7 New Trends in Digital Papyrology
If you can dream it, you can do it.
Walt Disney

After the general and historical overview of what Digital Papyrology offers nowadays, and before introducing the last, crucial discussion, it is time to cast a glance at
some very new, developing areas that seem to be the main topics on which Digital
Papyrology is going to focus in the immediate future. As nearly all papyrologists
perceive, the main issue at stake is always the enormous amount of data and
metadata to be handled, in terms of both published and unpublished papyri. The
unavoidable charm of digital technologies, which since half a century by now have
proven essential in improving methodologies and providing invaluable scientific
results, is constantly renewed by ever-developing techniques, and Papyrology is
always ready to absorb and reflect as much innovation as possible.
Digital quantitative analyses seem today the best scenario for enhancing papyrological research in terms of speed and data processing, with its twofold implication – a stronger claim on quality controls, of course, but one should never forget
that speed means to have more information at our disposal as soon as possible,
which turns into significant progress in knowledge and research. And since the
papyrologists of the 21st millennium are overwhelmed not only by data but also by
the twists and turns of a maze of digital resources – which is in fact the main raison
d’être of this book –, further steps towards integration are highly recommended,
and in some cases accomplished with interesting expectations.

7.1 Quantitative Analysis of Textual Data: Past and Future of
Computational Linguistics Applied to Papyrology
Applying methods and tools of computational linguistics to papyrological research
is an old effort, dating back to the very dawn of the studies on natural language
automated processing1. As is known, in 1949 Father Roberto Busa started compiling
the monumental Index Thomisticus, a lexical concordance to Saint Thomas of Aquinus’ works, by exploiting automatic computer processing, and thus literally founded what would be called computational linguistics2. Some ten years later, a team in
Liège and one in Milan independently developed experimental systems to encode
||
1 Cf. BRUNNER 1993, 10–11; DENOOZ 2007, passim.
2 Cf. HOCKEY 2004, 4; on computational linguistics see e.g. HAJIČ 2004; on computational linguistics
and classics see BAMMAN – CRANE 2009 and BABEU 2011, 48 ff.
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and process papyrological texts by means of electronic calculators. Both projects
were presented at the 12th International Congress of Papyrology (Ann Arbor 1968)3.
We will deal with the issue of digital encoding in the next chapter; now I would like
to stress the strong linguistic flavour of both enterprises.
Enrico Maretti and Gian Piero Zarri, on the Italian side, presented in a seminal
article published in 1971 an overview of the potentials of what they called “algorithmic linguistics” to papyrological texts4. Text encoding (i.e. storing text in a machine-readable and processable format), in their view, would bring to several useful
applications:
1) sorting procedures (i.e. what I called indexing), by which it would be possible to
build lexica, whether natural, i.e. recording the exact forms of the occurring
words, or lemmatized, i.e. reducing the occurring forms to their original lemma
(typically, e.g., nominative singular for nouns) and concordances, whether
sorted alphabetically or by other keys (frequency of attestation, for example);
2) searching procedures, addressed to the search for words, word sequences, and
structural sequences (formulaic search);
3) reconstruction of fragmentary texts, based either on the overlapping with parallel texts or on statistical comparisons that would take into consideration the
frequency of letter or word combinations to give possible supplements for the
extant fragments (the authors evoke the concept of generative grammars, i.e.
the automatic generation of language strings based on lexical lists and morphosyntactic rules).
These points were shared, though less systematically, by the Belgian colleagues5,
who also added a further possible application:
4) edition output, which would be conceivable in terms of basic edition (i.e. the
reproduction of the reference critical edition), diplomatic edition (reproducing
the actual text on the papyrus, without editorial interventions), and emended
edition6.
What is interesting is that the Belgian project already envisaged very advanced linguistic features. They encoded the text by using a single punched card (see above,
§ 4.4) for each word (a rudimental sort of tokenization), to which they added its
lemmatized form, a code representing its grammatical aspect, and a semantic code7.
This would bring to different possible indexing outputs (by alphabetic lemmas, by
categories…) and to morpho-syntactic and formulaic searches, but also to grammat||
3 MARETTI – ZARRI 1970; EVRARD 1970; BODSON 1970; TOMSIN 1970a.
4 MARETTI – ZARRI 1971, 11–16; cf. MARETTI – ZARRI 1970, 282 and 284–5.
5 We find theoretical references to lexical indexing and string searches in EVRARD 1970, 124–5; to
formulaic search in TOMSIN 1970a, 475; to automatic reconstruction in TOMSIN 1970a, 472.
6 EVRARD 1970, 124; TOMSIN 1970a, 472.
7 Cf. EVRARD 1970, 124; BODSON 1970, passim; EVRARD 1971, 89 and 94.
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ical studies8. Unfortunately, such linguistic features remained essentially unexploited in the subsequent years: the papyrologists’ attention was captured by other,
more familiar ways of dealing with digital texts, namely string searching options
and text reconstruction9. The Duke Databank of Documentary Papyri did not encode
morpho-syntactic or semantic information alongside the texts, and it was only
thanks to external processing tools (like the Word Study Tool of the Perseus Digital
Library10) that it became possible to access (but not to process, or search for) such
kind of information. The transfer to the Papyri.info platform completely obliterated
this opportunity (just lemmatized searches are available, see below § 8.4).
In the meantime, corpus linguistics had developed as an autonomous discipline
branch consisting in the analysis of natural languages on the basis of computerized
text corpora. A fundamental procedure in encoding a text corpus so that it can be
subject to significant automated linguistic analyses is annotation, i.e. the tagging of
the text items (essentially the words, usually known as tokens i.e. minimal language
units) with relevant linguistic information (usually morphologic, syntactic, semantic information)11. It is apparent that what the Belgian researchers at LASLA did with
the punched cards was a rudimentary linguistic annotation. Today, linguistic annotation is rather advanced in classical studies. The Ancient Greek and Latin Dependency Treebank (AGLDT, now 2.0: https://perseusdl.github.io/treebank_data), developed since 2006 by Giuseppe G.A. Celano, Greg Crane, Bridget Almas, and others, at
the Leipzig and Tufts Universities, is a huge corpus of ancient Greek and Latin literary works, annotated on the morphological, syntactic, and ‘semantic’ layers12. This
is usually called ‘treebank’ after the typical tree-like format that a syntactic dependency graphically displays13. The actual annotation is conducted on the Arethusa
platform (http://www.perseids.org/tools/arethusa/app/#; see picture in the next
page), a computer-guided environment that allows performing the task on the three
said levels: morphology (partially guided by the system), syntax (by assigning a
grammatical relational label to each node of a syntactic tree), advanced syntax (semantic value of morpho-syntactic categories)14.
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8 Cf. EVRARD 1967, 94; TOMSIN 1970a, 474.
9 Cf. e.g. WILLIS 1984a; 1984b; 1992; see below, §§ 8.3–4.
10 Cf. http://www.perseus.tufts.edu/hopper/help/quickstart#analyze. On automatic morphological
analysis in the Perseus digital library cf. CRANE 1998, 474 ff., and BABEU 2011, 50–2.
11 Cf. IDE 2004.
12 See details in the annotation guidelines at https://github.com/PerseusDL/treebank_data/blob/
master/AGDT2/guidelines/Greek_guidelines.md; cf. MAMBRINI 2016.
13 On treebanking in classical studies cf. the general observations by BAMMAN – CRANE 2010; cf. also
BOSCHETTI 2008; BABEU 2011, 48–50; CELANO – CRANE – MAJIDI 2016.
14 Cf. http://www.dh.uni-leipzig.de/wo/projects/ancient-greek-and-latin-dependency-treebank-2-0.
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Linguistic annotation has been progressively conceived for non-classical texts15, and
for the papyri too, in consideration of the enormous help that such kind of analysis
could offer to grammatical and stylistic studies on documentary and literary fragments16. The literary side has been unfolded by the Grammatically Annotated Philodemus project, conducted by Daniel Riaño Rufilanchas (Universidad Autónoma de
Madrid) and Holger Essler (Würzburg) and aimed at deeply annotating the Greek
philosophical papyri from Herculaneum on morphological, grammatical, semantic,
stylistic layers, in close connection with the Thesaurus Herculanensium Voluminum17. Riaño’s work, based on his own proprietary software AristarchusX and on a
personalized annotation system18, has pointed out some critical issues of annotating
papyri. Namely, the fragmentation of the texts makes tokenization problematic for
broken or illegible words, and makes morpho-syntactic analysis difficult for the lost
passages. Moreover, alternative readings or supplements should be considered, as
well as a thorough distinction of the degree of certainty of the annotated text)19.
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15 For an application to Coptic texts see ZELDES – SCHROEDER 2015.
16 Cf. REGGIANI 2015b and 2016c; CELANO 2017.
17 Cf. RIAÑO RUFILANCHAS 2014; ESSLER – RIAÑO RUFILANCHAS 2016. The annotation type is not a
dependency treebank, but follows an immediate constituent analysis model, which enables relations between syntactic structure and semantic content, allows stylistic analysis, and can be converted in dependency analysis (cf. ESSLER – RIAÑO RUFILANCHAS 2016, 497–8: “The drawback of this
decision is incompatibility with other existing schemas of digital annotation, at least without further coding”, p. 501). See further on, § 8.6.
18 Cf. RIAÑO RUFILANCHAS 1997; RIAÑO RUFILANCHAS 2006. The software allows for complex queries
and exporting query results and data to other formats (cf. ESSLER – RIAÑO RUFILANCHAS 2016, 499–
500).
19 Cf. RIAÑO RUFILANCHAS 2014, 160–1; see also ESSLER – RIAÑO RUFILANCHAS 2016, 498.
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Example of grammatical annotation based on AristarchusX (from RIAÑO RUFILANCHAS 2014).

