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Millions of Punched Cards
Analogical and isolated ...but Findable
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Millions of Punched Cards
Analogical and isolated ...but Findable

[...] in the early 1960s,
when computers were
scarse, expensive, and
cumbersome, using com-
puters for communication
was almost unthinkable.
[...] A scientist who needed
to use a distant computer
might find it easier to get
on a plane and fly to the
machine’s location to use
it in person.
(Janet Abbate. Inventing
the Internet. MIT, 1999, 1.)
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The Result ...on Paper
The Index Thomisticus
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The Digital Turn: (meta)data (partly) accessible
The CD-ROM of the Index Thomisticus
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The Digital Turn: (meta)data (partly) accessible
Thanks God for the CD-ROM!
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The Digital Turn: (meta)data (partly) accessible
Thanks God for Internet!
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Lemmatization & Part-of-Speech Tagging
Attaining a standard representation of lexicon and morphosyntax

Goals
Lemmatization and part-of-speech tagging (POS-tagging) aim to abstract
some linguistic properties to allow form-invariant reference to
types/tokens.

?! How can I retrieve all the occurrences of a word in a text?
?! How can I know which (morphosyntactic) function(s) a word plays in a

text?
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Lemmatization & Part-of-Speech Tagging
Attaining a standard representation of lexicon and morphosyntax

Different word forms in different contexts. . .
▶ . . .his rebus cognitis Caesar Gallorum animos verbis confirmavit. . .

→ ablative plural (token); dative & ablative plural (type)
▶ . . .quod ego si verbo adsequi possem. . .

→ ablative singular (token); dative & ablative singular (type)
▶ . . .ne more iuvencae mugiat, et timide verba intermissa retemptat. . .

→ accusative plural (token); nominative, accusative & vocative plural (type)

. . .but all can be referred to a canonical/standardized citation form
(Lemma):

⇒ uerbum
→ nominative singular of neuter II. declension noun

What about cognitis, intermissa and timide?

Passarotti | Risorse linguistiche per il latino



15

Lemmatization & Part-of-Speech Tagging
Attaining a standard representation of lexicon and morphosyntax

Lemmatization
Type-based the process of assigning each type (in a text) to one, or more
lemma(s)
Token-based the process of assigning each token in a text to a lemma

Different lexicographic criteria:
▶ inflectional morphology: same paradigm, same lemma? what about

participles?
▶ graphical representation: voluptas vs. uoluptas
▶ spelling: sulphur vs. sulfur
▶ ending and inflectional type: diameter vs. diametros vs. diametrus
▶ paradigmatic slot for the lemma: sequor vs. sequo (see Du Cange:

infinitives used)
▶ homographs: occido/[caedo|cado] vs. occido[1|2]
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Lemmatization & Part-of-Speech Tagging
Attaining a standard representation of lexicon and morphosyntax

Words can play different (morphosyntactic) functions in sentences:

⋆ supra
▶ . . .ager trecentis aut etiam supra nummorum milibus emptus. . .

→ adverb (ADV)
▶ . . . ille qui supra nos habitat. . .

→ preposition (ADP)

⋆ scribo
▶ . . .atque in Thesauro scripsit causam dicere prius unde petitur. . .

→ verb (VERB)

⋆ elephantus
▶ . . .elephanto beluarum nulla prudentior. . .

→ noun (NOUN)

These functions are predictable and come from a rather small set of
alternatives.
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Lemmatization & Part-of-Speech Tagging
Attaining a standard representation of lexicon and morphosyntax

Part-of-speech tagging
Type-based: the process of assigning each type one, or more
morphosyntactic function(s), i. e. parts of speech, from a given set
Token-based the process of assigning each token in a text one
morphosyntactic function, i. e. part of speech, from a given set

Current standard de facto tagset: Universal Dependencies

16+1 classes: ADJ (adjectives), ADP (pre- & postpositions), ADV (adverbs), AUX (auxiliaries), CCONJ & SCONJ

(co-ordinating & subordinating conjunctions), DET (determiners), INTJ (interjections), NOUN & PROPN

(common & proper nouns), NUM (numerals), PART (particles), PRON (pronouns), VERB (verbs), SYM

(symbols), X (other) + PUNCT (punctuation)

https://universaldependencies.org
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Lemmatization & Part-of-Speech Tagging
Attaining a standard representation of lexicon and morphosyntax

Type-based vs. token-based POS tagging:
▶ Every ADJ can be NOUN
▶ Every ADP, CCONJ, SCONJ etc. can be NOUN (like in metalinguistic

discourse)
▶ Every VERB can be NOUN

One or more part-of-speech? Which part-of-speech?
▶ italicus: ADJ? NOUN? PROPN?
▶ ubi: ADV? SCONJ?
▶ non: ADV? PART?
▶ aliqui: PRON? DET? ADJ?
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Lemmatized Corpora for Latin

▶ LASLA Corpus
▶ Index Thomisticus
▶ Computational Historical Semantics
▶ 5 Latin Treebanks in UD
▶ CLaSSES
▶ ...and others
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LEMLAT
Type-based: https://github.com/CIRCSE/LEMLAT3
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UDPipe
Token-based: https://lindat.mff.cuni.cz/services/udpipe/
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UDPipe
Token-based: https://lindat.mff.cuni.cz/services/udpipe/
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TreeTagger
Token-based: HMM + Binary Decision Tree

