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What is syntax?

● combining words / tokens / morphemes ...
● rules for doing so (prescriptive vs. descriptive)
● syntactic form vs. syntactic function

(clauses, phrases vs. subject, object etc.)
● a projection of semantics/pragmatics?
● an innate function of the Broca center?
● just another formalism for logical thinking?



   

Why syntax?

Morphology

Syntax

Semantics

Pragmatics
The onion layer hierarchy hypothesis:



   

Syntax as disambiguation pivot

Part of Speech
● conjunctions, relative pronouns
● participle or adjective: chamado - querido - publicado
● noun??: os velhos/desilusionados/outros

o ficarmos aqui no Porto

Syntax

Semantics

Pragmatics



   

Syntax as disambiguation pivot

Part of Speech

Syntax

Semantics

Pragmatics:
word order to mark

question, request etc.

um homem grande - um grande homem
não adianta <vi> - adiantar a noção que <vt>
assente (based??) - assente em (based on) 



   

discrimination, not definition

+HUM

+Move



   

Syntactic annotation styles

● Focus on syntactic form
– Phrase structure grammar (PSG) -> labelled brackets

– Dependency grammar (DG) -> labelled arcs

● Focus on syntactic function
– Constraint grammar (CG) -> dependency pointers

● Focus on semantic function
– Case roles (Filmore)

– Lexical Functional Grammar (LFG)



   

Syntactic models

1. The flat classical model: word function, no form

O meu hipopótamo não come peixe.
                S            A      V      O

● wordbased
● psychologically easy to grasp
● function markers attached to semantically heavy words
● easy to turn into tags:

O article PREN
meu determiner PREN
hipopótamo noun S
não adverb A
come verb V
peixe noun O



   

2. Dependency grammar

● strictly token based (e.g. Tesnière)

– expresses syntactic form as asymmetrical relations (“arcs”) 
between head tokens and dependent tokens

– no zero tokens, no nonterminal nodes

● each dependent is allowed 1 head (exc. secondary arcs)

● directed acyclic graphs

● projective or non-projective (crossing branches / discontinuity)

O meu hipopótamo não come peixe.



   

Dependency grammar annotation

O #1->3
último #2->3
diagnóstico #3->9
elaborado #4->3
por #5->4
a #6->7
Comissão=Nacional=do=RMG #7->5
não #8->9
deixa #9->0 ROOT
dúvidas #10->9

O <id=1> <head=3>
último <id=2> <head=3>
diagnóstico <id=3> <head=9>
elaborado <id=4> <head=3>
por <id=5> <head=4>
a <id=6> <head=7>
Comissão=Nacional=do=RMG <id=8> <head=5>
não <id=8> <head=9>
deixa <id=9> <head=0> ROOT
dúvidas <id=10><head=9>



   

Dependency grammar as trees

deixa

diagnóstico não dúvidas

O último elaborado

por

Comissão Nacional do RMG

a



   

Dependency grammar with brackets
“a la PSG”, e.g. TIGER

● Penn-style:

[V  come [N hipopótamo [ART o][DET meu]] [A não] [N peixe]]

● Vertical:

[V  come 
[N hipopótamo 

[ART o]
[DET meu]

] 
[A não]
[N peixe]

]



   

3. Constituent Grammar
● hierarchical word grouping with non-terminals (e.g. Chomsky)

● syntactic form, no (or implicit) function

● expressed by rewriting rules, where a nont-terminal node is rewritten as a 
sequence of non-terminals and terminals (words or word classes)

s -> np vp
np -> art n
vp -> v np

acredito

não come peixe

o meu hipopótamo

que

Pure Constituent Grammar: 



   

Classical PSG with phrase labels

V
|

deixa
N
|

diagnóstico

ADV
|

não

N
|

dúvidas
ART

|
O

ADJ
|

último

V-PCP
|

elaborado
PRP

|
por

PROP
|

Comissão Nacional do RMG

ART
|
a

NP

PCL

PP

NP

S

(VP)



   

PSG annotation 
● Penn Treebank bracketing: Labeling opening brackets

– [NP A minha irmã] [VP não fala [PP com [NP as amigas]]] 
● SUSANNE Treebank bracketing: Labeling all brackets (cf. EAGLES)