The problem of dealing with fragmentary texts makes Papyri.info somewhat unsuitable for applying linguistic annotation, because sometimes the TEI/EpiDoc XML
tagging system in use is conflicting with linguistic tagging (in particular, with the
necessary tokenization of words)20. This issue has been faced by the Sematia platform (https://sematia.hum.helsinki.fi), developed by Marja Vierros and Erik Henriksson at the University of Helsinki. Sematia is an open online environment for creating linguistic layers from TEI/EpiDoc XML documents, as well as a repository for
linguistic annotations of the layers. The platform is based on the very same collaborative model as Papyri.info (see below, § 8.5): anyone interested in collaborating can
register and log in. Basically, once one logs in, (s)he can import any text from the
papyrological databank, which will be automatically adapted to linguistic annotation and split into three layers (see picture in the next page): “original” (the text as
preserved on the papyrus, with unresolved abbreviations, unsupplemented gaps,
non-regularized spelling variants), “standard” (the text as interpreted by the modern editor), “variation”. It must be noted that the first two layers patently correspond to the concepts of “diplomatic edition” and “emended edition” as formulated

||
20 Cf. ESSLER – RIAÑO RUFILANCHAS 2016, 495.
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by Evrard and Tomsin in the late Sixties21. Then, each layer can be exported from Sematia to the Arethusa platform, annotated there, and finally brought back to be stored
in Sematia22. It is clear that this information is essential to trace any kind of quantitative analysis of linguistic patters, so that the tools offered by Sematia are really impressive. About a hundred annotated texts are currently stored in the repository, and a
way of querying the treebanks has recently been implemented in beta version23.

