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Motivation
Goals of Treex

» elegant integration of in-house and third-party NLP tools
* modularity, reusability, cooperation

* ability to easily modify and add code in a full-fledged
programming language

Scenario 1: ' ' '

F’
'  lab for NLP experiments (fast prototyping)
E
1

Scenario 2: Nereororeorores

Scenario 3:




reprocessing for manual annotation
PEDT 2.0 and PCEDT 2.0

- * WSJ data, PennTB phrase structure,

two layers of dependency structure, semantic labeling, ...
 Treex used for converting phrase trees to dependencies,
syntactic labeling, word alignment, pre-annotation

@ Section: < 04 U File: < 20 @ Sentence: « 3

[en] Terms weren't disclosed .
[cs] Podminky nebyly zvefejnény.

disclose

NNS WBD . RB

o °
Terms were n't disclosed *-1 .
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http://ufal.mff.cuni.cz/pedt2.0
http://ufal.mff.cuni.cz/pcedt2.0
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Fully automatic annotation
CzEng 1.0 (Czech-English parallel treebank

* 15 million parallel sentences (> 200 MW), free for research purposes
* morphology, shallow and deep syntactic layer, rich annotation '

i
’ @ §§ @ g; g% ..:d,.l | % j“‘% | k% % & | §~§ O | m E ______ ‘ﬁé E“W Style: \ | Treex_stylesheet _||
[cs] Shaw se v duchu na sebe zlobil, 2e nezacal prave tady. j 1/214
[en] Shaw cursed himself under his breath for not starting here. /
o
Node Attributes 4 P
i Hide empty values (r;:—tree
B a Structure @ Zone=en
(- aux.rf Unordered list
t lexef |2 bree-enfiction-bl-00tain-f000] a-tree t-tree !
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Shaw himself under . ACT n:subj PAT n:obj’ LOC n:under+X
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Treebank conversmn

F  Treex HamleDT — HArmonized Multi-LanguagE Dependency Treebank

* Dependency treebanks for 30 languages
 Normalized to a unified style and format
» Scripts for converting among several annotations styles

(e.g. treatment of coordination structures)

:

' * Basque, Bengali, Bulgarian, Catalan, Chinese, Czech, Danish,

| Dutch, English, Estonian, Finnish, German, ancient Greek, Hindi,
Hunganan Italian, Japanese PerS|an Portuguese Romanian,
Slovene Spanish, Swedish, Tamil, Telugu Turkish

i

? Cooee a o
a tree a-tree’ a-tree ~tree
— zone=la )
znne zcm:—:‘—\el Jone=ru
d...njl'-ﬂ-ﬂ * OOKAKLO . \
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Evaluating and combining parsers
Parsing BNC

 Treex offers 3 constituency parsers (Stanford, Charniak's,
'* Collins'), 2 phrase-to-dep converters, several dependency
i parsers (MST, Malt,...), ensemble combination

" Treex

* British National Corpus (BNC) parsed to create training data
for Lexical Disambiguation of English Verbs

t
Zone=en_stan Zone= en mst i i
wake shall
P
VB\ MD

Tomorro wo | shall up .. Tomorro wl

NR Sb  Adv Auxv AuxP AuxG AuxG sbh Ob] AuxG AuxG
NM PRPF MD RP \ . PRP
dream up from
Achy AuxV  AuxP
}NN RP IN\
the dream
AuxA Adv
DT }NN
o o O o o o 0 5 oo

the Tomorrow I shall wake up from the dream . °
Auxh NN PRP MD VB RF IN DT NN S
DT



* Wrapper for Stanford NER

nition

« Support for nested named entities and visualization

File Node Tree View Macros Setup Help

Maode: | TectoMT_TredMacros _||

|
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Named entity: normalized name=Novojicinsko type=gro (oblast - okoli mésta)
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Semantlc processing
Treox Dialog Manager in “Companions” Project

r
» Automatic Speech Recognition,
Natural Language Understanding,
Natural Language Generation,
! Text to Speech Synthesis
t

* Treex used for Semantic parsing tasks
e Assignment semantic roles

e Coordinations

* Argument structure |
* Partial ellipsis resolution {,
 Pronominal anaphora resolution




