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Abstract

This paper explores the integration of traditional philological methods with computational
approaches, aiming to establish a more effective and rigorous framework for textual scholarship.
To this end, we propose a preliminary set of evaluation criteria—familiarity, transparency,
completeness, compactness, consistency, and machine-actionability—to classify digital scholarly
editing tools. Using this framework, we suggest adopting a methodology we call DSL-based DSE
for the digital scholatly editions of the Herculaneum papyri in our case study, the ERC Advanced
Grant 885222-GreekSchools.

Following our description of the methodology and the role of Domain-Specific Languages, we
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introduce CoPhiEditor, a software platform that supports the creation of Digital Scholatly
Editions by implementing this methodology. This formal approach enables scholars to retain
familiar editorial workflows while benefiting from machine-actionable data representations and
computational functionalities. CoPhiEditor offers several key features: a recursive data model
for flexible text representation, automatic error-checking and suggestions system, TEI-
conformant serialization for standard data output, and advanced collaboration capabilities that
streamline teamwork on shared projects. Furthermore, its extensible and domain-agnostic
architecture makes it applicable to a wide range of scholarly editing contexts. Ultimately,
CoPhiEditor enables philologists to integrate digital tools without sacrificing their established
editorial practices.

Keywords: Domain-Specific Languages, Computational Philology, Digital Philology, DSE tools

Questo articolo esplora l'integrazione di metodi filologici tradizionali con gli approcci
computazionali, con l'obiettivo di stabilire un framework pit efficace e rigoroso per lo studio
scientifico dei testi. A tal fine, proponiamo un insieme preliminare di criteri di valutazione per
classificare gli strumenti digitali di edizione scientifica: familiarita, trasparenza, completezza,
compattezza, coerenza ¢ machine-actionability. Utilizzando questo framework, suggeriamo
l'adozione di una metodologia, che definiamo DSL-based DSE, per la creazione delle edizioni
digitali dei papiri di Ercolano nel contesto del progetto ERC Advanced Grant 885222-
GreekSchools, che costituisce il nostro caso di studio.

Dopo aver descritto la metodologia e il ruolo dei linguaggi specifici di dominio (Domain-Specific
Languages), presentiamo CoPhiEditor, una piattaforma software che supporta la creazione di
edizioni scientifiche digitali implementando tale metodologia. Questo approccio formale
consente agli studiosi di mantenere i consueti flussi di lavoro editoriali, beneficiando al contempo
di rappresentazioni dei dati machine-actionable e di funzionalita computazionali. CoPhiEditor
offre diverse funzionalita: un modello dati ricorsivo per rappresentare la risorsa testuale in
maniera flessibile, il controllo automatico degli errori e un sistema di suggerimenti, la
serializzazione in formato standard XML-TEI e capacita collaborative avanzate che ottimizzano
il lavoro su progetti condivisi. Inoltre, la sua architettura estensibile e indipendente dal dominio
ne amplia l'applicabilita a contesti diversi dalla papirologia. L'obiettivo di CoPhiEditor ¢
permettere ai filologi di integrare nel processo editoriale strumenti digitali senza rinunciare alle
loro pratiche consolidate.

Parole chiave: linguaggi specifici di dominio, filologia computazionale, filologia digitale, DSE
tool

Introduction

Traditional philology has established its own methods for the study of texts which, over time,
have crystallized into rigorous processes and methodologies, albeit with differences due to the
context of reference. On the other hand, the advent of digital and computational philology is
changing the traditional working paradigm by proposing new analysis methods. An example is
the encoding of texts using the TEI guidelines! [46]. In this context, we believe it would be
interesting to investigate the relationship between the rigor of traditional methods and the

thttps://tei-c.org/Vault/P5/current/doc/tei-p5-doc/en/html/ (P5 Version 4.9.0. Last updated on
24th January 2025, revision £73186978)
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efficiency of the computational approaches. Textual scholars, of whom philologists are part,
often perceive this paradigm shift as an imposition, and the available technological tools as
inadequate or frustrating [1][2][3][9]. On one hand, representing philological knowledge in a
machine-actionable model presents an intrinsic challenge, often resulting in tools whose design
risks prioritizing technical convenience over methodological coherence; on the other hand, there
remains a widespread reluctance to adopt novel approaches that could enhance scholars’
workflows. This separation between the philologist's needs and the availability of tools that are
not always aligned with the theoretical foundations of philological methods hinders a fruitful
synergy between knowledge, methods, and instruments within traditional scholarly contexts.

Our aim is to contribute to the convergence of models, fostering a unified framework that
effectively supports the work of philologists. By addressing the specific needs and challenges of
textual analysis, we strive to develop an effective platform dedicated to the scholatly study of
texts. We are limiting the scope of this challenge to the creation of Digital Scholarly Editions
(DSEs) using digital and computational philology tools. This platform should integrate advanced
digital tools and methodologies to enhance the analysis, annotation, and interpretation of textual
data of literary and historical significance. Our research is developed as part of the ERC
Advanced Grant 885222-GreekSchools, The Greek philosophical schools according to Europe’s
eatliest history of philosophy.