||
21 VIERROS – HENRIKSSON 2016, 6 explain that the “original” layer does not correspond to a proper
diplomatic transcription; but Evrard and Tomsin’s concept of “diplomatic edition” also is not the
very same, since it involves, for example, word division.
22 Cf. VIERROS – HENRIKSSON 2016, passim. Detailed instructions are provided also at https://sematia.
hum.helsinki.fi/docs/how_to_use.html.
23 Cf. VIERROS – HENRIKSSON 2016, 12.
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Sematia is also designed to record information about scribal hands and hand shifts
in a set of metadata24, according to the project “Act of the Scribe: Transmitting Linguistic Knowledge and Scribal Practices in Graeco-Roman Antiquity” (http://blogs.
helsinki.fi/actofscribe). The purpose is to investigate patterns of linguistic variation
through the data dragged from the annotated texts and considerations about scribal
professional degree and literacy; the “variation” layer, under development, will be
devoted to this peculiar aspect25. In a new interest towards linguistic changes, scribal deviations from the grammatical ‘norm’ are increasingly looked as samples of
sociolinguistic variation rather than mere mistakes to be regularized26. Papyri, at-

||
24 “Handwriting” (description of the hand, professional level, indication of same hand), “writer
and author” (names of the author of the text, of the actual writer if different, of the subscribing
official, with the possibility of adding the TM People number), “text type” (to be selected from a
drop-down menu), “addressee” (cf. VIERROS – HENRIKSSON 2016, 11–2).
25 Cf. VIERROS – HENRIKSSON 2016, 12.
26 Cf. TOUFEXIS 2010.
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testing the fluidity of spoken Greek in Hellenistic and Roman times, are the best
source for this kind of research. In wait for a hopefully extensive linguistic annotation of the papyri, a first attempt to extract data about linguistic variation has been
conducted since 2014 by Mark Depauw and Joanne Stolk on the basis of the XML
tags used in Papyri.info to mark ‘regularizations’ and ‘corrections’ (see below, § 8.5).
The information automatically extracted from that source has been processed in a
database on the Trismegistos platform: TM Text Irregularities (http://www.trisme
gistos.org/textirregularities)27. The database collects all the instances of phonetic
and morphological ‘variants’ in the Greek documentary papyri. A list offers a view of
all types of variation arranged by frequency of attestation, but it is possible also to
perform field-specific searches. A particular stress is put onto the phonetic context
of the variations, by the indication of the preceding and following letters28.
Another opportunity that has been envisaged since the beginnings for the computerized treatment of papyrological documents is text mining, i.e. the automated
extraction of high-quality information from the analysis of text patterns and trends.
The ‘text reconstruction’ task theoretically envisaged by Maretti and Zarri as a peculiar feature of the automated processing of papyrological texts, based on the overlapping or the statistical comparison with parallel texts and/or on advanced analysis of generative grammars, already went in this direction. A specific software
routine was later developed by Knut Kleve, the creator of Literalogy (see above,
§ 5.4), and called Lacunology. The term pointed precisely to the definition of a computer method of filling in gaps (lacunas) in papyrus texts. The routine was based on
the comparison between any extant letters before and after the lacuna and the evaluated length of the gap with all the possible fitting alternatives, taken from a textual
repository29, and substantially different from Literalogy and the other projects involving the graphical comparison of letter shapes. As Kleve stated, at those times
the amount of digitized papyrological (and not only!) texts was insufficient to perform sensible actions30. The situation changed soon after, but – as we noted – papyrologists became interested in other applications of databanks, and any textual
analysis remained based on manual comparisons after automated searches for
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27 Cf. DEPAUW – STOLK 2015.
28 A recent prospective development related to linguistic annotation has been presented by Marja
Vierros at the workshop “Act of the Scribe: Interfaces Between Scribal Work and Language Use”
(Athens, April 6–8, 2017) with preliminary remarks on Applying Modern Authorship Attribution
Methods to Papyri and Ostraca (abstract at http://blogs.helsinki.fi/actofscribe/workshop); syntactic
annotation may indeed prove helpful in stylometric analyses aimed at identifying authorial hands
in ancient documents and related sources. For similar applications to literary works see e.g. GORMAN
– GORMAN 2016; for applications to short texts cf. SANDERSON – GUENTER 2006.
29 Cf. KLEVE 1975, 202–3; KLEVE 1981, 519; KLEVE – FONNES 1981; ORE 1988, 27–8; KLEVE – ORE –
FONNES – CAPASSO – JENSEN – BERGERSEN 1990, 80–6 and 87–92; GIGANTE – CAPASSO 1990, 55–6.
30 KLEVE – FONNES 1981, 158–9.
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words or combinations of words (‘information retrieval’) and indexing. However,
admittedly “[a] manual search on a corpus is not sufficient for giving answers to
more complex research questions”31.
Text mining in Papyrology is now again in the spotlight thanks to the project eAQUA (Extraktion von strukturiertem Wissen aus Antiken Quellen für die Altertumswissenschaft, http://www.eaqua.net), conducted at the University of Leipzig between
2008 and 2013 to develop algorithmic methods for the evaluation of ancient Greek and
Latin texts32. A specific sub-project, led by Reinhold Scholl, dealt with papyri. The
tools offered by the platform allow performing quantitative searches on digital text
corpora like categorization (classification of the text according to standard topical
categories on the basis of recurring keywords), co-occurrence analysis (relationships
between a word and the surrounding ones), and text recognition, a sort of advanced
Lacunology, in which a partially missing or misspelled word is compared with the
textual corpus and a list of possible candidates is generated automatically33. For the
second task, one should go to the “Demonstration Kookkurrenz-Analyse” under the
“Tools” menu; it is sufficient to select the target corpus (the papyrological corpus,
based on the Duke Databank on Papyri.info, is called “Epiduke”) and type the word.
The words need to be typed in Betacode (see below, § 8.3); a virtual keyboard is available in the page, and the platform offers also a useful online converter Betacode ↔
