" Treex NLP Framework

UFAL (Institute of Formal and Applied Linguistics)
Charles University in Prague

. Martin Popel
| ”
]

October 9" 2013, Prague, NIF Workshop



[ Applications }

multi-purpose
| Backgrounc NLP framework
Treex




Applications

lemmatization machine online named entity r.
| | tagging translation interface coreference
parsing TectoMT Treex::Web alignment
deep parsing SMT preproc.

multi-purpose
NLP framework
Treex



4 Applications: analysis tools \

|

lemmatization | base forms of words (linguistically adequate, finer than stemming)

tagging part-of-speech tags, morphological analysis, disambiguation

' parsing dependency or constituency (phrase-based) trees

deep parsing | tectogrammatical trees, meaning of a sentence
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Applications: TectoMT ‘%

machine
translation
TectoMT

linguistically motivated machine translation

developed since 2005 at UFAL by Zdenék Zabokrtsky et al.

so far only English to Czech

WMT 2012: evaluated as equally good as Moses system

WMT 2013: in combination with Moses better than Google Translate
speed: 0.8 seconds per sentence (after loading models)

parallelization support (SGE with 100 cores, 68 M sentences, 10 days)




Applications: TectoMT

* deep-syntactic (tectogrammatical) transfer i

 translation process divided to more than 140 “blocks"”
' » combining [statistical and | rule based | blocks

ANALYSIS | | SYNTHESIS
tectogramatical layer — ‘ t-layer
(fillformems | (grammatemes) query e ~ (fill morphological categories
~ build t-tree | @lctlonarJ [HMTM] __impose agreement |
" mark edges to contract | 'add functional words |
| analytical layer . . a-layer
| "analytical functions | | | generate
L[parser (McDonald's MST)’ | ‘ ( wordforms ] 5
morphological layer | | m-layer :
_tagger (Morce) _concatenate|

lemmatization |
' tokenization |
'segmentation]

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




MORPHOLOGY:
ResegmentSentences
Tokenize
NormalizeForms
FixTokenization
TagMorce

FixTags

Lemmatize

NAMED ENTITIES:
StanfordNamedEntities
DistinguishPersonalNames
A-LAYER:

MarkChunks

ParseMST
SetlsMemberFromDeprel
RehangConllToPdtStyle
FixNominalGroups
FixlsMember

FixAtree
FixMultiwordPrepAndConj
i FixDicendiVerbs

L SetAfunAuxCPCoord

SetAfun
T-LAYER:
- MarkEdgesToCollapse
b MarkEdgesToCollapseNeg
©  BuildTtree
SetlsMember

MoveAuxFromCoordToMembers

FixTlemmas
SetCoapFunctors
FixEitherOr
FixlsMember
quCIauseHeads

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
TrLFTreeViterbi

Applications: TectoMT

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

ImposeRelPronAgr ,
ImposeSubjpredAgr i
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




@- | @ quest.ms.mff.cuni.cz/treex-web/result/180u77gRxPyo6x00KYX

a3 B~ Google

Treex::Web # Home & Run Treex £ Results Scenarios -

Treex Result

« Go back to all results

Download result & Download all G Run again

Previous 1 2 3| 4|5 6 7

Next

A Logout

f}esl-q'r jazyk neboli ¢estina je zapadoslovansky jazyk, nejvice pfibuzny se slovenstinou, poté polstinou a luZickou srbstinou.

a-free
Zone=cs
ie "
Pred uxk
va.sam\ &
nebaoli jazyk 2
Apos Pnom Apos
Jn ‘ NNIST Z: \
jazyk &esdtina zapadoslovansky nejvice
Sb_Ap Sb_Ap Afr ExD_Ap
NMIST  NNFS1  AAIST Cg
Cesky pribuzny
Atr Atr
AAIST MNMNMS1
se
AuxP
RVY
a
'Coord
Jﬂ \
slovenstinou | poté  poldtinou / srbatinou
Atr Co AuxX Adv  Adv_Co Atr Co
MMNFS7 = Cb MMFET NMNFET7
luZickou
Atr

AAFST

..
t-tree
ZONE=cs
byt.enunc
PRED v:fin
& \
nebaoli jazyk -
APPS x PATn1 APPSx
neboli jazyk 5
jazyk cestina zapadoslovansky  hodné
ACT.membern:1  ACT.membern:1 RSTR adj:atir RSTR.member adv
jazyk &edtina zapadoslovansky nejvice
Eesky pribuzny
RSTR adj:attr ACT n:1
C‘-es-lq.'r pribuzny

a
COMJ x
a

slovenstina poté politina £
ACMP.member nis+7 DIR3 adv ACMP.member ns+7
se slovenstinou | pote s& , pol&tinou

luzicky

RSTR adj:attr

luZickou




Applications: NER

| named entity recognition

» Support for nested named entities (“Jesenik nad Odrou”: city vs. river )
F « Hierarchical classes (g=geographical entity, gr=region, gu=city, gs=street,...)