– [NP A minha irmã NP] [VP não fala [PP com [NP as amigas NP] PP] VP] 
● Vertical indented (her with part of speech on one line):

– [NP 
[Art A] 
[Det minha] 
[N irmã] 

NP] 
[VP 

[Adv não] 
[V fala] 
[PP 

[Prp com] 
[NP 

[Art as] 
[N amigas]

 NP] 
PP] 

VP]



   

Adding function:
● Dependency Grammar with function: adding function 

(“edge labelse”) to dependency arcs

deixa

diagnóstico não dúvidas

O último elaborado

por

Comissão Nacional do RMG

a
DN

DP

PASS

DN DN DN

S
fA Od



   

● Constituent Grammar with function:
– NEGRA, TIGER: cat labels (mother) vs. edge label (daughter



   

● Constituent Grammar with function:
– VISL (function:form labels for each node)

S:g

 D:art  H:n     D:n
  o  governo Cardoso

STA:cl

H:prp
com

A:g

D:g

 D:art   H:n
   a      crise

P:v
crescia

STA:cl
S:np
=DN:art O
=H:n governo
=DN:prop Cardoso
P:v-fin
A:pp
=H:prp com
=DP:np
==DN:art a
==H:n crise

Vertical Notation:

Graphical Notation:



   

PSG (Chomsky) DG (Tesnière, Melcuk)

Definite Clause Grammar (DCG)  Prolog
TransformationalGenerative Grammar (TGG)
HeadDriven Phrase Structure Grammar (HPSG) Functional
Unification Grammar (FUG),
Lexical Functional Grammar (LFG)
Tree Adjoining Grammar (TAG)  Arvid Joshi
AGFL
 ... 
Functional Grammar (FG)  Simon Dik
Systemic Functional Grammar (SFG)  Halliday

Constraint Grammar (CG)
Functional Dependency Grammar (FDG) 
Topological Dependency Grammar (TDG)
Extensible Dependency Grammar (XDG)
Link Grammar (DH symmetry)
Dependency Grammar Annotator (DGA)

constituent based structure token based structure

explanatorylinguistic perspective
generative tradition: parsers

descriptiveapplicational perspective
analytical tradition: taggers

(labeled) brackets (labeled) arcs

rewriting rules attachment rules

originally fixed word order languages
● English, French

originally free word order languages
● Slavonic languages, Finnish, German

Problems: Discontinuity, free word order Problems: Coordination, ellipsis

declarative programming procedural programming

linguistwritten: AGFL, HPSG, VISLPSG, PATR, XTAG, ...
machinelearned: PCFG e.g. Viterbi,
Collins, Bikel

linguistwritten: ENGCG, GERCG (Lingsoft), Machinese parsers
(Conexor), VISL parsers
machinelearned: MALT, Matsumoto, MSTParser,



   

Constituent treebanks Dependency treebanks

English Penn I & II, Susanne Corpus, 
TOSCA Lancater/IBM treebank (Spoken E.)

English Dependency Treebank
and The PARC 700 Dependency Bank and CHILDES (Brown)

Arabic Penn Arabic Treebank PDTArabic (Smrž et.al. 2002 )

Basque Eus3LB

Bulgarian BulTreeBank(Simov et.al. 2005) HPSG >

Catalan Cat3LB

Chinese Penn Chinese Treebank Sinica Treebank(Chen et.al. 2003)

Czech PDT (Hajič et.al. 2001)

Danish Arboretum (Bick 2003) Arboretum (Bick 2003), Danish Dependency Treebank (Kromann 2003)

Dutch Corpus Gresproken Nederlands Alpino Treebank (van der Beek et.al. 2002)

Estonian Arborest

French IBM Paris Treebank, Abeillé Treebank, L'Arboratoire

German NEGRA, TIGER Treebank (Brants et.al 2002), 
TueBaD/S (spoken, +topology), TueBaD/Z (written)

> 

Greek Greek Dependency Treebank

Hebrew Hebrew Treebank (a la Penn)

Hungarian (project: Hungarian treebank)

Italian VIT  Venice Italian Treebank Turin University Treebank (Bosco et.al.)

Japanese VERBMOBIL  (Kawata and Bartels 2000) ATR Dependency corpus (Lepage et.al.)