Unicode (“Tools” > “Online-Konverter Betacode”). The third task is at a prototype
stage and it is necessary to contact the project leader (see “Dokumentation” > “Textergänzung”; the picture in the next page is taken from RÜCKER 2011). It relies on a
“word prediction system based on several classes of spell checking and text mining
algorithms”, which are essentially related to the analysis of the semantic, syntactical,
morphological context of the words, on the word length, on the comparison of similar
letter sequences, on Named Entity lists (onomastical and topographical indexes to
identify personal or geographical names)34.
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31 BÜCHLER – HEYER – GRÜNDER 2008, 4.
32 Cf. BÜCHLER – HEYER – GRÜNDER 2008; BABEU 2011, 60–1 and 216–7; SCHUBERT 2011.
33 Cf. RÜCKER 2010; RÜCKER 2011; SCHOLL 2012.
34 Cf. BÜCHLER – KRUSE – ECKART 2012. A video demonstration of the current implementation can be
viewed at http://www.e-humanities.net/lectures/SS2011/2011-DigClassSeminar/THATCamp_Dev
Challenge_BuechlerEckart_TextCompletion.ogv. An automated reading suggestion process is allowed also by the APPELLO web service developed as a query system for the Vindolanda database
(see below, 8.6, and cf. ROUED-CUNLIFFE 2009).
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Another challenge in automated/computer-aided text reconstruction is the
recognition of unknown literary fragments. These must necessarily be compared
with the extant literary tradition in order to find out possible textual matches – what
is called ‘fragment siting’ (see above, 5.4), something different than text recognition
in documentary papyri, where we hardly ever possess more than one copy of a single document – formulaic phrases excluded. It is a well-known task that has been
accomplished manually and with the sole help of memory for a very long time. With
the advent of the literary databanks such as the Thesaurus Linguae Graecae (see
below, § 8.3), the work of searching for relevant words or phrases has been partially
automatized, with a remarkable gain in terms of time and (very often) accuracy. The
enthusiastic announcement made by William Willis, the father of the Duke Databank, at the 17th International Congress of Papyrology (Naples 1983), of the identification of 200 small papyrus scraps kept at Duke University (joining some other
fragments at Köln) with portions of Achilles Tatius’ Leucippe and Clitophon, book
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III35, came some ten years after a seminal article by S. Michaelson, I.A. Moir and A.Q.
Morton (Computer Science Department, Edinburgh), who in 1975 described the experimental recognition of some fragments of the Dead Sea Scrolls with the use of an
electronic calculator, concluding that “the computer can indeed excel the human
being at searching for small fragments”36.
The progress is evident: in the Eighties, a papyrologist was completely able to
perform such tasks, while earlier only computer scientists were: the three cited authors concluded the article with: “Any scholar who would wish to use the service of
having the New Testament or LXX searched for sites is invited to write to the authors”37. This was also thanks to a new machine called Ibycus (see below, § 8.3),
which Willis used to search for the letter sequences occurring on the fragments
within the currently available TLG database: the computer displayed the results,
and then he used special editing functions to reproduce the papyrus wording layout
in the TLG text, which was re-aligned accordingly and shaped in the form of the lost
roll. A further peculiar function let him display a diplomatic transcription of the fragments, to supplement text and recognize possible variants38. This remained essentially
the standard digital way of matching literary fragments, though slightly transformed
by the rise of the searching software and then of the Internet (see below, § 8.3).
It is what M. Levison defined “the scanning method” as opposed to the “concordance” and “partial concordance” methods (the comparison between words, or
letter sequences, with word indexes)39, which resembles very much Kleve’s Lacunology. The most relevant issue in the “scanning” method is that the papyrus fragments to
identify are mostly written in scriptio continua, so that a preliminary word division
should be done in order to perform searches in textual databanks that store ‘normalized’ (tokenized) texts with separated words; another issue is the fragmentation of the
papyrus text, in that missing characters sometimes can impede the recognition.
Very recently, a joint team from Oxford, the Middle Tennessee State University
and the University of Minnesota tested a revolutionary method to match papyrus
fragments with known texts regardless of the wording issue. They noticed that a
similar requirement does already exist in Biology, where fragmentary sequences of
genes are to be matched with the full sequence, which is represented with a continuous train of letters representing amino acids. This operation is performed with a
genetic sequence alignment algorithm, which sometimes leaves gaps in the align-
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35 Cf. WILLIS 1984a.
36 MICHAELSON – MOIR – MORTON 1975 (quotation from p. 120). The authors reported that more than
ten years before they had already suggested the application of automatic machines to detect text
matches between unidentified fragments and known texts, but had not been able to put it in practice because of the lack of any relevant digitized text corpora (p. 119).
37 MICHAELSON – MOIR – MORTON 1975, 120.
38 Cf. WILLIS 1984a, 163–5.
39 LEVISON 1965, 275.
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ment: a circumstance that is certainly comparable to the condition of papyrus fragments. The researchers have therefore developed a modified version of a common
genetic sequence alignment algorithm named BLAST (Basic Local Alignment Search
Tool) creating a variant called Greek-BLAST. This basically “[f]inds regions of local
similarity between sequences and compares them to databases”, and “[c]alculates
the statistical significance of matches”40. The method was tested on simulated fragments and proved quite accurate; therefore, it will be further developed, and it will
speed up very much the identification of the numerous new Oxyrhynchus fragments
transcribed in the framework of the Ancient Lives project (see above, § 5.4), which
was, in fact, the original reason for the development of such a revolutionary method41.

