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• Stanley Kubrick, Space Odyssey 2001, 

1968.
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Is such a dialogue possible today?

• HAL is an artificial agent capable to apply the 

advanced NLP and AI techiques
– speech and language

– recognition and generation

– understanding

– information retrieval and extraction

– reasoning

– visual processing (lips reading, paralinguistic 

systems used in face-to-face interaction)

• Was Arhur Clarke too optimistic with 2001?
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What do we need for such a dialogue?

• “There is no data like more data!”

• Big Data revolution
– only with the rise in use of “unstructured data”

– texts are considered as “unstructured data”

– linguists say: “NO! A lot of structure in text”
• text structure (headings, paragraphs, emphasis...)

• structure of language expressions used in text

• ancient example: document retrieval
– TF/IDF used to measure document relevancy for 

a given query

– computational methods alone came to a ceiling
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Basic concepts

• Computational Linguistics (CL)

• Natural Language Processing (NLP)

• Language Technologies (LT)

• difference between CL & NLP
– linguists: Computational Linguistics

• using computers in lingustic description (modelling)

• aim: better description of language facts

– informaticians: Natural Language Processing
• using computers in processing language data

• type of text processing

• aim: efficiently process more (language) data with less 

computational resources usedUniversity of Zagreb
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Language Technologies (LT)

• linguistics = unique between humanities
– research methods could be like in natural 

sciences

– usage of scientific knowledge in making products

– a lot of (commercial) products of LT exist already

• technology = “set of methods and procedures 

for processing of raw matter into products” 

(Croatian Lexicon, LZMK, 1996)

• raw matter and product in LT?
– raw matter: language data

– product: systems that enable simple(r) usage of L 

in computational environment
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Language Technologies 2

• Language Resources (LR)
– language data

• raw text

• structured (using markup Ls or predefined fixed format)

– in the form of
• corpora or text/document collections

• dictionaries or lexical/terminological collections/databases
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Language Technologies 3

• Language Tools (Lt)
– programs that process LR

– inherit the stratification at different language levels
• morphology

• syntax

• semantics

• more complex tools that combines several levels

• Language Services (LS)
– generalized/specialized LR/Lt accessible on-line

– usually as web services (REST/SOAP protocols)

– used by humans and computers (APIs)
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Language Technologies 4

• (commercial) products
– checkers (spelling, grammar, style)

– digital dictionaries (on-/off-line)

– automatic indexing systems

– summarisation systems

– text to speech (TTS) & automatic speech 

recognition (ASR) systems

– machine (aided) translation systems (MT, MAT)

– computer aided language learning systems 

(CALL)
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Corpus annotation

• corpus linguistics introduced corpus 

annotation on different language levels
– in your case text annotation

• annotation
– adding interpretations to the existing L units

– inherent linguistic information turned into explicit 

data

– becomes searchable

– computer usability of text grows with the amount 

of annotation added
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Corpus annotation 2

• storing of annotations
– embedded in text (intermixed)

– stand-off (separated)

• non-linguistic annotation
– marking elements of the text structure:

headings, titles, captions, bylines, signatures etc.

• linguistic annotation
– takes into account language units and levels

– segmentation: sentences, clauses, words (tokens)

– tagging: adding of linguistic description to 

segmented language units
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Corpus annotation: morphology

• part of speech tagging (PoS-tagging)
– adding information about the PoS to each token in 

corpus, e.g. noun, verb, adjective etc.

• tagset = list of possible PoS in a given L
– structure & cardinality: depends on L complexity 

and tagset design

– initiatives for
• Google universal PoS tagset 

(https://github.com/slavpetrov/universal-pos-tags) or

• Universal Tagset (http://ckirov.github.io/UniMorph)

• taggers
– programs that provide automatical tagging

– precision around 98.8%
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Corpus annotation: morphology 2

For_IF the_AT members_NN2 of_IO this_DD1 

university_NN1 this_DD1 charter_NN1 enshrines_VVZ 

a_AT1 victorious_JJ principle_NN1 ;_; and_CC the_AT 

fruits_NN2 of_IO that_DD1 victory_NN1 can_VM 

immediately_RR be_VBI seen_VVN in_II the_AT 

international_JJ community_NNJ of_IO scholars_NN2 

that_CST has_VHZ graduated_VVN here_RL today_RT ._.