Korean (project: Korean Treebank)

Norwegian (project: TREPIL Norwegian treebank)

Polish (HPSG test suite treebank)

Portuguese Floresta Sintá(c)tica (Afonso et.al. 2002) >

Slovene Slovene Dependency Treebank (Džerosky et.al. 2006)



   

4. Constraint Grammar (CG)

● CG as a descriptive paradigm
– function-first approach with token-based function tags

– Classic CG: shallow depedency (attachment direction, 
head type)

– depth and constituents only implicitly marked

O @>N (pointer to head type: N)

meu @>N

hipopótamo @SUBJ> (direction pointer without head type)

não @ADVL>

come @FMV (top node)

peixe @<ACC



   

Adding full numbered dependency

O <artd> DET M S @>N #1->3
último      ADJ M S @>N #2->3
diagnóstico N M S @SUBJ> #3->9
elaborado V PCP2 M S @ICL-N< #4->3
por           PRP @<PASS #5->4
a <artd>  DET F S @>N #6->7
Comissão=Nacional PROP F S @P< #7->5
não          ADV @ADVL> #8->9
deixa       V PR 3S @FMV #9->0
dúvidas   N F P @<ACC #10->9
$. #11->0

● Integrated formalism: FDG
● Add-on attachment rules: PALAVRAS

@<ACC > (<mv>) IF (L)
@SUBJ> > (VFIN) IF (R) BARRIER:(@FS)
<nplong> > (N,PROP,PERS,INDP,¤NPHEAD) 

IF (L) HEADCHILD=(<npclose>)



   

Taggers and parsers for Portuguese
● PALAVRAS: CG-based robust DG & PSG parser 

http://visl.hum.sdu.dk/itwebsite/port/portgram.html (Bick 2000)

● Curupira: Robust syntactic parser, based on ranked and constrained ReGra PSG rewriting rules 
http://www.nilc.icmc.usp.br/nilc/tools/curupira.html (Martins, Hasegawa & Nunes 2002)

● QTAG-based PoS-tagger for Brazilian Portuguese, trained on 500M words, Precision =93% 
http://lael.pucsp.br/corpora/etiquetagem/ (Sardinha & Lima-Lopes)

● FreP - Phonlological analysis at the word level and below 
http://www.fl.ul.pt/LaboratorioFonetica/frep/

● GojolParser http://www.linguateca.pt/Repositorio/GojolParser.txt, DG & PSG, commercial, calls 
itself the best (error rate < 1%)

● Hermes - Tokenizer and PoS tagger http://hermes.sourceforge.net/hermesweb.html (FURG, 
open source)

● jspell - morphological analyzer http://natura.di.uminho.pt/natura/natura?&topic=jspell (Projecto 
Natura - U.Minho, Linguateca ...)

● LX-Suite - lemmatizer and PoS tagger, parser (LX-Gram planned for syntax - 
http://lxsuite.di.fc.ul.pt/ (NLX group, University of Lisbon)

● PoSiTagger - symbolic PoS tagger http://www.nilc.icmc.usp.br/nilc/projects/mestradorachel.html 
(Aires & Aluísio 2000)

● TreeTagger - a language independent PoS tagger (Schmid & Stein) 
http://www.ims.uni-stuttgart.de/projekte/corplex/TreeTagger/DecisionTreeTagger.html, trained 
for Portuguese http://gramatica.usc.es/~gamallo/tagger.htm (Pablo Gamallo)

● Xerox PoS tagger - twol with HMM-disambiguation
http://www.xrce.xerox.com/competencies/content-analysis/demos/portuguese

http://visl.hum.sdu.dk/itwebsite/port/portgram.html
http://www.nilc.icmc.usp.br/nilc/tools/curupira.html
http://lael.pucsp.br/corpora/etiquetagem/
http://www.fl.ul.pt/LaboratorioFonetica/frep/
http://www.linguateca.pt/Repositorio/GojolParser.txt
http://hermes.sourceforge.net/hermesweb.html
http://natura.di.uminho.pt/natura/natura?&topic=jspell
http://lxsuite.di.fc.ul.pt/
http://www.nilc.icmc.usp.br/nilc/projects/mestradorachel.html
http://www.ims.uni-stuttgart.de/projekte/corplex/TreeTagger/DecisionTreeTagger.html
http://gramatica.usc.es/~gamallo/tagger.htm
http://www.xrce.xerox.com/competencies/content-analysis/demos/portuguese


   

PALAVRAS

Preprocessing

Morphological analysis

CG-disambiguation
PoS/morph

CG-syntax

NER
semantic disamb.