Thus, the papyrological editions produced within the project provide a natural testing ground
for our approach. For this reason, we will include a section dedicated to the GreekSchools
project and its edition structure to provide all the necessary information for understanding the
connection between the methodological framework, the software platform, and the edition
workflow.

This article is structured into two main parts. The former describes the proposed theoretical
approach to DSE using Domain Specific Languages (DSLs) as defined in [5]. The latter part
illustrates an implementation of the above-mentioned approach. After providing an overview
of the similar initiatives and tools , focusing on the available digital and computational software
applications as well as some key infrastructural projects. Next, we explore the use of Domain-
Specific Languages in digital philology. The following section highlights the GreekSchools
project as a prime example of the benefits of digital approaches for textual scholarship and
describes some challenges in Digital Scholarly Editing. We then introduce CoPhiEditor, a
platform designed for creating Digital Scholarly Editions using the DSL-based DSE
methodology, and finally conclude by highlighting the central conclusions.

An Overview of Digital Scholarly Edition Tools and Initiatives

Despite numerous initiatives in the Digital Humanities (DH) field, experts in philological
disciplines still lack fully effective digital and computational tools [54]. Some examples of tools
developed for the production, publication and analysis of digital editions are Textual
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Communities? [47], LEAF-VRE? [48], TEI Publisher* [49], EVT?> [36][37], CETElcean [50],
Voyant Tools® [51], EFES [55], and MQDQ?8 [38], while initiatives such as Canonical Text
Services? (CTS) [52] and CollateX' [40] have defined shared protocols within the scholatly
community. Some of these tools focus on a specific challenge; for example, EVT and TEI
Publisher are dedicated to the digital publication of TEI-conformant editions, while Voyant
Tools focuses on the analysis of digital texts, CollateX supports the collation of texts, and
MQDQ is a digital archive platform. Over the years, initiatives such as Bamboo!! [39],
Interedition'?, and DiXiT"3 have emerged one after another, aiming to develop effective methods
and tools to support humanities studies. Nowadays, the major effort, aimed at organizing and
managing tools, resources, services, as well as training activities, falls on infrastructural initiatives
such as DARTAH', CLARIN', and Parthenos!®. Among these, the SSHOC!7 (Social Sciences
& Humanities Open Cloud) project is of particular interest as it falls within the objectives of
the European Open Science Cloud. Indeed, infrastructure is necessary to support tools and
essential for ensuring their long-term sustainability. With regards to the annotation of the text,
another notable approach is Euporia [9], which belongs to the set of tools for Digital Scholatly
Editions that support collaboration and text annotation, such as CATMA'S, INCEpTION",

2https: / /textualcommunities.or:

3https:/ /www.leaf-vre.org

4https://teipublisher.com
Shttp://evt.labed.unipi.it
Shttps:/ /vovant-tools.org

Thttps://github.com/EpiDoc/EFES

8http://mqdaq.it

%http://cite-architecture.github.io/ctsurn spec

10https:/ /collatex.net

1One of the earliest attempts to develop an interoperable and multi-institutional infrastructure

12Which developed microservices for textual scholarship: http://www.interedition.eu/

BInvestigating the intersection of humanities and computer science in digital scholarly editions:
https://cordis.europa.eu/project/id /317436

14https://www.dariah.cu/
5https://www.clarin.cu/

16https://www.parthenos-project.eu

17https:/ /sshopencloud.eu

18https://catma.de/
Phttps://inception-project.github.io
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GATE workbench?’, BRAT?!, Hypothes.is?%.

Among the reference initiatives in the field of digital papyrology, we tecall the Papyri.info??
project, which not only provides useful tools for the drafting of texts to support the editorial
process with subsequent data persistence management, but above all highlights a design and
development attitude aimed at including the reference community, responding promptly to its
needs. Among the notable features of Papyri.info are the tracking of accesses and changes to
the document, the use of a Domain-Specific Language (DSL) [4][5][6][7] for text editing
(Leident), the SoSOL editing tool,?*, and an advanced search engine. Nevertheless, we believe
that there is room for improvement regarding: (a) the possibility of processing textual data, (b)
support for collaborative editing, (c) the use of multiple DSLs other than Leiden+ (e.g, for
encoding apparatuses), (d) the integration of facsimile sources, and (e) software usability.

An attempt to classify Digital Scholarly Editing tools

As is well known in digital textual scholarship, creating a Digital Scholarly Edition (DSE) is
complex [19]]20], and multidisciplinary collaboration poses significant challenges [3][21][22].