Treex

Show: |Ser1tences o info M names Wsrc Wref ¥ GOOGLE MTECTDMT|

“Comparing two MT systems
ComparEval — a tool for MT analysis

n-grams unconfirmed by the reference

-

pass on the word and to appeal to the world's leaders to deliver a fair;

ambitious and binding deal, she said.
REF:

To j& casteény divod toho FPFOELsme §8lrozhodli pripojit 88lk tomuto
velkému pochodu 8- projit svétem Iapelovat na vudél osobnosti svéta |
aby predlozili spravedlivou zavaznou dohodu , fekla .
GOOGLE: 1l-grams: 13, 2-grams: 4, 3-grams: 1, 4-grams: O

To je jednim z dtuvodt , proé jsem se rozhodl vstoupit do velké pochod -
prredat slovo alodvolat 8e svétovi viidci poskytovat spravedlivé |
ambiciozni a zavazna dohoda , dodala .

TECTOMT: l-grams: 21, 2-grams: 14, 3-grams: 9, 4-grams: 6

Je to soucdst divodu , proé jsem se rozhodl pripojit se k velkému

pochodu - prredat slovo a podat videlm svéta , dodaji spravedlivou ,
ambicidzni a zavaznou dohodu , fekla .

sentence #838 ID: ? Matching n-grams: GOOGLE - TECTOMT = -28
SRC:

The Obama administration is considering a package of sanctions that

would target Iran's military and political elite, but Gates signaled that

IN-gram stats @ confirmed ® unconfirmed| 1-gram 2-gram
GOOGLE losesTECTOMT loses| |GOOGLE losesTECTOMT |
1-gram _ 2-gram _ 635 . 142 Je 194 .a 88 ]
GOOGLE winsTECTOMT w1,ns GOOGLE wins TECTOMT w1’ns 424 ; 50 TOokb 45 . 3e 76 ~
= L N —o L 206 se 47  ktery 44 " 38 ze
132 na -18 B 39 _Ze -13 vrl’ka 175 na 42 byla 420 .se 37 a
106 v 16 Je 32 .a N 123 v 39 jsou 36 v 27 s
ER e S R 74 pro 31 milisnt 34 ato 25 _kt
DAl Al e I e = 8 70 Kk 31 Jejich 30 -rok | 24 _kt
SR ERRTE o a SR 67 bude 31 roku 28 rok- | 22
e = L Lo = e 52 o 29  ktera 26 .co 21
37 let -9 USA =
- = sentence #711 ID: ? Matching n-grams: GOOGLE - TECTOMT = -32 5 .coz -20
= = SRC:
30 _do 7 uz This is part of the reason why [ have decided to join the big march - to

R T Tp— Iﬁ |



Treex architecture
scenario

- ™

document ‘
reader

N

Vel | T 2

block document

1 writer
J N /




Treex architecture
block code example

- Treex

. package Tutorial::Solution::Svo2Sov;
| Treex core

- use Moose; _
F Treex convention

use Treex: :Core::Common;
’ Perl keyword/convention

extends 'Treex::Core::Block’;

sub process anode ({
my ( $self, $a node ) = @ ;

if ( $a node->tag =~ /"V/ ) { # verb found
foreach my $child ( $a node->get echildren() ) {
if ( Schild->afun eq 'Obj"' ) { # object found

# Move the object and its subtree so it precedes the verb
$child->shift before node($a node);

}

L- return;



TectoMT translation scheme

transfer over the tectogrammatical layer

tectogramatical layer

\
’

’source language (English) target language (Czech) w-layer

shallow syntax:
analytical layer

a-layer

morphological layer m-layer

ANALYSIS \ TRANSFER ‘ SYNTHESIS
‘ ' t-l
- deep syntax: . 7 U



TectoMT translation scheme

4

&£
1 0 e

‘rule based | & statistical | blocks

ANALYSIS SYNTHESIS
tectogramatical layer t-layer |
e Cernaenes use fill morphologlcal categories)
' build t-tree | |ct|onary MTM impose agreement |
" mark edges to contract | _add functional words |
analytical layer a-layer
‘analytical functions generate
‘parser (McDonald's MST)| wordforms
morphologlcal layer m-layer |
‘tagger (Morce)| | | concatenate)
; | lemmatization | source language (English) target language (Czech) w-layer
l: ( tokenlzatlon |