To conclude, it is important to recall a fundamental caveat, which should be born in
mind by anyone dealing with quantitative methods to analyse ancient texts. As
pointed out by Massimo Magnani some years ago in a set of striking philological
considerations42, problems of textual interpretation and constitution make ancient
writings a complex and stratified matter, which quantitative analysis very often
tends to smooth and flatten, equalizing the data. Only the scholars’ skills can
therefore give the correct interpretation to what is processed by the machine.

7.2 Quantitative Analysis of Metadata: Social Network Analysis
in Papyrology
Quantitative analysis of papyrological metadata has a flourishing recent tradition
focused on the Trismegistos portal, where it is possible not only to search for information, but also to generate a wide range of statistical results, often displayed as
graphs and charts that help visualizing chronological, geographical, and thematic
distributions, with particular regards to personal names (see above, § 3.3). Very
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40 MARTHOT-SANTANIELLO 2016, from which is taken the picture below.
41 Cf. WILLIAMS – CARROLL – WALLIN – BRUSUELAS – FORTSON – LAMBLIN – YU 2014; BRUSUELAS 2016,
197–200. Text pattern searches for unknown literary and documentary fragments are announced in
the framework of the next release of the Ancient Lives platform: cf. MARTHOT-SANTANIELLO 2016.
42 MAGNANI 2008, 133–4.
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recently, this task has been enhanced thanks to the development of Social Network
Analysis (SNA), an automated method for representing and measuring structural
forms of relation and interaction between entities, originally developed – between
the late Fifties and the early Seventies – by Mathematics, Anthropology, Sociology
and recently spread – thanks to the application of computer technologies43 – also to
other research fields, including Ancient History44.
Network analysis has been introduced in Papyrology in the early 2000s. Since it
consists essentially in reproducing the correlations between entities by arranging
them in a space through graphs (information visualization by means of relational
maps), Katja Mueller applied such quantitative methods – namely, the algorithms
known as MultiDimensional Scaling (MDS) and Monte Carlo simulations (MCS)45 – to
locate possible Ptolemaic Fayum settlements on the basis of the topographical data
stored in the relational geographical database GEOREF of the Prosopographia Ptolemaica Online46. The baseline assumption is that the degree of social interaction
between a couple of settlements is proportional to their geographical link, i.e. settlements occurring together in the same texts could have been geographically close
to each other. A subsequent article published by a mathematician and a computer
scientist posed some caveats to this method, which is not seen as unreliable tout
court, but subject to some technical pitfalls (the selection of the source data, the
methodology of analysis, the reduction of complex facts to mathematical procedures) that must be taken into consideration to check, adjust, and refine the results47. Mueller herself, at any rate, had warned that “MDS should not be used as the
sole method”, though it can provide some tentative, approximate clues48. Not many
years later, Giovanni Ruffini retained the said assumption (co-occurrence as a clue
to neighbourhood), applying it to Byzantine Oxyrhynchites49, and thoroughly utilized topographical network analysis to determine the relative location (but not the
absolute topography50!) of the settlements belonging to the Apions’ estate51.
||
43 Cf. RUFFINI 2008, 39.
44 For a general introduction to SNA cf. BARABÁSI 2002; RUFFINI 2008, 8 ff. For applications to ancient history, see RUFFINI 2008, 15–20 and BROUX 2015c, 707.
45 The former places each object in a space according to the levels of similarity among entities of a
dataset; the latter utilizes repeated random sampling to generate draws from a probability distribution.
46 MUELLER 2003a; 2003b; 2004. In her third contribution, she combined MDS with a Geographical
Information System (GIS) to transform the virtual settlements plotted by MDS in georeferenced locations (for Katja Mueller and papyrological applications of GIS, see above, § 3.3). Elsewhere, she
applied another type of quantitative analysis (the so-called “size-rank rule”) to establish theoretical
population sizes for settlements in Ptolemaic Fayum on the basis of census data (MUELLER 2002;
2005a). Cf. RUFFINI 2008, 19–20. For ProsPtol see above, § 3.3.
47 HOFFMAN – KLIN 2006. RUFFINI 2008, 20 n. 64, interestingly notes that “[t]he appearance in the
pages of The Journal of Juristic Papyrology of a mathematician and a computer scientist indicates the
potential for cross-disciplinarity inherent in these approaches”.
48 MUELLER 2003a, 120. She stressed this fact also in MUELLER 2003b, 219.
49 RUFFINI 2007.
50 “The resulting chart is not a reliable guide to the physical topography of the nome” (RUFFINI 2008, 39).
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Approximate location of Ptolemaic village clusters (from MUELLER 2003b).

Ruffini subsequently turned from topographical networks to a more general use of
quantitative analysis of papyrological data to sketch the social pictures of Byzantine
Oxyrhynchus and Aphrodito and to explore the differences between them52. In this
view, papyri are considered as social events connecting people to each other; a social connection is given by the joint involvement of people in the same papyrological event. The author extracted the relevant information from topographical and
prosopographical registers53, which index the papyrological occurrences of places
and people, and processed it with UCINET, a software designed to analyse and plot
(with the embedded program NetDraw) social network data54. The program draws a
grid listing the connection between each entry and all the others, in terms of binary
digits (1 = existing connection, 0 = non-existing connection). Some potentially distorting facts are taken into consideration and removed accordingly55.
A network is visualized through graphs, where points (called nodes) represent
any piece of data, and the connecting lines (edges) are the relations between the

||
51 RUFFINI 2008, 128–38.
52 RUFFINI 2008; cf. GRAHAM – RUFFINI 2007, 331–6; BABEU 2011, 168–9.
53 GIRGIS 1938; PRUNETI 1981.
54 https://sites.google.com/site/ucinetsoftware/home.
55 Cf. RUFFINI 2008, 20–8, for methodological discussion.
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entities. The network graphs coming from papyrological data are usually of the type
called ‘two-mode graphs’ since they connect different types of data (people, places,
and papyri; a one-mode network, e.g., represents connections between people only), but can be reduced to one-mode graphs by affiliation analysis, so that if two
people appear in the same text, then there is a connection (affiliation) between
them. The network parameters like density (the probability that any node is connected to any other one), centrality (the less nodes with most links, or shortest paths
to all other nodes, or staying on the most paths between nodes, the more the network is centralized, i.e. hierarchical), distance (number of steps between two nodes,
i.e. social interconnectivity), degree (average number of relations between each
node, or absolute number of relations of a single node), structural equivalence
(nodes that have the same relations with all other nodes), cliques (subsets of
“nodes, all adjacent to each other, with no other nodes adjacent to all the clique
members”56), clusters (subsets of nodes “that have a higher personal degree with
other set members than with non-members”57), cohesion (minimum number of
nodes to be removed to fragment the network; these nodes are called cutpoints)
help analysing the social interactions between nodes58.