When creating a DSE, scholars face multiple choices, ranging from editorial conventions and
primary sources to editing and publication workflows. Selecting the most suitable technological
environment can therefore be challenging without any direction to lean on.

In this sense, guidelines would be useful to facilitate the selection of the most suitable tool for
creating a DSE. To this end, we propose a formal framework of dimensions—namely familiarity,
transparency, completeness, compactness, consistency, and machine-actionability—for
classifying tools in the context of digital scholarly editing;

These dimensions are, in part, derived from the concepts articulated in [9][10][11]; definitions
for each are provided below. By familiarity, we refer to the possibility for the scholar to maintain
their typical working paradigm while editing the digital text. This aspect is important, as changing
the working environment is not always feasible or recommended. Transparency indicates the
amount of technical knowledge required to adopt the proposed approach (a preliminary
investigation on this topic is described in [12]). This dimension is taken into consideration when
the domain experts (i.e., the philologists) are not accustomed to technology. Completeness refers
to the amount of information that can be expressed (see also [13] for further details). This
dimension is crucial because the domain experts must have the maximum freedom of expression
to capture all textual phenomena. Compactness refers to the relationship between completeness
and the extent of formalization in terms of Bytes and human readability (for specific references,
see [14][15]). The role of this dimension is exemplified by the extremely compact critical
apparatuses that convey a significant amount of information within a limited space. Consistency

2Ohttps://gate.ac.uk/
2thttps://brat.nlplab.org/
22https://web.hypothes.is
Bhttps://papyri.info/

24The SoSOL tool uses the Leiden+ textual conventions as an intermediate syntax to encode TEI
EpiDoc which is an ODD-based customization of the TEIL
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implies describing or treating the same phenomena uniformly across all instances; this implies
that the representation of the same type of information is unambiguous. This is not always
guaranteed by all the solutions considered; for example, it is possible to encode an abbreviation
in XML-TEI in different ways within the same context (adopting the elements choice, ex, expan,
etc.) without the guarantee of using the established editorial convention. Finally, the ability to
extract or deduce information from the data is indicated by the machine-actionability dimension
(an intrinsic characteristic of formal languages, described by a formal grammar and commonly
accompanied by other source code processing components such as the lexer and the parser [4]).

By classifying the tools using these six dimensions, we identified four macro categories of
approaches to DSE, which we believe represent sets of similar tools: word processors, structured
text, GUI-centric tools, and DSLs. Naturally, this type of classification requires further
refinement and exploration to account for the subtle differences and specific features of current
tools.

All Microsoft Word-like tools—such as the Classical Text Editor>—would fall into the word
processors category. The structured text category would includes tools highly focused on the
use of structured text, such as the Oxygen XML editor?. GUI-centric tools encompass those
that rely heavily on graphical user interface interaction, such as CEED [42] and Cadmus?’ [53].
Finally, the DSL category includes the tools that place Domain-Specific Languages at the core
of their functionality.

The results of the classification attempt are presented in Figure 2, highlighting key advantages
and limitations of different text editing approaches in terms of familiarity, transparency,
computational applicability, compactness, consistency, and machine-actionability. For instance,
the word processor category is both familiar and transparent to editors, as it aligns well with
traditional writing and editing practices. However, despite its ease of use, this approach presents
significant challenges when applying computational methods. Therefore, the primary limitation
stems from its poor machine-actionability—word processors are designed for human readability
rather than structured data processing, making automated analysis and transformation difficult.

25https://cte.oeaw.ac.at

2https:/ /www.oxygenxml.com/

2Thttps://cadmus.fusi-soft.com
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Figure 1: Analysis of Approaches to Textual Editing

The structured text approach, in contrast, provides a framework that facilitates the application
of computational methods. By enforcing a predefined structure, it allows for better integration
with automated tools and algorithms. However, this approach does not inherently guarantee
consistency across the entire text, as it requires users to adhere strictly to formatting rules, which
may introduce variability or inconsistencies if not carefully managed.

The GUI-centric approach offers a different balance of strengths and weaknesses. It is designed
to be highly machine-actionable and provides an intuitive interface that makes editing more
accessible. However, this method is not as deeply embedded in common scholarly practices,
meaning that users may require additional training or adaptation to fully utilize its potential.
Furthermore, while the GUI-centric approach streamlines certain aspects of handling text such
as admissible values, it lacks the compactness and direct control provided by manual text editing,
which scholars find more flexible.

It might seem that relying on DSLs is the only way to maximize all six dimensions. Figure 1
might suggest that adopting DSLs is the most obvious choice in every context and resolves every
limitation present in other approaches.

Obviously, this is not the case; the limitations of DSLs, in our use case, represent marginal
obstacles while maintaining all the characteristics we consider important in an effective editing
platform for papyrological texts.