▶ Download the tool from https:
//www.cis.uni-muenchen.de/~schmid/tools/TreeTagger/

▶ Prepare a txt file with a Latin text
▶ Tokenize the file and prepare the input (one-word-per-line):

cd treetagger/cmd
perl utf8-tokenize.perl INPUT-FILE.txt >
OUTPUT-FILE.txt
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TreeTagger
Token-based: HMM + Binary Decision Tree

▶ cd ../bin
▶ Linux/Mac:

./tree-tagger <parameter-file> <input-file>
<output-file> -token -lemma
Example (download a parameter file for Latin and put it into the ‘bin’
folder): ./tree-tagger latin.par input.txt output.txt
-token –lemma

▶ Windows:
tag-LANGUAGE.bat <input-file> <output-file>
Example: tag-latin.bat input.txt output.txt
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Further Tools
All Token-based

▶ Collatinus Web:
https://outils.biblissima.fr/en/collatinus-web/

▶ Deucalion: https://dh.chartes.psl.eu/deucalion/latin
▶ Stanza: three models for Latin. https:

//stanfordnlp.github.io/stanza/available_models.html
▶ Morpheus: https://github.com/PerseusDL/morpheus
▶ Whitaker’s Words: https://latin-words.com
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The Linked Data Principles
...just to be FAIR

▶ Use URIs for things (e.g. an entry in a lexicon, a token in a corpus)
▶ Use HTTP URIs to allow people (and machines) to look up things
▶ Use web standards to represent/query (meta)data, such as RDF and

SPARQL
▶ Include links to other URIs
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Why To Apply LD to Linguistic Resources
J. Gracia: LLD CLARIN Café, 29/4/21

▶ Resources disconnected from each other (silos of LRs)
▶ Proprietary and heterogeneous formats
▶ Different representation schemes, query languages, annotation criteria

and tagsets
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The LiLa Knowledge Base
Key-word: interoperability

ERC Consolidator Grant
2018-2023

A collection of multifarious, interoperable linguistic resources
described with the same vocabulary for knowledge description

(by using common data categories and ontologies)

Interlinking as a Form of Interaction

Infrastructure Interoperability
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The LiLa Knowledge Base
Lexically-based architecture and (meta)data sources

Lemmas

Lexical Entries Tokens

Textual Resources
- Digital libraries 

- Treebanks

- Textual corpora...

NLP Output

NLP Tools
- Tokenizers 

- Taggers/parsers

- Lemmatizers...

Lexical Resources
- Latin Wordnet 

- Valency Lexicon

- Dictionaries...
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LiLa and Ontolex Lemon
A de factoW3C standard for publishing lexical data as LLOD
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Lemma Bank and Lexical Resources
The core of LiLa

Lemma admiror ‘to admire, to respect’
http://lila-erc.eu/data/id/lemma/87541

▶ Lemma Bank
▶ A bilingual dictionary (Lewis & Short)
▶ A derivational lexicon (Word Formation Latin)
▶ A polarity lexicon (LatinAffectus)
▶ An etymological dictionary (De Vaan)
▶ A Valency Lexicon (Latin Vallex)
▶ A manually checked subset of the Latin WordNet
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Textual Resources
Source: the Index Thomisticus Treebank (original scheme)

nam primum est ex hoc
quod bonum aestimatur
malum; (IT-TB: SCG, lib. 1,
cap. 89, n. 13)

for the first arises because
the good is judged to be
evil; (Trans. Anton C. Pegis)
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Textual Resources
Source: the Index Thomisticus Treebank (UD scheme)
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Textual Resources
A token from the Index Thomisticus Treebank in LiLa

Token aestimatur
http://lila-erc.eu/lodview/data/corpora/
ITTB/id/token/005.SCG*LB1.CP-8++9.N.13.

2-6.4-1W8
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Lemma Bank Query Interface

Lemma Bank Query Interface
https://lila-erc.eu/query/
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SPARQL Access Point

SPARQL Access Point
https://lila-erc.eu/sparql/
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TextLinker

TextLinker
http://lila-erc.eu:8080/LiLaTextLinker/
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LiLa Search Platform

LiLa Search Platform
http://lila-erc.eu:8080/lila-lisp/

Passarotti | Risorse linguistiche per il latino

http://lila-erc.eu:8080/lila-lisp/


43
Table of Contents

The Story So Far (through the lenses of the Index Thomisticus)
Analogical and Isolated ...but Findable
Digital and (Partly) Accessible

Lemmatization & Part-of-Speech Tagging
What is lemmatization and PoS tagging?
Lemmatized Corpora for Latin

Tools and Hands-on
Tools for lemmatization & POS Tagging

Latin in the Semantic Web
The LiLa Knowledge Base
Services and Tools
To sum up

Passarotti | Risorse linguistiche per il latino



44

LiLa: Overview
Resources connected so far

Resources connected in LiLa
https://lila-erc.eu/data-page/

Passarotti | Risorse linguistiche per il latino

https://lila-erc.eu/data-page/


45

Thanks!
Get in touch

LiLa: Linking Latin
Università Cattolica del Sacro Cuore
CIRCSE Research Centre

info@lila-erc.eu

https://github.com/CIRCSE

https://lila-erc.eu

@ERC_LiLa

Largo Gemelli 1, 20123 Milan, Italy

This project has received funding from the European Research Council (ERC) under the European Union’s Horizon 2020 research and innovation
programme - Grant Agreement No. 769994.
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