Eih ﬂoda II'BB !iaw !ﬂﬂﬂ)ﬂ gﬂtl.p ﬂﬂ.) Mode: | TectoMT_TredMacros —-|
AEQOOo+«+4ARRAIEO0IME AW swe: | | tewr
" ana |
Tfi utonulf jsou z Jesenfku nad Odrou na Novojiéinsku a jedna Zena utonula v Novém Ji¢iné-Ziling. J u
A
T

o] @
SCzechN Ou .ro Ou 7 SCzechgred AuxE‘ZEC%t
5 Fesenfk nad Odrou Hmmjiﬁfnskﬂ- ﬂ-:}vﬂiﬁfn gh‘lna |sou f
e v:fin
® -] Q @ '] (o] ] )
u gﬁt Pnom . AuxP ~AuxP Coord utenuly Jesenik Odra utonout
j]esenfk ra utonull  z n a ) 0
% adj:compl n:z+6  rinad+7 v:fin
=] o] o] o] Q o L8]
%P' Adv %H Pred Co tFi Novojicinske  a Zena:ficin
I Jeseniku rou utonula CONJ
n:#?? n:na+6 (ki n:1 nv+6

o o

]
A . .
n"ajxp gena Au xP, jeden naﬂ.nr:«r
| n:?7?? adj:attr
\

AT
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o

Atr | AuxG
Novém -

v|

] [
% Scale: 100% [ L] 1

|Named entity: normalized name=Novojicinsko type=gro (oblast - okoli mésta)
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! PDT layers of Ianguage description x

implemented in Prague Dependency Treebank

« tectogrammatical layer | ) i
| deep-syntactic dependency trees |

e
2, PRED
o
e

ACT o+ | | DIR3

 analytical layer
surface-syntactic dependency
trees, labeled edges

a - layer

 morphological layer
| lemma & POS tag for each word

: LR -
m - layer

.+ word layer
raw (tokenized) text

w

w - layer
-
) -
) -
N -’::I‘-: {4 o
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Byl by Sel dolesa




" PDT Iayérs of language des_cri*btid'n

implemented in Prague Dependency Treebank |

* tectogrammatical layer
deep-syntactic dependency trees

- abstraction from many language-specific

phenomena

- autosemantic (meaningful) words

f’ ~ nhodes

- functional words (prepositions, auxiliaries)
~ attributes

L - syntactic-semantic relations (dependecies)

~ edges

- added nodes (e.g. because of pro-drop)

a - layer t - layer

m - layer

—
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ﬂ Iayérs of Ianguagé description

iImplemented in Treex

 Mostly backward compatible adaptations (adding attributes) i
« formeme (n:2, n:k+3, v:ze+vfin, v:rc, adj:attr) |
’  attributes for clauses, is_passive (— diathesis),...

e
o

All layers stored in one file
A-layer and m-layer merged into one
Two more layers:

* P-layer phrase-structure trees
* N-layer named entities




4 Prague Markup Language k.
B = = s e D

e developed since 2005, used for PDT 2.0 (20006) |
. many similarities with NIF: universal NLP.... |
|« XML-based (no RDF), PML Schema (— Relax NG)
. » special support for trees and roles |
F- one schema for each layer of PDT, one for Treex
'« used in TrEd (tree editor) and PML-TQ (tree query)
- » much less popular than simple CoNLL format

L. e too universal, too complex, only Perl implementation!
' not enough advertising? 4
e standard: format vs. API?
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Czech-English Czech-English treebanks for
deep treebank deep treebank 30 languages

CzEng PCEDT HamleDT




CzEng

(Czech-English treebank)