It therefore seems appropriate to compare some weaknesses of DSLs with respect to other approaches.
A DSL, being expressed in plain text, must forgo the semantics attributed to formatting such as bold
text, adopted in many editorial practices by philologists who use word processors (for example, to
indicate Jiterae suppositae in the diplomatic ranscriptions). A less elegant but equally effective solution is
the use of minimal opening and closing markers, as in the Markdown language (e.g, **a boldface
text in Markdown**). A DSL appatently provides less control over text input; however, a good
editing component for formal languages (e.g;, Monaco, Ace, CodeMirror) is not only able to sighal syntax
errors, but also provides suggestions for their resolution and autocompletion mechanisms. Finally,a DSL
has more limited expressiveness compared to a complex markup schema like XMI-TEIL However, this
is only apparently a weakness. In fact, a DSL arises from the need to identify a specific context in which
the language allows to easily, compactly, and consistently describe all the peculiarities of its domain, but
it can be extended with additional modules just as with XML-TEL
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The DSL-based DSE methodology

We believe that leveraging the DSIL-based DSE methodology [35] offers a robust framework for
the creation of DSEs. To demonstrate this potential, we have developed a proof-of-concept
software platform that exemplifies our vision for shaping future tools based on Domain-Specific
Languages (DSLs) 52 . In particular, we applied this methodology to the GreekSchools project
to support the creation of challenging papyrological editions of herculaneum papyri.

Our DSL-based DSE methodology for digital scholatly editing emphasizes that tools for DSE
should offer a familiar (or at least easy-to-learn) environment that facilitates the editing process
and enables seamless collaboration among scholars on a Digital Scholatly Editing web platform.
We chose a DSL-based approach after analyzing various text editing solutions (see Fig. 1) in
relation to the six proposed dimensions outlined in the previous section.

Since the methodology relies on DSLs, we will now provide a definition. A DSL is a language
defined by a formal grammar (usually a Context-Free Grammar) and designed for a specific
domain of knowledge or activity. The constructs and lexicon of general-purpose languages (or
metalanguages), such as Python, or descriptive languages, such as XML, often deviate
significantly from natural language or formalisms familiar to specialists in the humanities [8].
Thus, the digital philologist finds themselves encoding texts in a way quite distant from the
practices of traditional philologists: consider, for example, a critical apparatus represented in
XML-TEI compared to a critical apparatus drafted by a papyrologist. One of the major
advantages of a DSL is therefore the familiarity with the formalisms adopted within a domain
of knowledge that boasts its own tradition of studies, which has allowed, over decades if not
centuries, to optimize the representation of information relevant to the object of study. This
implies the compactness of a DSL. compared to a general-purpose language, because—as
Shannon's information theory establishes—what occurs more frequently can be encoded with a
smaller number of characters (through symbols or abbreviations perfectly understandable and
familiar to the specialist), while what occurs less frequently requires a more verbose encoding;

Using a DSL in this context allows maintaining the main focus on the text without losing the
advantages of a structured approach for the representation of textual information in which all
data are made explicit (for example, through XML encoding). Furthermore, the representation
derived from the automatic interpretation of the DSL opens up the possibility of using complex
data processing techniques (e.g, statistical analyses and semantic classifiers, syntactic consistency
checks, etc.).

To make a DSL accessible and familiar to scholars, it is essential to allow domain experts (e.g,,
philologists) to select intuitive editing conventions. In most cases, these conventions ovetlap with
standard editorial and ecdotic practices, resulting in DSL syntax that closely resembles the usual
layout of the actual text in the final edition.

For this purpose, we have decided to adopt the Domain-Driven Design (DDD) [16] principles
for software design and development. We believe, in fact, that the principles and practices
advocated by DDD are capable of rigorously and satisfactorily defining the specificities of the
traditional philological method, enriching it, without forcing it, while enhancing it with the
benefits of modern technologies, without compromising its integrity.

In particular, the process of defining and disambiguating concepts is realized through the
creation of a shared lexicon —the ubiquitous language— that bridges the gap between domain
experts with a philological background and computer scientists. For example, while the terms
“supplement” or “fragment”may be clear to a domain expert, each should have a unique formal
definition directly implementable in software. This methodology not only aids in modeling but
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also fosters a deeper understanding of domain concepts.

