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ABSTRACT

This contribution presents the first steps towards the analysis of Leonardo Fibonacci's Liber Abbaci using computational
linguistics methods. The work is currently carried out in the context of a joint research project between the Tuscany Region
and the University of Pisa with the help of an interdisciplinary team.
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1. INTRODUCTION

Leonardo Fibonacci’s Liber Abbaci is a weighty medieval treatise on arithmetic and algebra that had a decisive influence
in the development of Western mathematics. Traditional reading of the text has never been easy in the past and it is not
easy now either. The characteristics of the work have, in fact, delayed its critical print edition until very recently. And,
looking at the new editorial format and its price - 17 x 24 cm, cxviii-824 pp. 22 plates f.t. color pp., slipcase, Indian paper,
silk binding gilded impressions, € 300 - the volume edited by Enrico Giusti ([2]) certainly is not "manageable” and is
clearly addressed to an extremely small niche market. The work itself is full-bodied, complex, and presents some problems
in the correct understanding and contextualization of terms related to the world of medieval Mediterranean trade, used by
the author in illustrating mathematical problems. For this reason, Liber Abbaci has been studied more by mathematicians
and historians of Science than by other types of humanists ([5];[7]). In 2018 a joint research project between the Tuscany
Region and the University of Pisa (p.i. Pier Daniele Napolitani, University of Pisa) has started with the aim of transforming
the critical print edition into a completely searchable digital edition, in order to recover the treasure of linguistic,
mathematical and historical information that the work contains and therefore to facilitate the access to its content by
different users. Within this overall project, an in-depth study was undertaken on the application of computational linguistics
methodologies to the Liber Abbaci with the aim of developing systems for the automatic extraction of morphosyntactic
and semantic information. Due to the linguistic peculiarities of the text, off-the-shelf tools cannot be used without a
considerable loss in the performance (see Sec. 2.1). Thus, manually created high-quality annotated data are needed. In other
words, in our work we start from the linguistic annotation of a chapter of the Liber Abbaci, relying on digital tools for
encoding the results of a critical close reading of the text. As future work, we will develop models based on these data to
facilitate a comprehensive approach of such a large-scale masterpiece, that will be interrogated with distant reading
methods for the first time.

2. COMPUTATIONAL ANALYSIS

The Liber Abbaci is a complex work containing a large variety of topics. While the first 7 chapters discuss mathematical
operations, chapters 8-11 have an empirical approach, describing commercial practices and monetary topics. The final
chapters (12-15) go back to more abstract mathematical problems. The information contained in the chapters on commercial
practices is valuable not only for those interested in the contribution of the work to the history of science, but also as a
testimony of the history of economics and trade practices. For this reason, we decided to start our work from chapter VIlII
using that text for our pilot annotations at both the morphosyntactic and the semantic level. Chapter VIII is made up of
29,858 tokens, corresponding to about 10% of the total length of the book.
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2.1 MORPHO-SYNTACTIC ANALYSIS

Beside its scientific interest, Liber Abbaci features a very peculiar lexicon, not often represented in the currently available
linguistically annotated corpora for Latin. In order to fill this gap, we manually performed tokenization, sentence splitting,
Part-of-Speech (PoS) tagging and lemmatization of chapter VIII following the Universal Dependencies framework ([9]).
During the annotation, we had to deal with several complex linguistic peculiarities of the text that are typical of Medieval
Latin such as monophthongization, the presence of analytical verb forms and a very limited use of enclitics. The greatest
difficulties, however, concerned the annotation of units of measurement, names of coins, toponyms and arabisms often not
even lemmatized in Medieval Latin dictionaries. The annotation was performed by a master’s degree student in Classical
languages supported by experts in Latin linguistics and computational linguistics. The Inter-Annotator Agreement was
calculated on 30 sentences (1,010 tokens), with the participation of a second scholar, and we registered an almost perfect
agreement with a Cohen’s kappa of 0.97 for lemmatization and 0.94 for PoS tagging. The resulting dataset is freely
available online! and has been used to evaluate current available automatic models for the processing of Latin. More
specifically, we tested the accuracy of five UDPipe ([12]) models with respect to our gold standard: 1) Evalatin2020,
trained on classical texts in prose released for the Eval atin evaluation campaign ([11]); 2) ITTB, trained on medieval texts
of Thomas Aquinas ([4]); 3) LLCT, trained on Early Medieval charters written in Tuscany ([3]); 4) Proiel, trained on
selections classical texts plus the Vulgate New Testament translation ([6]); 5) Perseus, trained on classical texts in prose
and poetry ([1]). The scores, reported in Tab. 1, clearly show that current models are not good enough to process the Latin
of Fibonacci: indeed, the best participating system at the Eval atin 2020 achieved an accuracy of 96,2% for lemmatization
and 96,7% for PoS tagging on the corresponding test set. The specific domain of the text has a negative impact on both
lemmatization and PoS tagging: for example, chapter VIII contains a high frequency of lemmas not present in the training
data of the model (>50%). Moreover, not all training data follow the latest version of the Universal Dependencies guidelines
(v 2.8) causing some inconsistency of the annotations.