» automatically parsed deep parallel treebank

"
e 2o W o R 4 € € € ¥
FEO0Oo+ s ARRIGCOITDE with Treex
[cs] Shaw se v duchu na sebe zlobil, Ze nezacal pravé tady.
[en] Shaw cursed himself under his breath for not starting here.
| Node Aftributes o
@ Hide empty values n-tree
B a Structure @ Zone=en
aux.rf Unordered list t—trée
lex.rf a_tree-en-fiction-b1-00train-f00001 a-tree _ °
clause_number 1 Zone=cs zone=cs
farmeme vifar+ger . zlobit_se.enunc Shaw
functar pAT AuxK PRED v:fin i
E gram Structure H se zlobil
deontmaod decl
dispmod disp0
iterativeness it0 Shaw se v, na iZe Shaw duch #PersPron zadit
negation negl Sb AuxT  AuxP AuxP AuxC ACT n:1 LOC n:v+6 DIR3 n:na+4 PAT v:ze+fin
resultative  res0 NMNMS1 P7-X4 RR6 RR4 / 1B Shaw v duchu 13 SeIiry Ze nezacal
sempos \ \ ‘ .
tense nil #PersPron tady
varbmod ind duchu sebe nezadal ACT drop /LOC adv
id t .tree-en-fi:tion-b' -00train-f00001-| Adv Adv AuxX Atr\ .'I tady
- = ~ - ~ NNMSE P6-X4 1 Z: VpYSXRA @
is_clause_head 0 =
detype complex préve
rodetyp comple: tady RHEM adv
D,.I C Adv pravé
t_.Emma start Db
voice prévé R
:.t_)tr::ien AuxZ o curse.enunc
bb t-tree CPEE[; d\.r:fln
'I. cursed Zone=en
¥ Pred :,Q
! VBD\ AUxK Shaw #PersPron” breath
i ¥ Shaw himself under . ACT n:subj PAT n:obj’ LOC n:under+Xx
& Sb obj AuxP Shaw himself"  under breath
| NNP IN
4 PRP breath
Adv #PersPron start
NN APP n:poss PAT v:for+ger
his fory his for not starting
Atr AuxC &
IN )
PRP$ starting h
Afr ere
VBG\ LOC adv
= not here here
Neg Adv
Current File List RB RB
Browse File System




I

.
|

PCEDT

(Prague Czech-English Dependency Treebank)

.
e
iihll
| .ih.-. s

L

l B

 manually parsed deep parallel treebank
e 50 k sentences:; 1.2 M tokens

@ Section: < 04 « 2 File: < 20 ¢, @ Sentence: 3y

pre-annotated
with Treex

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

.. .
ttree---.. a-tree-_
zone=en . Zone=en

were disclosed . VBN

" /disclose .enunc disclosed NP-SB e
PREDw:fin /F’red : : !

o
term #Meg - #Gen #3Gen Terms were n't

PATn:subj RHEMx ACTx ADDR x Sb Aux\ Adv ;’-\uxG
Termmns n't MNMNS | WBD ! RB .

o o
Terms were n't disclosed  *-1 .
NMNS  WBD RB VBN

. %—;

t-tree a-tree
zone=cs zone=cs
zx‘feFejnit zvefejnény .
PREDw:fin _ Pred AuxiK
nebyly zverejnény VSTPXXP 2@
“m \

#PersPron spolecnost #Neg  podminka Podminky nebyly
ACTdrop RHEMx PATRH:1 Sh Aux
Podrminly MNMFP 1 VpTREXRA




HamleDT

-+ 30 manually annotated dependency treebanks
* 30 languages; 400 k sentences; 6 M tokens
 harmonized into a common style (guidelines)

’l

|

i

i
@ G Qe
a-tree a-tree._ a-tree’
zone=ar Zone\=i5\ zone=el

fal

daglis vykresli . * OOKGAKLO .
ExD Pred ™ AuxK AuxG ExD AuxK
NMNFS1---------- VB-5---3P-AA--- Zi--ooooe- 2 NNNP1---------- Z---

1 MNapowkide
Afr Adv Obj Atr Atr
NNXX2---------- PDZS7---mmmme- NNFS4---—-A--— AANPL---------- NNFS2----------

b e

a-tree a-tree &
3 zone=fi zone=la a-tree
zone=ru
K \ \
E.I

sai\ . .
| Pred Auxk Coords,_

(VT T SR ORI . Y | —

matkustajaa surmansa laudamus sequimur HMBBI HYBCTBYHOT
sb Obj Pred_Co Pred_Co ExD_Co ExD_Co
MNNXS¥-—--- NMXS1--3------- VB-P---1P--A--- VB-P---1P--P--- IAC)(P ----------- IVB-P-——BH——-
88 divitias inertiam Bce Hennoxo cebn
Atr Obj Obj Sb Adv Obj
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! Motivation

Goals of Treex
’ e elegant integration of in-house and third-party NLP tools |
* modularity, reusability, cooperation, efficient development |

.« ability to easily modify and add code in a full-fledged
ii programming language (Perl)

 unified object-oriented interface for accessing data
structures




My idea about NIF pipeline

Y
tool

; parse NIF -

: w N

i nput  gp  NIF I
parse NIF
oNE

files | files |-
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|

Input

files |

Treex architecture

/

N

document

\

reader

In-memory document
representation
(OOP API)

N !

A, @ I

block 'document
n writer

YA /’

output
files




’ " Treex architecture a— \

| processing units ;1

* block — elementary processing unit in Treex i

e corresponding to a given NLP subtask
' « one Perl class, saved in one file
e scenario — a sequence of blocks

e saved in plain text files
F  just a list of the blocks' names and their parameters
e application — represents an end-to-end NLP task

» described by a scenario that

'L - starts with a reader (input conversion) 4
o - ends with a writer (output conversion)
* Readers can split the input file into more in-memory docs. 4
 There are readers&writers for a number of popular |

formats: plain text, CoNLL, PDT PML, Penn MRG, Tiger...