~ [segmentation




MORPHOLOGY:
ResegmentSentences
Tokenize

NormalizeForms
FixTokenization

TagMorce

FixTags

Lemmatize

NAMED ENTITIES:
StanfordNamedEntities
DistinguishPersonalNames
A-LAYER:

MarkChunks

ParseMST
SetlsMemberFromDeprel
RehangConlIToPdtStyle
FixNominalGroups
FixlsMember

FixAtree
FixMultiwordPrepAndConj
FixDicendiVerbs
SetAfunAuxCPCoord
SetAfun

T-LAYER:
MarkEdgesToCollapse

- MarkEdgesToCollapseNeg
BuildTtree

- SetlsMember

MoveAuxFromCoordToMembers
FixTlemmas

SetCoapFunctors

FixEitherOr

WFixlsMember

lauseHeads

The Real Scenario

SetFunctors
MarklInfin
MarkRelClauseHeads
MarkRelClauseCoref
MarkDspRoot
MarkParentheses
SetNodetype
SetGrammatemes
SetFormeme
RehangSharedAttr
SetVoice
FixImperatives
SetlsNameOfPerson
SetGenderOfPerson
AddCorAct
FindTextCoref

TRANSFER:

CopyTtree

TrLFPhrases

TrLFJointStatic
DeleteSuperfluousTnodes
TrFTryRules

TrFAddVariants

TrFRerank

TrLTryRules

TrLAddVariants
TrLFNumeralsByRules
TrLFilterAspect
TransformPassiveConstructions
PrunePersonalNameVariants
RemoveUnpassivizableVariants
TrLFCompounds

CutVariants
RehangToEffParents

TrLF TreeViterbi
; T —

CutVariants
FixTransferChoices
ReplaceVerbWithAdj
DeletePossPronBeforeVlastni
TrLFemaleSurnames
AddNounGender
MarkNewRelClauses
AddRelpronBelowRc
ChangeCorToPersPron
AddPersPronBelowVfin
AddVerbAspect

FixDateTime
FixGrammatemesAfterTransfer
FixNegation
MoveAdjsBeforeNouns
MoveGenitivesRight
MoveRelClauseRight
MoveDicendiCloserToDsp
MovePersPronNextToVerb
MoveEnoughBeforeAd;
MovedJesteBeforeVerb
FixMoney
OverridePpWithPhraseTr
FindGramCorefForReflPron
NeutPersPronGenderFromAntec
ValencyRelatedRules
SetClauseNumber
TurnTextCorefToGramCoref

SYNTHESIS TO A-LAYER:
CopyTtree
DistinguishHomonymous.
ReverseNumberNounDep.
InitMorphcat

FixPossessiveAdjs

MarkSubject

MNDOS Oron A

ImposeRelPronAgr
ImposeSubjpredAgr
ImposeAttrAgr
ImposeComplAgr
DropSubjPersProns
AddPrepos
AddSubconjs
AddReflexParticles
AddAuxVerbCompoundPassive
AddAuxVerbModal
AddAuxVerbCompoundFuture
AddAuxVerbConditional
AddAuxVerbCompoundPast
AddClausalExpletivePronouns
ResolveVerbs
ProjectClauseNumber
AddParentheses
AddSentFinalPunct
AddSubordClausePunct
AddCoordPunct
AddAppositionPunct
ChooseMlemmaForPersPron
GenerateWordforms
MoveCliticsToWackernagel
DeleteSuperfluousPrepos
DeleteEmptyNouns
VocalizePrepos
CapitalizeSentStart
CapitalizeNamedEntities.
FillTagFromMorphcat
SYNTHESIS TO TEXT:
ConcatenateTokens
ApplySubstitutions
DetokenizeUsingRules

RemoveRepeated [okens

LR




HMTM Transfer

TRANSFER

Source tree (Czech) | —_—— Target tree (English)

F
!' P(optimal_tree) = P.(strojovy | machine) - P(machine | translation)-
Pc(pFeklad | translation) - P (translation | be):
P:(snadny | easy) - P (easy | be)-
P.(byt | be) - P.(be | ROOT)
. % ‘ 0}
preklad ' [ simple
[ Q

machine ][ engine ]

-y . 4
.

.
--------- “-“ _ 0_5

Target sentence:
Machine translation should be easy.