Model Lemma PoS
LLCT 68.8 82.8
Eval atin2020 63.6 81.9
Perseus 67.5 78.4
ITTB 65.6 77.1
Proiel 60.2 51.6

Table 1. Accuracy of UDPipe models tested on chapter VIII.

The lemmatized text of chapter V111 has been linked to the Knowledge Base of interoperable linguistic resources for Latin
developed by the ERC project “Lila: Linking Latin” ([8]). Thanks to the linking, our dataset becomes part of an

interoperable ecosystem made of resources of different kinds2 that can be queried using the SPARQL endpoint of LiLa3.

2.2 SEMANTIC ANALYSIS

We performed a lexical-semantic analysis of chapter VIII in order to identify and classify single terms and multi-token
expressions specific to the domain of trade and commerce, so as to facilitate the search within the text. To do so, we have
adopted the UCREL Semantic Analysis tagset* ([10]), which provides a set of hierarchical semantic tags. Among those
tags, we have decided to select only those relevant to the research objective of the project. From the 21 major discourse
fields identified by the original UCREL set, we considered 7 of them, in particular I: money and commerce in industry, M:
movement, location, travel and transport, N: numbers and measurement, O: substances, materials, objects and equipment,
S: social actions, states and processes, T: time, Z: names and grammar. Each field has specific tags and each tag has an

! http://dialogo.di.unipi.it/LiberAbaci/.

2 https:/lila-erc.eu/data/corpora/CorpusFibonacci/id/corpus/Liber%20Abbaci.
3 https://lila-erc.eu/spargl/.

4 http://ucrel.lancs.ac.uk/usas/.
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identification code with a short definition; for example for coins we have the generic tag 11 Money generally which is
divided into 11.1 Money: Affluence, 11.2 Money: Debts, 11.3 Money: Price.

As an annotation tool, we have chosen Catma (see Fig. 1), a flexible and user-friendly online application. Catma allows to
work on shared projects and to create a tagset with a hierarchical set of labels. It also provides tools for searching and
analyzing the annotated text. In our case we started with the preliminary annotation of chapter V11 of Liber Abbaci using
the tags briefly mentioned above. The most used tags are: 11 Money generally (frequency 872), with which terms of various
types of coins are annotated; N3 Measurement (972), which annotates various units of measurement, the most common
being the units of weight; 12 Business (291), which indicates terms referring to commerce; Z2 Geographical names (281)
usually occurring with units of measurement or coins, for example rotuli gerovi referring to the unit of weight rotoli with
the value used in Genoa. The text does not contain some tags, such as I3 Work and employment, S2 People, T1 Time, Z1
Personal names.

# CATMA 6.3.1 Fibonacci - semantica
In omnibus itaque negotiationibus quattuor numeri proportionales semper Collection currently being edited
reperiuntur, ex quibus tres sunt noti, reliquus vero est ignotus. ch8 clean Annotazione Letizia +
° Primus quidem llorum trium notorum numerorum est numerus venditionis
cuiuslibet mercis, sive constet numero, sive pendere, sive mensura: = Tagsets ] +
— — — _
: numero quidem, ut centum coria, vel centum beccune et similium; agsets Tag
Project — Tagset ags
—
Fibonaccl - Semtags -
Tags pondere quogue ut cantaria, vel centenarium, vel libre, aut uncie et
— ——— Ee——— * 11 Money generally
similium; mensura quidem ut metra olei, sextaria frumenti et canne I b
— — — — 11.2 Money: Debts
Annotate B T —
panni et similium. Secundum autem est pretium illius venditionis, hoc I 11.1 Money: Affluence
Analyze est llius primi numeri, sive sit quantitas quorumlibet denariorum, 11.3 Money: Price
—
sive bizantiorum, sive tarenarum, vel alicuius alie currentis manete. * |2 Business
I 12.1 Business: Generally
Tertius vero erit aliqua eiusdem vendite titas,
I — 12.2 Business: Selling
cuius pretium, scilicet quartus numerus, ignoratur; et quandoque erit |
A
M« 1 990 MO M & ™  ANALYZE

Fig.1 - Catma interface with annotation of chapter VII1.
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