PSG grammar
Dependency

grammarTreebanks

CG corpora

Inflexion lexicon
70.000 lexemes

Valency potential

Semantic 
prototypes

Raw text



   

● CG as a methodological paradigm
– reductionist: focus on disambiguation, 

constraints as to what is not allowed in a given context

– progressive level annotation: same method and tag-
based annotation for ever higher linguistic levels

● lexicon 
● morphology (“Analyzer”, “multitagger”, cohorts)
● PoS disambiguation (“tagger”)
● syntactic potential/mapping 
● syntactic disambiguation (“parser”, PALAVRAS syntax)
● precise attachment (dependency or constituent structure) 
● case roles, clause bounderies, semantic classes, valency 

instantiation, anaphora resolution, discourse markers ....
--> add your own module!

– services many different NLP applications:
Corpus research, MT, teaching, spellchecking, QA ...



   

A Constraint Grammar rules file

DELIMITERS (1 line, defines sentence boundaries)
DELIMITERS = “<.>” “<!>” "<?>" ;

SETS (1 or more sections of set definitions)
LIST NLOC = <inst> <L> <Lh> <Lciv> <Lwater> <Lpath> <build> <BB>  ;
LIST PROPLOC = <top> <civ> <inst>
SET N/PROPLOC = NLOC OR PROPLOC

MAPPINGS (adding new tags, e.g. syntax)
MAP (@SUBJ>) TARGET N/PROP (*1 >>> BARRIER NONPREN) (1C VFIN)
MAP (%TOPPL) TARGET ("em") IF (0 @ADVL) (*1 @P< LINK 0 N/PROPLOC) ;

CORRECTIONS (replacing tags anywhere in a reading)
SUBSTITUTE (TAG1) (TAG2) TARGET (TAG3) IF (Context1) .. (Context2)

CONSTRAINTS (1 or more sections of REMOVE or SELECT rules, with 
each section compiled and run seperately)
REMOVE (VFIN) (*1C CLBWORD) (*1C VFIN BARRIER CLB OR KC)
SELECT (N) (1 (<artd>)) (1 (<KOMP>)) (2 (ADJ) OR (PCP)) ;



   

Applications for a syntactic parser

● Corpus annotation (Wednesday)

– Linguistic research: Examples, statistics, comparative

– Teaching: Empirical approach, language awareness

– Revised data (Treebanks): machine learning

● NER (tomorrow)

– Name chain recognition, e.g. PP @N< in institution names

– semantic type inheritance from nouns (@APP, @SC)

– Semantic type projection from valency slots (e.g. +HUM 
subject condition, +HUM attributes)



   

Teaching: e.g. VISL tools

1. TextPainter



   

2. Interactive syntactic tree building



   



   

3. KillerFiller:
Automatic corpus-based slot-filler exercises



   

Question-answering systems (EPIA2003):
better question-typing

QUE:fcl 

=ADVL:adv('quando' <interr>)Quando
[=FOC:adv('é=que') foi=que]

=P:v-fin('nascer' PS 3S IND) nasceu

=SUBJ:prop('Balladur' <hum> M/F S) Balladur
=?

From this information the system fills in a number of variables:

question pattern (AtempPS)
interrogative constituent: Qword ("quando"), Qfunction ("ADVL")
predicator information: Pbase ("nascer"), Ptense ("PS")
search point constituent: Sstring ("Balladur"), Sfunction ("SUBJ"), Shead ("Balladur")



   

Hit sentence: Balladur nasceu em Esmirna (Turquia), em 1929, e 
formou-se na Escola Nacional de Administração, de onde saiu a elite 
da função pública francesa.