Once a DSL is well-defined, the text can be composed in such a language, capturing all relevant
textual phenomena. This representation retains the implicit encoding of such phenomena
through editorial conventions. Subsequently, the text can be processed using a parsing function,
which generates an Abstract Syntax Tree (AST)—a hierarchical structure that explicitly
represents the text and its phenomena in a machine-readable format. The Abstract Syntax Tree
(AST) serves as the foundation for associating computational functionalities with the text. In
Figure 2, the editorial insertion “<a>” is edited as formatted plain text (in the middle), is
recognized by the Context-Free Grammar (on the left) that defines the DSL, and is transformed
into the AST node “editIns” (on the right). This exemplifies the DSL-based DSE approach.

pav imi Tag fvop|yst

(_editorechar ) (nypnen ) : 9¢ Acppavovra, xalfun-
18 3t Toldrav TeAfwg ¢(m
x{alpsartelv toug prtopalg.
aGAAa uav év T xoxlo-
cxcuaZerv to mpox[eilufe- © LANG:
vov npog oufitv Eoimev P grcseq
néyeiv- ol yap fiv povie- B GRC_CHARa
pérepo ta xotr' adra Acfi-
nuv, Onép v énoigy
tol]ig Adyoyg- @AAa talro
2 . O =
20 pt)v eimapoxoAo(én
1o nldleiv dvro négluxe,
ool 8161 Blov ewel).. L.
28 coeves Jefeadecelonaiage

® dipleObelismene

Figure 2: Example of DSL-based DSE method: Context-Free Grammar diagram (left), DSL-based
editing (centre), Automatic recognition of textual phenomena from the DSL (right)

To demonstrate the practical implications of adopting this methodology for philologists, we now
present how the editorial workflow operates using a real example: an excerpt from papyrus
P.Herc. 1004, column 64. Suppose the philologist intends to edit the following Greek text: @@v
&mi 1g Evag[yei-. The text would be typed much like in a standard word processor. Despite
being a short character sequence, it encodes several editorial interventions, such as an editorial
correction (i.e., @), a supplement (i.e., [yel), and a hyphenated line ending, We assume that a
Context-Free Grammar has already been defined to describe such editorial interventions. A
fragment (i.e., a production rule) of this grammar might be:

grcUnit: (editGrcChar | rightSuppl | grcSeq)+ hyphen?

This rule states that a Greek textual unit consists of one or more elements—corrected
characters, supplements, or standard sequences of Greek letters—optionally followed by a
hyphen.
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Figure 3: DSL serialization into the Intermediate XML

To automatically recognize these editorial phenomena, a software component—the parser—
generates an Abstract Syntax Tree (AST) that represents the text as a hierarchical structure
according to the Context-Free Grammar. The AST is a data structure that can be serialized, for
instance, into an intermediate XML fragment (see Figure 3). From this point, transforming the
XML-serialized AST into TEI-compliant encoding involves applying an XSL'T?8 transformation.
This transformation produces a representation of the same editorial phenomena using TEI
elements such as <corr>, <supplied>, and <1b>, along with the attribute @break (see
Figure 4).

=1lbh n= f= pay £mi AL EWE<Car’ resps =g COFT =

=supplied 150M= =yEi</supplied=<1h = end="-"f=

Figure 4: XML-TEI representation of the Greek edited text

As stated in [35][61], this approach offers several advantages. First, it lowers the technical barrier
for domain experts, allowing them to input (almost) the same text they are already accustomed
to. Second, it provides a clear separation between input and output formats. By leveraging the
intermediate AST serialization in XML, all editorial phenomena can be retained in a form best
suited to the philologist. At the same time, generating different output formats for different
purposes becomes much easier than editing a TEI-XML document directly. For instance,
modifying the encoding model or switching to a different version of TEI only requires adjusting
the XSLT transformation for the intermediate XML, without risking changes to the original

28https:/ /www.w3.org/ TR /xslt-30
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encoded text (which is the DSL). This ensures the long-term preservation of the information
while enhancing interoperability with other tools and systems used in the field of digital
humanities. Moreover, other output formats such as DOCX or PDF can also be supported using
the same intermediate XML. In addition to export formats, computational features can also be
attached to the AST.

The main disadvantage of this method is that DS grammars and their associated features must
be developed and initialized before use. The same applies to the XSLT transformation functions,
which must be prepared by experts to preserve the intended semantics of the edited text.

It is worth noting that the DSLs used for text editing are not limited to ad hoc formal languages.
One could also adopt existing formats such as Leiden+ or even a dialect of XML (including
XML-TEI). Furthermore, DSLs can be composed and embedded, allowing one DSL to be
seamlessly integrated into another.

The GreekSchools Project

In this section, we provide a description of the ERC Advanced Grant 885222-GreekSchools %,
The Greek Philosophical Schools According to Europe’s Earliest History of Philosophy. Towards a new
pioneering critical edition of Philodemns® Arrangement of the Philosophers.

This section aims to describe the structure of the papyrological editions and to provide a glimpse
into the philological challenges inherent in implementing a tool that supports the entire editorial
process of making a DSE. Consequently, we intend to use the GreekSchools challenges as a
testing ground for both the DSL-based DSE methodology and the CoPhiEditor tool.