Source sentence:
LStrojovy preklad by mél byt snadny. e

wy .t
---------------

P:(source | target) ... emission probabilities ... translation model

b P.(dependent | governing) ... transition probabilities ... target-language tree model




F_ Baseline Dictionary

count (x, y)
count (x)

p(ylx)=
« Maximum likelihood estimates
(from the training sections of CzEng 0.9)
* Pruned by thresholds on p(x|y) and p(y|x)
* No context used

X = source lemma
y = target lemma

Maximum Entropy Dictionary

v
Tecto

MaxEnt Dictionary

p(y1x)=7yexp E,A 1 (x, )

» One MaxEnt model for each source lemma
(same training data as for the Baseline Dict.)

* Interpolated with Baseline Dict. (due to pruning)

» Context features used (x = source context)
- local tree context
- local linear context
- morphological & syntactic categories



y

£
1 0 e

TectoM’

Maximum Entropy Dictionary

“ chop, saw, trim,
| agree / v:fin horten, lumber, hew,
tense=past, voice=active ower, delete, crop
negation=0, sempos=v abolish, cancel,...
cut / v:inf,
has_left _child=0, sempos=yv,
ol . has_right_child=1, tag=VB,
he /n:subj union / ition=right, named_entity=0
n:with+X
overtime / n:obj
3 Il / adj:att
l A Ta%-A TRANSFER
§ ANALYSIS SYREEESIS

*He agreed with the unions to cut all overtime. Dohodl se s odbory na zruseni vSech prescasi



Results — BLEU
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~ Results — manual rahking (2 others)

Fi=

Tecto

TeCtOMT  —— I
[ Bojar =——
0 - 5o —— —
PC-Tran A
s | UEdin .

Eurotr

Bing =—fle—
S ———
55 | JHU =

Depfix m——
Tamchyra =——ip—

50

== 0OTHERS

20
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~ Results — manual rahking (> others)

Tecto
60 | | |
TectoMT  s——
i Bojar =
23 T NGoogle =——je— -
PCoMrap ——
LUEdin
0T Eurotr o~ Bl
ZEMan ——
45 DCL =l e
" Bing =—fle—
it
T 40 |
i:' Depfix m——
Ti h — = R
s | amchyna AN _
7 = i
20 _‘_—\-f ]
- >-—
20 —
20 I _."+"._ I

2008 2008 2010 2011 now
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Examples of Translation (2009)Tec*°“"

E A miss by an inch Slecna palec je sleCna milionu.

IS a miss by a mile.

than a nalil.

A bird in the hand is worth Ptakvruce je cenny
dvakrat v Bushovi.

{ I’d rather be a hammer
L
)

two in the bush.




[cs_tst] .
[en_src] I'd rather be a hammer than a nail.

a-tree_
Zone=en_src

t-tree
Zone=en_src

t-tree-.

'd ; be.enunc
Pred Auxk PRED
MD ) d be
| be #PersPron rather hammer
Sb ij T MANMN PAT
PRP ‘u’B\ I rather = hammer
rather Jhammer nail
Adv Pnom CPR
RE NN than a nail
a than
Auxs AuxP

DT IN\

nail

Zone=cs_ftst

a-treg.._
Zone=cs_ftst

byt.enunc byl
PRED I
bych byl Vp

\ ] ] ]

#PersPron spise kladivo

77 MAMNMN PAT I Auxy 1l
Spise kladivo D. Ve N.
hiebik
CPR
nez hiebik

N

Spise bych kladivo

8]

ne#
AuxP
H_

hiebik
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F

Sample of MaxEnt Features

input_label=nail

output_label=hrebik#N (metal nail)

child_formeme_n:in+X=1
is_member=1
child_formeme_v:fin=1
next node_tlemma=down
is_capitalized=1
position=right

tense g=post
voice_g=active
prev_node tlemma=drive
parent_capitalized=1
formeme=n:from+X

prev_node tlemma=hammer

child_tlemma_few=1
child_tlemma_remove=1
sempos=n.denot

next node tlemma=and
formeme_g=v:until+fin
child_tlemma_rusty=1
tag_g=VBP
next_node_tlemma=screw