NN1 singular common noun

NN2 plural common noun

NP singular proper noun

NP$ genitive proper noun

PP$ possesive pronoun

RP adverbial particle

VBD past tense form of lexical verb

VBN past participle of lexical verb...
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Corpus annotation: morphology 3

• lemmatisation
– adding information about the lemma to each token 

in corpus/text
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Corpus annotation: morphology 3

• lemmatisation
– adding information about the lemma to each token 

in corpus/text

• lemma
– basic word-form

– particularly useful for inflectionally rich languages

– helps avoiding data sparsness problem and 

downgrading in statistical approaches

– precision around 98.5%

• disambiguation procedures
– needed to resolve the homography
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Corpus annotation: morphology 4

<seg lang="sl">

<w lemma="do">Do</w>

<w lemma="let letati leto">leta</w>

<w type=dig>2008</w>

<w lemma="se">se</w>

<w lemma="pričakovati">pričakuje</w>

<c>,</c>

<w lemma="da dati">da</w>

<w lemma="biti">bo</w>

<w lemma="odpravljen odpraviti">odpravljen</w>

<w lemma="bistven">bistveni</w>

<w lemma="del delo deti">del</w>

<w lemma="tradicionalen">tradicionalnih</w>

<w lemma="problem">problemov</w>

<w lemma="onesnaženost">onesnaženosti</w>
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Corpus annotation: morphology 5

• morpho-syntactic tagging (MSD-tagging)
– adding the morphosyntactic description (MSD) to 

each token in corpus

– needed in parsing of languages with rich inflection

– MSD categories and their values encode the 

syntactic roles, e.g. usually nouns in
• nominatives = subjects, accusatives = direct objects, 

datives = indirect objects, instrumentals = instruments...

• tagsets
– structure & cardinality: depends on L complexity 

and tagset design

– precision around 92.5%University of Zagreb
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Corpus annotation: morphology 7

Njemački njemački Afpmpny njemački Afpmpvy njemački

tužitelji tužitelj Ncmpn tužitelj Ncmpv

kod kod Ncmsa--n kod Ncmsn kod Spsg

Bajića Bajić Np-pg Bajić Np-sa Bajić Np

ZAGREB Zagreb Npmsa--n Zagreb Npmsn

- - Z

Glavni glavni Afpmpn- glavni Afpmpvy glavni Afpmsay

državni državan Afpmpn- državan Afpmpvy državan Afpmsay

odvjetnik odvjetnik Ncmsn

trebao trebati Vmps-sma

bi biti1 Vcia2s biti1 Vcia3p biti1 Vcia3s

ovaj ovaj Pd-msa--n-a-n ovaj Pd-msn--n-a--

tjedan tjedan Ncmsa--n tjedan Ncmsn

u u Spsa u Spsg u Spsl

posjet posjet Ncmsa--n posjet Ncmsn

primiti primiti Vmn

njemačke njemački Afpfpay njemački Afpfpny njemački

državne državan Afpfpa- državan Afpfpn- državan Afpfpvy

odvjetnike odvjetnik Ncmpa

koji koji Pi-mpn--n-a-- koji Pi-msa--n-a-n koji Pi

rade rad Ncmpa rad Ncmsv raditi Vmip3p
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Corpus annotation: morphology 8

Njemački njemački Afpmpny

tužitelji tužitelj Ncmpn

kod kod Spsg

Bajića Bajić Np-sg

ZAGREB Zagreb Npmsn

- - Z

Glavni glavni Afpmsny

državni državan Afpmsny

odvjetnik odvjetnik Ncmsn

trebao trebati Vmps-sma

bi biti1 Vcia3s

ovaj ovaj Pd-msn--n-a--

tjedan tjedan Ncmsn

u u Spsa

posjet posjet Ncmsa--n

primiti primiti Vmn

njemačke njemački Afpmpay

državne državan Afpmpa-

odvjetnike odvjetnik Ncmpa

koji koji Pi-mpn--n-a--

rade raditi Vmip3p
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Corpus annotation: syntax