A toponomastic network from RUFFINI 2008.

||
56 RUFFINI 2008, 36.
57 NIEMEIJER 1973, 53, quoted by RUFFINI 2008, 37.
58 A general overview of network terminology, with papyrological examples, is provided by RUFFINI
2008, 28–40.
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As recalled above, the Trismegistos databases prove powerful in the quantitative
analysis of papyrological metadata (we mentioned many publications that rely on
the analysis of the data provided by TM), and their relational architecture already
provides basic connections between texts, people (individuals and names), and
places (see above, § 3.3). The potentials of SNA applied to TM data have been recently explored by Yanne Broux and Silke Vanbeselaere (who also run a blog devoted to
network analysis, Historical Dataninjas, http://historicaldataninjas.com – formerly
Six Degrees of Spaghetti Monsters), and now each entry of TM People (NAM) shows a
coloured graph visualizing the genealogical connections of the name in question.
Moreover, a section specifically titled TM Networks (http://www.trismegistos.
org/network) offers, alongside a general overview of networks, a set of searchable
network graphs based on the relational TM data about modern authors (from TM
Editors, BP, and DL), ancient names, and text irregularities (http://www.
trismegistos.org/network/databases). In the TM network graphs, each node’s size
and colour are usually related to its degree, i.e. the number of relations with other
nodes: small and ‘cold’ (black/blue) dots are nodes with few relations, big and ‘hot’
(up to red) dots are nodes with many relations; nodes can also be coloured according to categories (for example, types of languages). TM Networks also offers a tool to
convert two-mode networks to one-mode, for those who dare analysing networks on
their own: TOMATOR (Trismegistos One-Mode Generator, http://www.trismegistos.
org/network/tomator); and a tutorial is available from the abovementioned blog59.
Things are now a bit easier than ten years ago: basically, lists of names obtained
from TM can be exported and converted into spreadsheets and subsequently CSV
(Comma-Separated Values) lists that can be automatically processed by programs
like the said UCINET or open-source Gephi (https://gephi.org).
Moreover, the section Networks for articles (http://www.trismegistos.org/
network/articles) provides the graphs of the articles published by the TM members
on the basis of SNA conducted on several different topics. TM network analysis has
been first and foremost directed towards onomastics, for the study of naming patterns, practices, and changes as social indicators, according to the specific interests
of the involved scholars and the long-standing tradition at Leuven, which had led –
just to mention its digital outcome – to the Prosopographia Ptolemaica Online and
later to TM People60.

||
59 http://historicaldataninjas.com/spaghetti-monsters-al-dente. A monograph is also forthcoming
in the TOP series: BROUX – VANBESELAERE 2016.
60 See above, § 3.3; cf. e.g. DEPAUW – VAN BEEK 2009; BROUX – COUSSEMENT 2014; BROUX 2015a; BROUX
– DEPAUW 2015a.
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Network graphs of the ancient names (top) and of the text irregularities (bottom) recorded in TM.

The onomastical relations forming the base of the network graphs are genealogical:
the interest, not precisely prosopographical by itself, is focused on the sociocultural trends of name-giving61, but SNA is also used as a refinement for the automated extraction of onomastical data from the digital texts (Named Entity Recognition, see above, § 3.3), since it can help clustering individuals and families, thus

||
61 Cf. BROUX 2015b; 2015c; 2017; DOGAER 2015; fth.
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highlighting communities62. A modern variation of this kind of analysis is the network of co-publications emerging from the SNA of the data stored in TM Editors,
which looks like an opportunity “to study the papyrological community and its
connectedness through the amicitia papyrologorum”63.
A renovated topographical application of networking has been very recently experimented by Yanne Broux, who thus recovered Mueller’s and Ruffini’s suggestions, enhancing them with the help of network analysis. SNA converts indeed cooccurrences of places in the same texts (including also documents with more than
five topographical mentions, which were excluded by the first two scholars) into
visualizations of settlement and mobility patterns, so that a community detection
algorithm can reveal potential geographical interrelations and hypothetical approximate placements for unknown sites64.
A further implementation of the method is the analysis of epistolary framework,
dealt with mainly by Nico Dogaer with a focus on Demotic letters from Elephantine:
the people and places and the formulas are analysed by means of two-mode networks to map and study personal interactions, geographical communications, and
epistolary patterns65.
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62 Cf. BROUX – DEPAUW 2015b, 307–12.
63 Cf. DEPAUW – BROUX 2016, 208–10 (quotation from p. 210). For trend studies of papyrological
scholarship through bibliography see also above, §§ 2.1–2.
64 Cf. BROUX 2016a and 2016b. Although basic SNA (as the one conducted in the former contribute)
does not convey any information about the actual geographic location of the studied sites, “it is
possible to plot sites on the basis of their coordinates as you would on a map thanks to the Geolayout algorithms in Gephi, the software used to generate networks” (BROUX 2016b, 29). The latter
contribution explores this georeferencing feature, wisely concluding that “deducing geographic
positions from analyses of proximity patters, whether through MDS, network analysis or other
methods, will not present straightforward results. This is not surprising, since the level of similarity
between two places is measured on the basis of co-occurrence in texts, which is not necessarily
defined by spatial proximity, but rather by administrative, social, religious and/or cultural ties”
(BROUX 2016, 31). It is interesting the series of graphs, which shows how the view gets more distorted
the more places are not georeferenced. The combination with more traditional ways for identifying
actual locations is therefore highly recommended.
65 Dogaer presented the research project at the latest International Congress of Papyrology (Barcelona 2016) under the title Epistolary Networks (abstract at http://papyrologia.upf.edu/wpcontent/uploads/book-of-abstracts.compressed.pdf, pp. 134–5). Forthcoming on the subject is
DOGAER – DEPAUW 2017. Social network analysis on ancient letters has already been conducted, e.g.
by CLINE – CLINE 2015 on the Amarna corpus.
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A toponomastic network from BROUX 2016a.