1.64483855116042

1.30042900630692

1.04422203176176

0.838961007712912
0.792130821958927
0.747785245407306
0.744919903760696
0.659489975893991
0.655357850937254
0.622953832124697
0.599348506643414
0.592276691427986
0.553464629114697
0.546698831608057
0.504719359514573
0.502529618088752
0.491064112122981
0.428884558837039
0.422967377093101
0.344701934524519

output_label=nehet#N (fingernail or toenail) _'

child_formeme_n:poss=1
child_tlemma_finger=1
child_formeme_n:of+X=1
position=left

prev_node tlemma=Dblack
child_tlemma_broken=1
child_formeme_v:attr=1
formeme=n:at+X
formeme_g=n:attr
child_tlemma_long=1
next_node tlemma=file
child_tlemma_false=1
prev_node tlemma=false
number=sg
formeme=n:obj
formeme=n:by+X

;l-- i
Tecto

1.32717038827268
1.07509772743853
0.982021327950337
0.886912864256063
0.770671304450658
0.761077744287099
0.700099311992958
0.674547829214778
0.673367412957367
0.673158400394094
0.600496248030202
0.584236638145312
0.584236638145312
0.563056142428995
0.533943098032196
0.528852315800188






Demo Translation — Analysis w»

-
v
#

p raw text | Machine translation should be easy.
rm-layer ® _ ® . " ¢ 06
! machine translation should be easy .
' NN NN MD VB JJ

should

~_machine



Demo Translation — Analysis w»

-
v
#

p raw text | Machine translation should be easy.
rm-layer ® _ ® . " ¢ 06
! machine translation should be easy .
' NN NN MD VB JJ

Mark functional words

should

~_machine



;

Demo Translation — Analysis ™

~ raw text Machine translation should be easy.
F

machine translation should be easy .
l NN NN MD VB JJ

' m-layer

Mark edges to be contracted

k a-layer should
!

~_machine
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Demo Translation — Analysis ™"

raw text | Machine translation should be easy.

'm-layer ® | ® _ ® o 06

‘ machine translation should be easy .
NN NN MD VB JJ

Build t-tree (backbone)

ktJayer
!
]

translation

~_machine
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Demo Translation — Analysis

raw text | Machine translation should be easy.

'm-layer ® | ® _ ® o 06

‘ machine translation should be easy .
NN NN MD VB JJ

Fill formems

ktJayer
!
l

n:attr
~_machine

translation easy
n:subj adj:compl



Demo Translation — Analysis w»

raw text | Machine translation should be easy.
F
' m-layer ® ® o 060
machme translation should be easy .
. NN NN MD VB JJ
Fill grammatemes tense = simp|e,
L modality, conditional @
F

translation easy
n:attr n:subj tj :compl
. machine number = singular degree o comparlson



Demo Translation — Transfer o

Build target t-tree by cloning

F

' source t-layer |

translation @n:subj

easy@ adj:compl}

1
' machine

"

L target t-layer | v:fin

translation @n:subj

F easy@ adj:compl

machine



Demo Translation — Transfer

Get translation variants
f for lemmas and formems

r source t-layer |

translation
|

adj:compl]

machine

preklad

prevod adj:compl

& target t-layer
] : n:1

| jednoduchy 5qy- 1
pocitac n-2 ?
stroj n:attr

()I(]




Demo Translation — Transfer o

| Select the best combination
f of lemmas and formems

' source t-layer |

translation

| adj:compl}

machine

preklad

prevod adj:compl

L target t-layer
] : n:1
| jednoduchy 4qy:
pocitac :
stroj n:attr

14
SLTOLO AU



- Demo Translation — Synthesis

Build target a-layer by cloning

target t-layer | ’ v:fin

preklad
adj:compl

adj:attr

| target a-layer |

preklad

r ¢
! strojovy

strojovy



" Demo Translation — Synthesis

Fill morphological categories

target t-layer | ’ v:fin

preklad
adj:compl

adj:attr

| target a-layer |

preklad

F_
! strojovy

snadny
number = singular degree = positive |

strojovy gender = masc. inanim.

, degree = positive  ¢ase = nominative




" Demo Translation — Synthesis -

Impose agreement

:
' target t-layer |

preklad

snadny @ adj:compl

strojovy @ adj:attr

number = singular
gender = masc. Inanim.

target a-layer |

L number = singular p‘rzeklad
}

case = nominative

' gender = masc. inanim, _ snadny -
= number = singular degree = positive
strOJovy gender = masc. inanim. number = singular

degree = positive  case = nominative caso = nomingiig
| . gender = masc. inanim.