• analysis
– manual: today only for training datasets

– automatic
• parsers = programs that syntactically analyse clauses 

and sentences
– shallow/deep/robust

– left-branching/right-branching

• tree-banks
– corpora with inserted syntactic annotation

– training material for stat. parsers (ML approaches)

• two main formalisms
– constituency parsing vs. dependency parsingUniversity of Zagreb
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Corpus annotation: syntax 2
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• constituency parsing



Corpus annotation: syntax 3
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• dependency parsing



Corpus annotation: syntax 4
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• surface vs. deep parsing

• e.g. Prague Tectogrammar
– Daneš, Sgall, Hajičova, Hajič

– Prague Dependency

Treebank (PDT v2.0)

– 2 main syntactic levels
• analytical (a-layer)

• tectogrammatical (t-layer,

i.e. semantic roles)

• approach useful for Ls with

free word order



Corpus annotation: syntax 5
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Corpus annotation: syntax 6

1 Lujo Lujo N N PERSON 5 Sb _ _

2 danas danas R R O 5 Adv _ _

3 u u S S O 5 AuxP _ _

4 Dubrovniku Dubrovnik N N LOCATION 3 Adv _ _

5 predstavlja predstavljati V V O 0 Pred _ _

6 jezične jezičan A A O 7 Atr _ _

7 tehnologije tehnologija N N O 5 Obj _ _

8 . . Z Z O 0 AuxK _ _
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Corpus annotation: syntax 7
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• Universal dependencies initiative
– cross-L consistent syntactic annotation

– for 48 languages

– facilitating
• multilingual parser development

• cross-L learning & cross-L retrieval

• parsing research

– http://universaldependencies.org



Corpus annotation: syntax 8
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• local grammars (shallow parsing)
– detection of classes of words and/or phrases

– chunks = unrecursive clause parts

– particular type of expressions
• temporal

• spatial...

– useful for Information Extraction, text-mining…

– could be also used for detecting
• multiword expressions (MWEs)

• e.g. SWE vs. MWE
– carrier vs. aircraft carrier

– take vs. take off



Corpus annotation: syntax 8
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• NERC
– Named Entities Recognition and Classification

– 7 types of named entities (following MUC1997)
• person

• location

• organisation

• date

• time

• value (money, measurements)

• percentage

– more NEs added later
• geopolitical entities (e.g. EU, NATO, EEA,...)

• protein, gene, drug, desease, species names...



Corpus annotation: syntax 7
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Corpus annotation: syntax 9

<BODY>

<DIV0 type="MAIN">

<HEAD type="NA">Nagrada zagrebačkim gitaristima</HEAD>

<P><ENAMEX TYPE="ORGANIZATION">Zagrebački gitaristički kvartet</ENAMEX> osvojio 

je prvu nagradu na <ENAMEX TYPE="ORGANIZATION">Međunarodnome gitarističkom 

natjecanju Simone Salmaso</ENAMEX> u <ENAMEX TYPE="LOCATION">Viareggiu</ENAMEX> 

u konkurenciji 14 komornih sastava (u kategoriji D). Prvo mjesto je kao solist 

osvojio i član toga renomiranoga zagrebačkog sastava <ENAMEX 

TYPE="PERSON">Darko Pelužan</ENAMEX> u konkurenciji 30 gitarista (u kategoriji 

C). Članovi <ENAMEX TYPE="ORGANIZATION">Zagrebačkoga gitarističkog 

kvarteta</ENAMEX> (koji je 1990. osnovao profesor <ENAMEX TYPE="PERSON">Ante 

Čagalj</ENAMEX>, pretežno od studenata gitare) sada su još <ENAMEX 

TYPE="PERSON">Mihaela Pažulinec</ENAMEX>, <ENAMEX TYPE="PERSON">Krunoslav 

Pehar</ENAMEX> i <ENAMEX TYPE="PERSON">Melita Ivković</ENAMEX>. To nije prvi 

put da <ENAMEX TYPE="ORGANIZATION">Zagrebački gitaristički kvartet</ENAMEX> 

osvaja prvu nagradu na nekome međunarodnom natjecanju u <ENAMEX 

TYPE="LOCATION">Italiji</ENAMEX>: pobijedio je i prije dvije godine u <ENAMEX 

TYPE="LOCATION">Tarantu</ENAMEX> na 6. međunarodnom natjecanju <ENAMEX 

TYPE="ORGANIZATION">Trofeo Kawai</ENAMEX>.</P>

<BYLINE>(<ENAMEX TYPE="ORGANIZATION">Večernji list</ENAMEX>)</BYLINE>

</DIV0>

</BODY>
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Corpus annotation: semantics
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• lexical semantics
– annotation of word senses, i.e. the meaning that 

has realised with a particular token (SWE or 

MWE)