STA:cu 
CJT:fcl 
=SUBJ:prop('Balladur' <hum> M/F S) Balladur
=P:v-fin('nascer' PS 3S IND) nasceu
=ADVL:pp 
==H:prp('em') em
==P<:np 
===H:prop('Esmirna' <civ> M S) Esmirna
===( 
====N<PRED:prop('Turquia' <civ> F S) Turquia
===) 
=,
=ADVL:pp 
==H:prp('em') em
==P<:num('1929' <date> <card> M S) 1929
=,



   

syntactic analysis permits to extract more implicit knowledge, e.g. ISA relations 
from appositions, predicatives and relative clauses: 

1. Onde é/fica Smirna

2. Quando Rakhmonov derrubou o governo? 

A guerra civil no Tadjiquistão, que fez mais de 50 mortos, começou em 1992, 
quando as forças do neo-comunista Rakhmonov derrubaram o governo dos 
islamistas ...

SUBJ:np
=H:n(<HH>) forças
=N<:pp
==H:prp de
==P<:np
===>N:art o
===H:n(<hum>) neo-comunista
===N<:prop(<hum>) Rakhmonov

● (a) name-np-flattening: post-nominal or appositive names are substituted 
for the np, whose head they are dependent of: O neo-comunista Rakhmonov 
-> Rakhmonov

● (b) toto-pro-pars: semantic heads of postnominal de-pp's are substituted for 
the pp: as forças de Rakhmonov -> as forças Rakhmonov

Apply a - b - a



   

Spell Checking: e.g. OrdRet

● Beyond list checking: marking “real” words as wrong in-
context, e.g. infinitive vs. finite verb, number or gender 
agreement errors between subject, verb and/or predicative

han kunne ikke finder nøglen -> finde
(he could not finds the key)

● weighting correction suggestions (very important for dyslexics 
and other bad readers):  syntactically/contextually ones first

det rejner (it rains)
-> 1. regner (V PR: rains)

2. rejer (N P: shrimps)
3. rener (N P), 4. regne (INF), 5. rene (ADJ) ...

● marking structural errors, e.g. SV inversion, object order 
i går det regnede en del (yesterday it rained a lot)
-> i går regnede det en del



   

Machine Translation: 
Polysemy resolution, Lexical transfer

udsætte_V 
● {opsætte} :postpone, :put=off;
● D=(@ACC) D=("for")_to :expose;
● D=(<prize> @ACC) :offer;
● S=(INF) M=(<quant>) :criticize;
● D=("vagt")_sentry :post;
● D=(<Vwater> @ACC) :put=out;
● D=("lejer" @ACC) :evict;



   

Machine Translation:
Movement rules, Structural transfer

● I dag @ADVL  drikker @FMV vi @SUBJ vin @ACC  
Today we drink wine

● (@ADVL|@ACC|@FSADVL|@FSACC|@>>P), I_dag
 w(@FMV|@FAUX|@FS[^Q]+), drikker

w(@ICLAUX<)?, 
w(@ADVL)?,

(@SUBJ|@FSUBJ|@SSUBJ) vi
> 1, 5, 2, 3, 4



   

How to use the MT system: 
e.g. Weather forecasts for tourists

DanGram

Dan2eng

Tale Tekst

Text Speech

C
G

I re
m

o
te

 U
I

S
p
e
e
ch

2
 T

e
x
t

T
e
x
t 2

 S
p
e
e
ch

C
G
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m

o
te

 U
I

DMI weather
information in

Danish



   

A user-friendly Corpus interface



   

Simple text searches: fx. eg. composita



   

Menu based category search



   

Output: "raw" concordance



   

Sortering and statistics



   

imperatives
animal 

expressions



   

CORPUS EXERCISE TASKS (e.g. http://corp.hum.sdu.dk):

General familiarity with corpus searches:

● Regular expressions:

 Find the longest Portuguese word!

 Find words with anti (with or without hyphen?)

● Lexicography:

 Aids, aids, Sida, sida  what is “normal”, and where? Frequency?

 Empirical gender of: personagem (a/uma @>N personagem vs. o/um @>N personagem)

● Syntax:

 Find subjects to the right of their verbs! Are certain verbs more likely to occur in these
constructions than others?

 Find a noun phrase with as many dependents as possible (Cqp or treebank)

● Find a relative clause within a relative clause! (DN+fcl << (DN+fcl << (DN+fcl << DN+fcl))

● Semantics:

 Find male/femaltypical nouns: N de @N< ele/ela @P< (Brazilian data: folha!)

 Find time adverbs and other time expressions and classify them! (high level task)

 Find profession nouns, using different methods (suffix, context, special tags: Hprof in Público)