The expansion of TM to texts beyond papyri (see above, § 3.3) now makes it possible
to think in great style: extending NER and SNA methods to Latin texts and to inscriptions could lead to a large-scale analysis of naming patterns as connected to
social practices from across the entire ancient Mediterranean, with a particular focus on the Romanization of the provinces.
Eventually, the goal of Trismegistos is to recreate a prosopography of the Graeco-Roman world.
Reconstructing social networks of the past will help us gain a better understanding of the
mechanisms of interaction in the ancient Mediterranean, not only on the micro level (individuals), but also on the mesa (communities) and even macro (regions, empires) levels. At the same
time connections and communications across these different levels can be analysed: how individuals, as members of local communities, were integrated into larger political structures […],
and how these communities responded to impositions from above […]. Social models, such as
the six degrees of separation theory, can be tested, to check whether our ‘small world’ perception is indeed the result of present-day technology and mass-communication, or if similar
structures of interconnectivity existed, and, if so, what the conditions for this ancient globalization were back then66.

Of course, this goes far beyond Digital Papyrology, since it envisages “a universal
Facebook of the Ancient World”67 – but is a nice example of how Digital Papyrology,
always in the forefront, can prove pathbreaking in adopting new research methodologies and spreading the word beyond its own disciplinary borders. On the other
hand, as happens with any other statistical/quantitative data analysis applied to
papyrological sources, one must be aware of the risks of extracting generalizing
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66 BROUX 2016c, 317 (and see ibid., passim for details); the first results of NER applied to Latin
inscriptions will be published in BROUX fth.
67 BROUX 2016c; cf. DELATTRE – HEILPORN 2014, 327.
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patterns and trends from a dataset which is by nature essentially partial and
chance-based. While operating on small, homogeneous groups of documents (like
some archives, for example) can provide significant results, wider considerations
should be treated with extreme carefulness68: “brute computer force can hardly be
the one and only way to success”69.

7.3 Integrated Scholarly Workspaces

Collaboration, as we saw several times, is a primary trend in Digital Papyrology, and
the openness of the digital tools is a crucial progress along this path. The SoSOL
platform of Papyri.info (see further on, § 8.5) has been a pioneer in developing the
concept of online collaboration, especially in the field of Digital Papyrology, but the
very claim that papyrological resources should be open to the entire papyrological
community and not managed by small research teams is itself not new: in 2001,
while reviewing the first release of LDAB on CD-ROM, Nick Gonis wished that future
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68 A recent critical reconsideration of SNA methods applied to papyrological research has been
made by G. Ruffini, in a lecture titled Reconsidering Network Analysis: An Evangelist’s Skepticism,
presented at the conference “Papyri & Social Networks” (Leiden 2015); abstract available at http://
media.leidenuniv.nl/legacy/abstracts-papyri-%26-social-networks-2015-def.pdf, pp. 2–3. I was not
able to attend that conference, but I am grateful to Giuditta Mirizio who kindly provided me with
some relevant information about it. Ruffini pinpointed issues in the scholarly reception and in the
methodology itself of papyrological SNA, based on incomplete documentation and decontextualized data. A warning about the statistical relevance of papyri has already been given e.g. by BAGNALL
1995a, 62–4 (but see ibid., 64 ff., for cases in which quantitative analyses could be successfully
applied); see also the remarks by HOMBERT – PRÉAUX 1952, 40–1, and SCHEIDEL 1999, 64–5. It should
be considered how new discoveries might change the picture (cf. HOFFMAN – KLIN 2006, 89). On the
uneven distribution of papyrological sources see e.g. PALME 2009, 358–9.
69 MUELLER 2003b, 219.
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releases “should allow the user to interact with the database, to intervene in the way
one would do in the margins of a printed book”70. The more the information technologies develop, the more digitized data grows, and the need for constant update
and correctness makes the work of small teams heavy. Since June 2016, a papyrological version of Uncle Sam pops out of the TM portal, announcing: “We want you for
Trismegistos: do not ask what TM can do for you, but what YOU can do for TM!”71.
The exhortation, here, is to advise about possible mistakes or shortcomings, but
the need for a larger participation to maintain huge repositories of data is undeniable. The more recent platforms for linguistic annotation and data mining on papyri
(Sematia, eAQUA) are open to anyone willing to contribute, under the necessary
control72. These implementations have a double positive effect: they efficiently increase the amount of data and metadata stored in the online repositories, and at the
same time provide the scholars with open environments for advanced research.
The latter objective – to develop digital environments that could facilitate the scholarly work as much as possible – is the purpose of some recent projects aiming at
collecting resources and tools all together, so that the researcher does not waste his
time, nor gets lost in the labyrinth of the ever-growing digital facilities. The Integrating Digital Papyrology project has been pathbreaking in this direction, and I will deal
with it later on (§ 8.4). Since we are now interested in the newest trends of Digital
Papyrology, a particular mention is deserved by the concept behind the PapyLab
online utility planned by the Egyptian colleague Magdy Aly in 2012/13
(http://papylab.org). This was intended to collect in a “virtual papyrological laboratory” a set of utilities for the papyrological research work: reference tools e.g. for
dating, geography, taxes, measurements were planned. To date, the website is unavailable, but the concept behind it recalls a somehow old desideratum, expressed by
Roger Bagnall already in 1998:
There will be some other work needed to give maximum utility to APIS’s front-end software.
For example, it would be helpful, especially to the nonpapyrologists, to incorporate into it a
handy program developed by the Belgian scholar Willy Clarysse that converts the dates in the
papyri into Julian form. For example, if you came across a text dated to the sixteenth regnal
year of Antoninus Pius, the month of Pachon, and the third day, probably only five people in
the world could tell you without looking it up that this was A.D. April 28, 153. With Clarysse’s
converter, you would simply pull up a window into which you would type the emperor, the
year, the month, and the day, and up would come the answer. Over time, of course, it is easy to
imagine other such tools that would be handy. For starters, how about incorporating digitized
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70 GONIS 2001, 422.
71 Cf. http://www.trismegistos.org/about_how_to_cite.php. The image is reproduced in the previous page.
72 This is not purely a papyrological trend: eAQUA deals with classics in general, and see also the
Perseids project, “a collaborative editing platform for source documents in classics” (http://
perseids.org/sites); cf. ALMAS – BEAULIEU 2016 and see above, § 3.3.
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versions of the maps of Egypt being prepared for the Atlas of the Greek and Roman World?
Then you could type a place-name encountered in the papyrus into the pulldown dialogue box
and have a map of Egypt pop up showing where it is. This dream will take a little longer; but it
is realizable73.