The GreekSchools project object of study is a precious treatise: the Index of Philosophers by
Philodemus of Gadara (75-50 BC) — also known as the Syntaxis — whose original papyti are in
poor condition and whose available editions are outdated. Consequently, GreekSchools aims to
produce a new Open Access digital scholatly edition of the entire treatise, which includes six
papyti, equipped with paleographic and literary transcription, corresponding critical apparatuses,
commentaries, and translations.

The philologists working in the GreekSchool project are reconstructing the Greek text conveyed
by the Herculaneum papyti, most of which are carbonized and highly damaged.

The diplomatic transcription records the visible text from a portion of a papyrus comparing
dubious readings with other witnesses such as the Oxonienses and Neapolitans drawings and
the copper engravings, with all details about surviving vestiges specified in the form of a
paleographic apparatus. Once the diplomatic transctiption is complete, the literary transcription
is prepared to display the reconstructed text, its subdivision into words, and the accents. Editorial
choices made at this stage are documented in the philological apparatus which records novel
conjectures and the readings of previous editors. Finally, a translation of the ancient Greek text
is typically provided in either Italian or German. Figure 5 presents an excerpt from the printed
edition of column 64 of the papyrus PHerc. 1004, illustrating the format of a papyrological
edition within the context of the GreekSchools project.

To produce the edition, scholars typically collaborate through in-person workshops, bringing

29 https://greekschools.eu
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together experts from various fields, including papyrology, ancient Greek studies, and history.
These workshops focus on intensive editorial work targeting specific sections of the text
intended for publication.
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Figure 5: An example of edition for the PHerc 1004 Col. 64 papyrus

CoPhiEditor

In this section, we introduce the features of CoPhiEditor [23][24], a web-based collaborative
authoring platform for Digital Scholarly Editions (DSE) that implements the DSL-based
methodology described in previous sections. We will provide an overview of its capabilities and
functionalities.

The two primary goals of CoPhiEditor are to support papyrologists in producing a new critical
edition of the Arrangement of the Philosgphers by Philodemus of Gadara and to provide scholars
with a text-centered authoring platform that implements the DSL.-based DSE methodology [35].

Although CoPhiEditor is being developed as part of the ERC Advanced Grant 885222-
GreekSchols project, its design is meant to be domain agnostic. This is achieved both at the
software architecture level and also as a consequence of choosing the Domain Specific
Languages to address domain specific requirements. Our objective is to ensure that the software
platform is easy to learn, maintaining a low learning curve by allowing scholars to adhere to their
well-established editorial conventions. At the same time, the platform enables the automatic
generation of a TEI/EpiDoc-compliant [43] digital edition from the edited texts, seamlessly
bridging traditional practices with modern technological standards. In this article, we will not
delve into the implementation choices and technical details of the software. The platform is
available on the official website®, but accessing and editing the texts requires credentials. The

30 https://cophieditor.goreekschools.eu
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source code for the platform is available on GitHub?!, although most of the repositories are
currently private due to the GreekSchools project policies. However, they will be made public
by the end of the project. For the same reason, the demo site for the platform is still on hold.

Data representation

First and foremost, we will discuss how data is represented within CoPhiEditor. The underlying
model for the text is based on the recursive data representation described in Omega [24][33]. We
call such a model a unit within CoPhiEditor.

A unit represents any portion of text, ranging from entire works and single chapters to
apparatuses, comments, annotations, or even smaller segments. This uniform representation
provides maximum flexibility in determining the granularity of the annotated text and allows for
infinite hierarchical depth in annotations.

The distinction between different types of text is defined by the DSL associated with each unit.
In addition to the DSL and the actual text, a unit includes a set of metadata that describes
attributes such as its title, creation date, references to other units, and pointers to the specific
text portions they relate to. From a technical perspective, this data is represented as a JSON
object on the web application and stored in a database. The type of database (relational, object-
oriented, XML, etc.) is abstracted from the user. In our case we opted for eXist-db54.32

The annotation model inside CoPhiEditor is also compatible with the Web Annotation Data
Model?? (WADM) and makes it possible to derive the WADM representation of the comments.
Although this representation is not meant to be directly read by philologist, WADM is a well
known W3C standard that “describes a structured model and format to enable annotations to
be shared and reused across different hardware and software platforms” and in our viewpoint,
ensuring the compatibility with this standard is an important step toward interoperability and
social [25] and assertive scholatly editing [26]. Moteover, since the texts of the edition are
constantly changing until they are considered #e varietur (i.c. it must not be changed) by the editor,
the comments may refer to some content that has been modified or that is not present anymore.
In this case, the comment itself may be (or may be not!) considered obsolete, incorrect, or no
longer relevant. WADM defines the concept of state that “provides the information needed to
retrieve the correct representation” of the annotation. This way CophiEditor can manage
comments to the text that have been changed to notify the editor of a specific edition.