– incl. synonyms/hyponyms

– mapping of SWE/MWE to a conceptual space
• WordNet (1990), Babelnet, Cyc-ontology, 

Wikipedia/DBpedia, LOD universe...

• sentential semantics
– semantic roles labelling (SRL)

– detecting the roles that a predicate in clause 

opens
• e.g. agent, patient, beneficiary, instrument...



Corpus annotation: semantics 2

<contextfile concordance=brown1>
<context filename=br-j30 paras=yes>
<p pnum=1>
<s snum=1>
<wf cmd=done pos=NN lemma=analysis wnsn=1 lexsn=1:04:00::>Analysis</wf>
<wf cmd=done pos=VB lemma=mean wnsn=1 lexsn=2:32:01::>means</wf>
<wf cmd=ignore pos=DT>the</wf>
<wf cmd=done pos=NN lemma=evaluation wnsn=1 lexsn=1:04:00::>evaluation</wf>
<wf cmd=ignore pos=IN>of</wf>
<wf cmd=done pos=NN lemma=subpart wnsn=1 lexsn=1:24:00::>subparts</wf>
<punc>,</punc>
<wf cmd=ignore pos=DT>the</wf>
<wf cmd=done pos=JJ lemma=comparative wnsn=2 lexsn=5:00:00:relative:00>comparative</wf>
<wf cmd=done pos=NN lemma=rating wnsn=3 lexsn=1:26:00::>ratings</wf>
<wf cmd=ignore pos=IN>of</wf>
<wf cmd=done pos=NN lemma=part wnsn=5 lexsn=1:09:00::>parts</wf>
<punc>,</punc>
<wf cmd=ignore pos=DT>the</wf>
<wf cmd=done pos=NN lemma=comprehension wnsn=1 lexsn=1:09:00::>comprehension</wf>
<wf cmd=ignore pos=IN>of</wf>
<wf cmd=ignore pos=DT>the</wf>
<wf cmd=done pos=NN lemma=meaning wnsn=2 lexsn=1:09:00::>meaning</wf>
<wf cmd=ignore pos=IN>of</wf>
<wf cmd=done pos=JJ lemma=isolated wnsn=3 lexsn=5:00:01:separate:00>isolated</wf>
<wf cmd=done pos=NN lemma=element wnsn=1 lexsn=1:09:00::>elements</wf>
<punc>.</punc>
</s>
<s snum=2>
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Corpus annotation: semantics
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• Wordnets
– Princeton Wordnet

• http://wordnet.princeton.edu

– Global Wordnet Association
• http://globalwordnet.org

• list of wordnets

– Open Multilingual Wordnet
• http://compling.hss.ntu.edu.sg/omw/

– Universal Wordnet
• http://www.mpi-inf.mpg.de/yago-naga/uwn/

• over 1.5 Mwords, 200 Ls

• Babelnet: http://babelnet.org



Corpus annotation: semantics 3
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More complex useful LT tasks
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• Language Identification
– recognizing the language of a text

• Sentiment Analysis
– detection of the attitude of writer towards the topic 

s/he is conveying or in comments

• Q/A systems
– systems that find answers on questions from a 

given collection of documents/facts/ontologies...

