedro.p(p(z)). q(p(z)))
= Pedro’s donkey,
Gen(man, donkey, (x.y)(x ouwns y), Pron(man. Pedro). p(p(z)).q{p(z)))
= his donkey.
The following comparison procedure ensures unique interpretation of ana-
phoric expressions created in sugaring.

Form the spectra of all objects given in context. Erase the common
parts of the spectra of distinet objects. The expressions that remain
can be interpreted uniquely in the context.

In our example context. the donkeys p(p(z)) and plg(z)) are given. A
part of the spectrum of p(p(z)) was listed above. The spectrum of the
donkey p(g(z)) contains. for example.

Pron(donkey. plq(z))) & at.

the(donkey. p(q(z))) = the donkey.

Mod({donkey. (x)(Pron(woman, Mary) owns x).plg(z)). g(q(=)))

> the donkey that she owns.,
Mod({donkey, (x){ Mary ouns x). plg(z)).q(q{z)))
t= the donkey that Mary owns.

Gen(man, donkey, (r.y)(x owns y). Mary, plg(z)). q(q{z)))

= Mary’s donkey,

Gen(man, donkey, (x.y)(x ouwns y),

Pron{woman, Mary). p(p(2)).q(p(z)))

AR, Type Theoretical Grammar, OUP 1994

> her donkey.



GF ABSTRACT SYNTAX TREE:

(AdvS
(SubjS if_Subj
(UseCl (TTAnt TPres ASimul) PPos
(PredVvP
(DetCN (DetQuant IndefArt NumSg) (UseN man_N))
(Complv2 own_ V2 (DetCN (DetQuant IndefArt NumSg) (UseN
donkey_N))))))
(UseCl (TTAnt TPres ASimul) PPos
(PredVvP
(UsePron it_Pron)
(ComplV2 beat V2 (UsePron he Pron)))))



GF ABSTRACT SYNTAX TREE:

(AdvS
(SubjS if_Subj
(UseCl (TTAnt TPres ASimul) PPos
(PredVvP
(DetCN (DetQuant IndefArt NumSg) (UseN man_N))
(ComplV2 own V2 (DetCN (DetQuant IndefArt NumSg) (UseN
donkey _N))))))
(UseCl (TTAnt TPres ASimul) PPos
(PredVvP

(ComplV2 beat V2 (UsePron he Pron)))))



SI un homme possede un ane l'ane le bat

“if a man owns a donkey the donkey beats him”



Research goals

Linguistics:
- What are the structures of language?



Research goals

Strong Al.
- Can machines learn to perform like humans?



Research goals

Engineering:
- How best to build systems that work™?



Don’t guess if you know.



Kyunghyun Cho, Keynote on NMT, NODALIDA 2017



Descartes, letter to Mersenne, 1629

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.
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Descartes, letter to Mersenne, 1629

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

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.

the discovery of such a language depends upon the true
philosophy. For without that philosophy it 1s impossible to
number and order all the thoughts of men or even to separate
them out into clear and simple thoughts



Descartes, letter to Mersenne, 1629

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.

the discovery of such a language depends upon the true philosophy. For without that philosophy it is impossible to number and
order all the thoughts of men or even to separate them out into clear and simple thoughts,

But do not hope ever to see such a language in use. For that, the
order of nature would have to change so that the world turned
into a terrestrial paradise; and that 1s too much to suggest
outside of fairyland.

http://www.autodidactproject.org/other/descartes-lgl.html



http://www.autodidactproject.org/other/descartes-lg1.html
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so that {y}4 is contractible. Thus, 14 : A — A is an equivalence. O
. Donc, pour les y : A, nous pouvons appliquer ¥ -élimination sur « : {y;a pour

(.’I),Z) =Y

obtenir que u = y, de facon que {y} soit contractible. Alors, 14 : A — A est https://qithub.com/GrammaticalF ramework/gf-contrib/tree/master/homot

une équivalence. O obv-tvpetheorv


https://github.com/GrammaticalFramework/gf-contrib/tree/master/homotopy-typetheory
https://github.com/GrammaticalFramework/gf-contrib/tree/master/homotopy-typetheory
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Vad har hant?
Hej.
What has happened?

Kan nagon svenska/... ?

")
Ar situationen livshotande?

Kan patienten prata sjélv? Vad har hant? )
Titta pa telefonen. Wil el

Den har telefonen kan oversatta. .
Har det hant en olycka/... ?

*presentera mig sjalv
Var ar patienten?

*frdgor om patienten
*fragor om situationen Ar situationen livshotande?
Vem kallade ambulans?

Finns det fler patienter?




Cf. Vauquois (1968)




GF Offline Translator
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my hovercraft is full of eels

min svavare ar full av alar

questo programma traduce

kaupassa on olutta

https://play.google.
com/store/apps/det
ails?id=org.gramm
aticalframework.ui.
android

https://itunes.apple.com
[us/app/gf-offline-transla

tor/id10233284227mt=8

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

Carrier ¥ 9:57 AM

Finnish <—> Thai

| don't speak Swedish

jag talar inte svenska

but my phone can translate for me

aber mein Fernsprecher kann fiir mich
tibersetzen

the best translations are green
le migliori traduzioni sono verdi
red translation maybe not grammatical

la traduccion roja quizas no
gramatical

you can translate from all the fourteen
languages

HRIIEBHHBEOEEDENSIR
TIENTZEY

je t'aime

RENR

Info

the best translations are green Translate
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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

Quality degradation

precision
95
75
50
35
25

H-BLEU

100 1000 1,000,000 concepts
coverage



STRING: Fast and friendly service , they know my order when I walk in the door !

root NOUN service N : N [] {} (4) 4
amod ADJ fast A : A [] {} (1) 1
cc CONJ "and"™ : Conjand_ [and_Conj : Conj] {} (2) 2
conj AD] friendly A : A [] {} (3) 3
punct PUNCT "," : Comma_ [] {} (5) 5
parataxis VERB know_VQ : VQ [know_VS : VS, know_V2 : V2, know_ V : V] {} (7) 7
nsubj PRON they Pron : Pron [theyFem Pron : Pron] {} (6) 6
dobj NOUN order N : N [] {} (9) 9
nmod:poss PRON i Pron : Pron [] {} (8) 8
advcl VERB walk V2 : V2 [walk V : V] {} (12) 12
mark ADV when_Subj : Subj [when_IAdv : IAdv] {} (10) 1e
nsubj PRON i_Pron : Pron [iFem_Pron : Pron] {} (11) 11
nmod NOUN door_N : N [] {} (15) 15
case ADP in_Prep : Prep [] {} (13) 13
det DET DefArt : Quant [] {} (14) 14

punct PUNCT StringPN "!" : PN [StringPunct "!" : Punct] {} (16) 16
Eng: fast and friendly service "!" [ they know my order when I walk in the door ]
Fin: nopea ja ystavallinen palvelu "!" [ he tuntevat minun jarjestykseni kun mina kavelen ovessa ]
Swe: snabb och vanlig tjanst "!" [ de kanner min ordning nar jag gar i dorren ]

PARSED: 16/16  WITHOUT BACKUP: 6/16
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