The Use of Domain-Specific Languages

In CoPhiEditor, a DSL defines a specific type of text intended for editing as part of creating
the critical edition.

In the GreekSchools project, for example, there are six different DSLs that represent the
diplomatic and literary transcriptions, paleographic and philological apparatuses, the modern
translation, and the sources for a given column or fragment of papyrus.

At first glance, the need for up to six different DSLs to edit the text may seem like an unnecessary

31 https://github.com/orgs/CoPhi/teams/greekschools/repositories

32 https://exist-db.org

33 https://www.w3.org/ TR /annotation-model/, https://www.w3.org/ TR /annotation-protocol
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complication. However, the key idea is that each DSL is designed to address a specific
philological “textual representation,” in line with the principle of “generic tools and specific
languages” [60] and the Domain-Driven Design bounded context pattern [16]. Moreover, each
DSL is designed by researchers in close collaboration with expert papyrologists (following the
DDD approach), as the language must represent, unambiguously but in a way very close to
traditional practices (see Figure 6 as an example), the information necessary to produce the
diplomatic and literary editions of the papyrus text and their respective apparatuses. This form
of co-design requites continuous meetings and iterations throughout the platform's
development process. The result is a formal language that, in the majority of cases, exhibits a
close correspondence with the philologist's community-based editing style, while preserving its
machine-actionability.
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Figure 6: Compatison of Literary Transcription in Printed Edition (left) and DSL (right)

Once the text of a unit is parsed into its AST it is possible to attach several computational
functionalities. For example consistency checks and error detection are useful to identify non-
compliance with editorial conventions. Figure 7 illustrates the tree representation of a fragment
of the apparatus, where a closed parenthesis is flagged as an error due to its non-conformance
with the editorial rules defined in the DSL grammar. This approach enables the system to notify
the editors of such errors — errors that, from the perspective of a given DSL, constitute syntax
errors —, allowing them to address the issues and ensure a final result that better aligns with their
intentions.
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Figure 7: Example of automatic error checking using a DSL

Another application of our approach concerns the implementation of an advanced search
engine capable of efficiently navigating the encoded textual data. This functionality would allow
users to perform complex queries, retrieve specific information, and explore the content
thoroughly (the platform uses a specific implementation of Lucene®* search engine customized
for hierarchical structures —specifically, the textual units in our case— in addition to full-text
sequences).

In cases where it is possible to automatically propose conjectures, the platform will submit a list
of candidates to the editot's judgment, implementing computational language models [56]. For
example in the GreekSchools project we trained a prediction system for the ancient Greek
language based on a Maximum Likelihood Estimation (MLE) n-grams model [57] and BERT-
like models [58][59].

CoPhiEditor also provides the capability to export the entire edition of a papyrus or a portion
of it to TEI/EpiDoc [43] to support digital edition publication, as well as to the DOCX or other
formats required by publishers that can be used as a basis for the printed version of the same
edition.

Software Architecture

From a technical point of view, the platform's architecture (see Figure 8) is built upon
microservices [45], with each one dedicated to a specific isolated feature. These features include
authentication, authorization, data storage, IIIF viewer, DSL. management, collaboration among
users, and the web application itself, which serves as the entry point for users to interact with
texts and witnesses.

34 https://lucene.apache.org/
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Figure 8: CoPhiEditor Architecture

The architecture includes the Angular web application, which acts as the interface between the
users and other services; a set of DSL Services, each complying with a shared RESTful API [32]
definition inspired by the Language Server Protocol,?® offering error checking (as in the example
in Figure 7), suggestion, and export capabilities; an Authentication Service providing a unified
API for logging users into CoPhiEditor with different providers (OAuth2, SAML, username and
password);a Data Service offering a RESTful API for data persistence and communication with
the eXist-db [34] database; and the OT Service which enables two-way communication between
the service and the client,* notifying the web application of events related to textual data and
changes via a WebSocket and Operational Transformation.

Support for Different Types of Editions

CoPhiEditor was initially developed to address the editorial challenges of digital papyrology.
However, as the web platform is adaptable to domains beyond its original scope, its design is
intentionally oriented toward a domain-agnostic and cross-domain environment.

Supporting multiple domains is achieved by providing a corresponding set of DSL services
tailored to the specific requirements of each type and level of edition (e.g., an interpretative
edition of a medieval codex or a critical edition of texts in ancient languages). We plan to
introduce a registry service that will act as a catalogue of the DSL services available to the web
application. The registry service will collect, filter, and provide access to DSLs, while the web
application will select the appropriate core subset of DSLs for a specific type of edition.

In CoPhiEditor, all information contributing to the representation of a Digital Scholatly
Edition's unique chatacteristics is encapsulated within the concept of a project. Specifically, a
project comprises metadata and data. The metadata includes details such as the project title, its

35 https://microsoft.github.io/language-server-protocol

36 Usually the server can only send information to the client on demand, this approach makes it
possible to send data to the clients on events that are not generated on the client.
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ownet, a list of team members, defined roles, linked resources, and references to relevant DSLs.
The data consists of the project’s individual units.