Treex architecture
orocessing units

Blocks can be easily substituted with an alternative solution.

by olll? g R e

Scenario 3:

|
i Scenario 1: W
!
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! "~ Treex architecture

rocessing units

Blocks can be easily substituted with an alternative solution. Q

Scenario A Scenario B

W2A::EN: :Segment W2A: :SegmentOnNewlines

W2A::EN: :Tokenize _
W2A::EN::TagLinguaEn

W2A::EN::TagMorce

W2A::EN::Lemmatize W2A::EN::Lemmatize

W2A::EN: :ParseMST W2A::EN: :ParseMalt




? Treex architecture

data units

.« Document 1
| e stored in one file
’ e sequence of sentences

-+ Bundle (“bundle of trees”)

! e corresponds to one sentence

e ZOne

t « one for each language (Arabic, Czech, English,...)

k e and optionally a variant (“selectors” src, trg, ref,...)

R Tree

 layer of language description: A, T (plus P, N)
 m-layer is stored with the a-layer in one tree




ﬂ' ' Treex architecture

data units

DOCUMENT

sentence 1 sentence 2 sentence N
4 BUNDLE N /BUNDLE\ /BUNDLE\
Zone en_src Zone cs_src 1,
' W-layer W-layer ]
Peter does not love Mary. Petr nemiluje Matrii.
M-layer M-layer
® e o o o ® ® ®
Peter do not Ilove Mary Petr milovat Marie
- NNP VBZ RB VBD NNP | NNMS1 VB-S—3P-NA NNFS4 |
A-layer A-layer

l Peter do not love Mary |Petr milovat Marie
Sb AuxV Neg Pred Obj Sb Pred Obj

T-layer T-layer
Peter love Mary Petr milovat Marie
ACT PRED PAT ACT

PRED PAT / N Y. \
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nternals — Design decisions

Perl (wrappers for binaries, Java,...)

Linux (some applications platform-independent)
OOP (Moose)

Open source (GNU GPL for the versioned part)
Neutral w.r.t. methodology (statistical, rule-based)
Multilingual

Open standards (Unicode, XML)




Internals — Components

Data Third-party Tools Visualization \
f_ » models for stochastic tools » Malt parser * TrEd ¢ =
* translation dictionaries » TreeTagger (Tree Editor with Q
* special-purpose lexical « fnTBL, CRF++ SVG and PDF > e
databases export options) T
| ) 2 | | -
_______________________ _/
In-house Tools Treex Blocks Applications \
* taggers, parsers e TagTNT scenarios
* NE recognizers j e ParseMST :> + format conversions SVN
 language models API * MarkPassives <
* machine learning tools g
s
i T T 3
o
1 Treex Core Classes Readers and Writers k>
iﬂ * Treex: :Core: :Document * plain text =1
L * Treex: :Core: :Node ﬁ * HTML & various XML
' e Treex: :Core: :Scenario  corpora PDT, PennTB, EMILLE,
* Treex: :Core: :Block PADT, CoNLL, vertical
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SEnglishM

o o o o
I remembpear the attic
| remeamber the  atfic
PRP VEP OT

o

SCzechM
] &) o
Ten podkrovni  pokojik

podkrovni F.:Jul-mlk

F’D"f"S‘I AAIST

TrEd visualization

o o o o 0 o o
room  as a place of beauty and
room  as a HEGE of beauty - and
MM IM OT M IN MM cC

0 o O 0 o o O

= pamatuju jako  misto . kde  vladla

=) amatovat |jako misto kde  vladnout

P7-Xx3 VB-S- J— NNNS4 Z:— Db—- VpQW-

word alignment on the morphological layer

o o

peace

ﬁeace
Q ] o Q
krasa a mir
krasa a mir .
MMEST  J%—  NNIS4 Fi---




TrEd visualization

word alignment on the tectogrammatical layer

#PersPron
ACT
n:subj
beau eace
REPo RBP o
nzofex nofeX
-
SCzechT

o

o
ten odkrovni misto
RSTR RSTR COMPL
nattr  adjattr n:jako+4
vladnout
STR
v:fin
o
kde
LOC
adwv:




Block example — SVO to SOV code

package Tutorial::Svo2SovSolution;

Treex core
use Moose;

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);

John loves Mary more than cherry.
k } SUBJ VERB OBJECT

return;

John Mary loves more than cherry.
SUBJ OBJECT VERB
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Thank you

Cooperation is welcomed.

;

http://ufal.mff.cuni.cz/treex
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