Bagnall’s dream is almost accomplished, and in a more efficient scenario: the geographical utility (I am of course thinking of TM Places: see above, § 3.3) is now a
scholarly tool that helps contextualizing the texts and hopefully studying spatial
patterns. Clarysse’s calendar itself (a Mac-compatible HyperCard shareware application called DateConverter74) evolved into a resource integrated in the Trismegistos
portal: TM Calendar (http://www.trismegistos.org/calendar), a relational database
connected to the TM framework (see above, § 3.3), which is able to convert Ptolemaic and Roman regnal years, indiction years, Diocletian era years, and consular years
into Iulian dates, providing also links to documents dated (exactly or loosely) to the
period searched for. From the left-hand menu it is also possible to browse lists of
periods, dynasties, rulers, years, centuries, and even new moons. The date range
covered by TM Calendar is 3000 BC to AD 1000 (regnal years: 746 BC – AD 641). The
integration with the textual metadata makes this calendrical utility different than
other similar resources available online, where one could find some interesting
features anyway: Chris Bennett’s Chronological Tables (http://www.tyndalehouse.
com/Egypt/ptolemies/chron/ chronology.htm) are a set of Excel/HTML/CSV tables
displaying the Iulian correspondent for dates in the Egyptian and Roman chronolog-
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73 BAGNALL 1998, 551 (and cf. also BAGNALL – GAGOS 2007, 65, for a similar desideratum expressed in 1992).
74 Cf. QUENOUILLE 2016, 11 (from which is taken the picture in the next page). It was presented at the 20th
International Congress of Papyrology at Copenhagen, in 1992: see Appendix 1, below (cf. KRAFT 1992).
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ical systems, but also in the Babylonian, Macedonian (missing75), Olympic, and
Athenian (missing) systems, which are not considered by TM Calendar for now (note
that Clarysse’s software supported a wider range of chronologies: ab Urbe condita,
era of the martyrs, era of Oxyrhynchus, Olympiads). Excel files are available also for
consular years and Egyptian lunar cycle (below in the page); for each system is also
provided an introductory discussion. It must be noted that the chronological tables
belong to a website devoted to the Ptolemaic dynasty (http://www.tyndalehouse.
com/Egypt/ptolemies/ptolemies.htm), with also introductory sections and useful
genealogies. The Date Converter for Ancient Egypt, developed by Frank Grieshaber
(Seminar für Alte Geschichte und Epigraphik, Universität Heidelberg; http://
aegyptologie.online-resourcen.de), provides a search engine for the dates of the late
Pharaonic, Ptolemaic and Roman periods, in this case via drop-down menus and
number selectors for days and years.

It is apparent that a more extended integration of such calendrical utilities, not
only in the metadata catalogues but also in the textual databanks, would be of great
benefit for the researchers. And why not implementing (as planned by M. Aly) simi-
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75 “On his [sc. Bennett’s] welcome page he made clear that health problems stopped him from
updating it much in the last few years, and his recent death raises questions about the future of the
site in the mid- to long-term: should it be at least preserved as it is? Should someone take it over,
and try to update or even expand it? We do not know if he expressed his will about this, and we do
not think this particular case should be discussed publicly, if not to call the scholarly community to
reflect on what to do in such a situation, which is bound to happen again and again in the future”
(DELATTRE – HEILPORN 2014, 328).
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lar help tools for the easy and quick reference of tax rates, units of measure, currencies, etc., which would be of great usefulness during research? Eventually, an integrated scholarly workspace that could provide the papyrologists with the most possible work tools at their fingertips is not that science-fiction. A project developed
between 2005 and 2009 at the University of Oxford under the guidance of Alan
Bowman and colleagues explored the possibility of building a Virtual Workspace for
the Study of Ancient Documents (VWSAD) as a Virtual Research Environment (VRE)
that could provide direct and integrated access to dispersed resources such as images, lexica, text corpora, etc., with cross-search and advanced editing options, a virtual workspace to process research data, and applications favouring collaboration
among scholars. Admittedly inspired by the integrating papyrological projects such
as APIS, the Duke Databank, and the Vindolanda Tablets Online (see below, § 8.6),
the experimental prototype was directed to the decipherment and textual analysis of
damaged and degraded ancient documents (papyri, writing-tablets, and inscriptions), with a strong focus on the archaeological materiality of the written objects,
and directly linked to the Oxford developments in reading Roman tablets by means
of digital techniques76. A somewhat similar workspace, again developed at Oxford
and called Perseus, will be discussed later on (§§ 8.6–7).
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76 Presentation by A. Bowman at the 25th International Congress of Papyrology (Ann Arbor 2007);
unpublished paper, see abstract at p. 6 of the Proceedings. Cf. BOWMAN – CROWTHER – KIRKHAM –
PYBUS 2008 and 2010; DE LA FLOR – LUFF – JIROTKA – PYBUS – KIRKHAM – CARUSI 2010; HARLEY – ACORD
– EARL-NOVELL – LAWRENCE – KING 2010; BABEU 2011, 152 ff.; and the web pages http://bvreh.
humanities.ox.ac.uk/news/e-Science_Demonstrator.html and http://bvreh.humanities.ox.ac.uk/
VRE-SDM.html, where one can find also some screenshots of the prototype. On imaging of Roman
tablets see above, § 5.4.