– e.g. IBM Watson winner in the Jeopardy in 2013

• Machine Translation
– systems that translate from one natural language 

into another



XLike linguistic processing pipelines

 XLike project (http://xlike.org) combined scientific 

capabilities and insights from several areas of science

 computational linguistics (LT)

 machine learning

 text mining

 semantic technologies

in order to enable cross-lingual text

“understanding” by machines

 goals of XLike WP2

 develop tools to extract entities and relations found in 

documents

 for multiple

 languages, domains, language registers (standard vs. non-

standard)

 a solid LT foundation used throughout the project

6th ESWC 
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XLike linguistic processing pipelines

 entry module: automatic language identification

 7 pipelines for each of XLike languages

 sentence splitting

 tokenization

 lemmatization

 POS/MSD-tagging

 NERC

 dependency parsing

 semantic role labelling

 pipelines function as web services

 languages covered

 English, Spanish, German, Chinese, Catalan, Slovene, 

Croatian6th ESWC 

Summer 

School,

Dubrovnik

2016-09-06



XLike linguistic processing pipelines
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XLike linguistic processing pipelines

 starting from

 “Unesco is now holding its biennial meeting in Paris to 

devise its next projects.”

 at the end we want to come to
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XLike linguistic processing pipelines

 five types of target extraction elements

 Tokens (requires tokenization)

 Lemmas (requires lemmatization and PoS tagging)

 Syntactic Triples (requires syntactic parsing)

 Semantic Triples (requires semantic role labeling)

 Entity Relations (requires connecting entities)

 Dependency-based Extraction

 Syntactic: subject-verb-object

 Semantic: agent-predicate-theme

Extraction Rules

* Unesco is now holding its biennial meeting in Paris to devise its next projects .

nsubj

poss

amod

dobj

AGENT THEME

Extraction Rulesfor English:
$l emma: NP: subj > $l emma: VBZ: $synf < $l emma: NP: dobj

$l emma: NP: subj > $l emma: VBZ: $synf < $l emma: VBG: $synf < $l emma: NP: dobj

$l emma: NP: subj > $l emma: VBN: t op < by: I N: $synf < $l emma: NP: dobj

. . .
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XLike linguistic processing pipelines

 we may be interested in detecting relations 

between entities (beyond subject-object)

 Syntactic/Semantic paths provide a rich, meaningful 

source of features to characterize such relations

 statistical classification methods can be used to 

label such relations

Extraction Rules

* Unesco is now holding its biennial meeting in Paris to devise its next projects .

nsubj
prep

pobj

AGENT LOC

Extraction Rulesfor English:
$l emma: NP: subj > $l emma: VBZ: $synf < $l emma: NP: dobj

$l emma: NP: subj > $l emma: VBZ: $synf < $l emma: VBG: $synf < $l emma: NP: dobj

$l emma: NP: subj > $l emma: VBN: t op < by: I N: $synf < $l emma: NP: dobj

. . .
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XLike linguistic processing pipelines

 live demo

 http://xorrai.lsi.upc.edu/xlike/demo.php
 Unesco is now holding its biennial meeting in Paris to devise its next projects

 Unesco u Parizu održava svoj dvogodišnji sastanak s planiranjem svojih sljedećih 

projekata.
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WP2: XLike multiL pipelines



Wikifier service

 online service that in texts detects

 entities existing in Wikipedia/DBpedia

 maps to their IDs

 provides links to concepts

 covers 134 languages

 http://wikifier.org

 e.g. http://#
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Event registry service

 online service that tracks RSS newsfeeds

 more than 100.000 news sources worldwide

 daily amount 100.000-150.000 news articles

 10+ Ls

 S-splitting

 tokenization

 POS-tagging

 NERC + disambiguation (e.g. Washington)

 date references

 DMOZ categorization

 cross-L service

 compares articles in different Ls

 computes their similarity

 event identification, tracking, contextualization

 http://eventregistry.org
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LT repositories
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• CL/NLP/LT community already quite mature
– you can find tools/services for Ls you need in 

existing (federations) of repositories

– CLARIN-ERIC
• European Research Infrastructure Consortium

– particularly Weblicht (http://weblicht.sfs.uni-tuebingen.de)

• http://clarin.eu

– META-SHARE
• http://meta-share.eu

– European Language Resources Agency (ELRA)
• http://www.elra.info

– Linguistic Data Consortium (LDC)
• https://www.ldc.upenn.edu
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• other popular online pipelines/tool collections
– GATE

• http://gate.ac.uk

– FreeLing
• http://nlp.lsi.upc.edu/freeling

– NLP Stanford
• http://nlp.stanford.edu/software ...

• commercial analytics packages today include 

LT components
– IBM Watson

– Linguamatics in I2E ...
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Thank you for your attention!