- Demo Translation — Synthesis =

Add functional words

target t-layer | ’ v:fin

! strojovy

| target a-layer

L

E

F

preklad
adj:compl

adj:attr

preklad

by byt snadny
strojovy




- Demo Translation — Synthesis =

Reorder clitics

target t-layer | ’ v:fin

! strojovy

| target a-layer

L

E

F

preklad
adj:compl

adj:attr

preklad

byt snadny
strojovy




" Demo Translation — Synthesis -

Generate wordforms

target t-layer | ’ v:fin

. strojovy

| target a-layer

|

E;

'F

preklad
adj:compl

adj:attr

preklad

byt snadny
strojovy




" Demo Translation — Synthesis

Concatenate tokens for output

target t-layer | ’ v:fin

r
! strojovy

target a-layer |

|
L preklad
:

preklad
adj:compl

adj:attr

o by byt snadny
strojovy

Strojovy preklad by mél byt snadny.




MORPHOLOGY:
ResegmentSentences
Tokenize

NormalizeForms
FixTokenization

TagMorce

FixTags

Lemmatize

NAMED ENTITIES:
StanfordNamedEntities
DistinguishPersonalNames
A-LAYER:

MarkChunks

ParseMST
SetlsMemberFromDeprel
RehangConlIToPdtStyle
FixNominalGroups
FixlsMember

FixAtree
FixMultiwordPrepAndConj
FixDicendiVerbs
SetAfunAuxCPCoord
SetAfun

T-LAYER:
MarkEdgesToCollapse
MarkEdgesToCollapseNeg
BuildTtree

SetlsMember
MoveAuxFromCoordToMembers
FixTlemmas
SetCoapFunctors
FixEitherOr

SFixlsMember

arkClauseHeads

SetFunctors
MarklInfin
MarkRelClauseHeads
MarkRelClauseCoref
MarkDspRoot
MarkParentheses
SetNodetype
SetGrammatemes
SetFormeme
RehangSharedAttr
SetVoice
FixImperatives
SetlsNameOfPerson
SetGenderOfPerson
AddCorAct
FindTextCoref

TRANSFER:

CopyTtree

TrLFPhrases

TrLFJointStatic
DeleteSuperfluousTnodes
TrFTryRules

TrFAddVariants

TrFRerank

TrLTryRules

TrLAddVariants
TrLFNumeralsByRules
TrLFilterAspect
TransformPassiveConstructions
PrunePersonalNameVariants
RemoveUnpassivizableVariants
TrLFCompounds

CutVariants
RehangToEffParents

TrLF TreeViterbi
- e —

Demo Translation — Real Scenario "

CutVariants
FixTransferChoices
ReplaceVerbWithAdj
DeletePossPronBeforeVlastni
TrLFemaleSurnames
AddNounGender
MarkNewRelClauses
AddRelpronBelowRc
ChangeCorToPersPron
AddPersPronBelowVfin
AddVerbAspect

FixDateTime
FixGrammatemesAfterTransfer
FixNegation
MoveAdjsBeforeNouns
MoveGenitivesRight
MoveRelClauseRight
MoveDicendiCloserToDsp
MovePersPronNextToVerb
MoveEnoughBeforeAd;
MovedJesteBeforeVerb
FixMoney
OverridePpWithPhraseTr
FindGramCorefForReflPron
NeutPersPronGenderFromAntec
ValencyRelatedRules
SetClauseNumber
TurnTextCorefToGramCoref

SYNTHESIS TO A-LAYER:
CopyTtree
DistinguishHomonymous.
ReverseNumberNounDep.
InitMorphcat

FixPossessiveAdjs

MarkSubject

D
MDOS ONZAC

¥y

7 § .

ImposeRelPronAgr
ImposeSubjpredAgr
ImposeAttrAgr
ImposeComplAgr
DropSubjPersProns
AddPrepos
AddSubconjs
AddReflexParticles
AddAuxVerbCompoundPassive
AddAuxVerbModal
AddAuxVerbCompoundFuture
AddAuxVerbConditional
AddAuxVerbCompoundPast
AddClausalExpletivePronouns
ResolveVerbs
ProjectClauseNumber
AddParentheses
AddSentFinalPunct
AddSubordClausePunct
AddCoordPunct
AddAppositionPunct
ChooseMlemmaForPersPron
GenerateWordforms
MoveCliticsToWackernagel
DeleteSuperfluousPrepos
DeleteEmptyNouns
VocalizePrepos
CapitalizeSentStart
CapitalizeNamedEntities.
FillTagFromMorphcat
SYNTHESIS TO TEXT:
ConcatenateTokens
ApplySubstitutions
DetokenizeUsingRules
RemoveRepeatedTokens



Combining Dictionaries v

* new general interface (for lemmas and formems)

'_ Sdict->get_translations ($Sinput_label, Sfeatures)
' returns a list of translation variants including probabilities

* OOP style, dictionary constructor can take another
dictionary (or more) as a parameter — hierachy

§

* Four basic types of dictionaries:
Static plain

loaded from a file Jemma — lemma*“

loaded from a file ,lemma,features — lemma“

Derivational | trgnslations derived dynamicaly, input dictionary

combination of more input dictionaries



- Hierarchy of lemma dictionariesw+

Baseline
(CzEng)

Human




- Hierarchy of lemma dictionariesw+

Baseline
(CzEng)




Hierarchy of lemma dictionariesrw

Prefixes
\ Baseline

multi-core — vice-jadrovy (CzEng)
vice-jadro

multi-jadrovy

multi-jadro




k - ‘

"4

1 1 ¢

Hierarchy of lemma dictionaries~-

Prefixes
1 Baseline : ; o
Deadjectival_adverbs (CzEng) water — voda — v y

L’ \ vodni

deaf — hluchy — hluse —» Nouns_to_adjectives
necitlivy — necitlivé




A

"4

1 1 ¢

Hierarchy of lemma dictionaries~-

high-water — vodovy — vysoko-vodovy
vodni — vysoko-vodni

Prefixes
1 Baseline Hyphen_compounds
Deadjectival_adverbs (CzEng)

L" — *

—» Nouns_to_adjectives




Numbers

Suffixes

Prefixes

- ¢

~  Hierarchy of lemma dictionariesr-»

-

T I

- -.

Human

Transliterate

Verbs to_nouns

7

Baseline
(CzEng)

! Deadjectival_adverbl
w

_ﬁ Deverbal_adjectives

Hyphen_compounds

*

Nouns_to_adjectives
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Annotation of Translation Errors "

sample of 250 sentences, 1463 errors in total

/

Type lemma, formeme, gram., w. order,...
Subtype gram: gender, person, tense, ...

Circumstances coordination, named entity, numbers

Source tok, lem, tagger, parser, tecto,
trans, X, syn, ?

SYNTHESIS 3%

errors caused by the assumption
ANALYSIS of t-tree isomorphism 8%
| 30%
TRANSFER

67% other transfer errors 59%

:
i Seriousness serious, minor
:




Results — BLEU vs. Ranks

Rank
human judgement)

60

55

(WMT 2010)

s 1 Goc

g 2: Bojar

_ 3-4: PC Translator
m 5; TectoMT

6: Eurotran

/3-44/Iose
B

O

O

1é 15 {4
BLEU (automatic)

s (uedin)




.

" 4 layers of language description
implemented in Prague Dependency Treebank (PDT)

O
« tectogrammatical layer

! : o O it
f deep-syntactic dependency trees 3 \PRED
& T
- g
L o Q
’ #PersPron i les
ACT o+ | . DIR3
* analytical layer 5
surface-syntactic dependency trees, labeled ?‘:
i edges
k
k  morphological layer o 4
lemma & POS tag for each word T Bl by s do lesa
E VRN E—HA-AA—  We——m  WPYS—XR-Af— FAR—f——  NHIE?——4, 7
% L
R T
 word layer L Byl by g  dolesa .

raw (tokenized) text




f q4|ayers of language descfiption | N

. - Treex
implemented in Prague Dependency Treebank (PDT) |
* tectogrammatical layer _ -
deep-syntactic dependency trees g il
- g )
' - abstraction from many language-specific ) #F‘eﬁfmn . los
phenomena B
| - autosemantic (meaningful) words N
F ~ nodes > //ﬁ .
= Prad ALxK
- functional words (prepositions, auxiliaries) ° 2 1 .
~ attributes A e Ny
| lesa
. - syntactic-semantic relations (dependecies) i i
L ~ edges 5§ o o o © o o J
ToB o s o oea |
- added nodes (e.g. becasue of pro-drop) E o e s ?’

layer

O =
-l
= |
il
-
-
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