Additional materials, such as the Liddell-Scott-Jones Greek-English Lexicon or other sources of
papyrological texts used in the GreekSchools project, are collected as project-specific data and
made referenceable.

Access Control

Access control refers to the ability to grant users of the software platform access to resources
(typically text and operations performed on it). For example, in the GreekSchools project, there
are three types of users: editors, collaborators, and viewers. Each role has different permissions
regarding, for example, the ability to view, modify, or annotate text.

While philological questions fall within the domain of textual scholarship, access control
addresses the practical requirements for sharing or restricting access to collections of texts.

CoPhiEditor uses a form of Attribute-Based Access Control (ABAC) [44] policy to define what
users can do with resources in terms of activities and roles. An activity cortesponds to a
permitted operation on a resource, possibly restricted by parameters (e.g, modifying a unit
representing an apparatus), while roles are sets of allowed activities.

Createlnits activity cam POST/unlts
GetUnits activity can GET/units
GetHoCommentslinit activity can GET/units where dsl.language is not connent

Contributor role can Getlnits
Adnin role can GetlUnits, Crestelnits
Viewer role can GetNoConmentsUnit

userl is Admin
useErd in Wiewer
useri 1is Contributor

Figure 9: Access Control DSL example

The access control strategy is flexible enough to allow the definition of activities and roles that
extend beyond the scope of the GreekSchools project. Furthermore, because the platform is
based on DSLs, we also provide an Access Control DSL to easily define the desired user roles
(see Figure 9).

Editing Workflow

From the point of view of supporting the editing process, CoPhiEditor implements a workflow
based on work sessions managed by the editor in which external collaborators can comment on
the texts and propose conjectures. These proposals will be evaluated and, possibly, integrated
into the text, thus realizing a continuous and collaborative revision process (see Figure 10).
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Figure 10: Continuous and Collaborative Revision

There are three main roles for accessing the text: editors can always modify it, commenters can
add annotations in the form of comments, and viewers can only read it. If an editor does not
grant access to contribute to the text when inviting others, access is denied according to the
access control strategy described in the following subsection.

Graphical User Interface Design

From the point of view of the graphical user interface (GUI), the dialogue with domain experts
has allowed us to identify a familiar working method consisting of juxtaposing sources with the
text being created and frequently comparing them with other texts. For this reason, as shown in
the screenshot in Figure 11, the GUI allows any number of sources to be placed alongside the
texts being edited, leaving the user free to decide their spatial arrangement. Facsimile images
management is designed in accordance with the IIIF?7 protocol, also providing tools to support
their visualisation (e.g,, modifying brightness and contrast properties). In this way, the GUI will
adapt to the editor's habits. Furthermore, navigation of the text structure allows focusing on any
level of granularity (column, text, apparatus, line, apparatus entry, etc.), making the recursive data
model explorable via the GUI as well. The GUI is developed as an Angular3 web application
that interacts with the underlying microservices architecture by means of Application
Programming Interfaces.

37 https:/ /iiif.io/

38 https://angular.dev
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Figure 11: GUI, Integrated Resources, and Editing Structure in CoPhiEditor

Collaboration and Cooperation

Being a web application, CoPhiEditor does not require any particular physical location to work
on editing, commenting and annotating the text, other than an electronic device able to connect
to the Internet and a browser to interact with the World Wide Web ecosystem, making remote
collaboration possible.

CophiEditor is designed to both support collaboration (i.e. many participants for a single task)
and cooperation (i.e. many participants for many sub-tasks).

Within the platform, scholars have access to the DSE working drafts and can edit or annotate
each one by adding a comment to the text.

The collaboration side of text editing implements an environment based on Operational
Transformation [17][18], a technology used to provide parallel and collaborative editing, as, for
example, in Google Docs. In such an environment, the platform users can modify the same text
concurrently without worrying to destroy the edits of other users since they will be integrated
seamlessly into the text.
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Figure 12: Example of a discussion thread

The editing platform implements cooperation through a collaborative review process that
involves threads of discussions based on annotations of the text.

The selection of a target text for an annotation supports single and multiple selections, in case
the annotation extends over separate lines of text. The annotations are visible as comments to
the other scholars who can reply to them and start a discussion thread (see Figure 12), or add
other comments to the editing text. Each comment update is propagated to all users connected
to the platform who can henceforth participate in the discussion in real time leading to the
constitutio textus.

Effective collaboration among scholars also requires tracking and attributing responsibility for
interventions, synchronization, and constant verification of consistency between the modified
parts.

In the context of GreekSchools, discussion threads within CoPhiEditor are used to raise
questions about difficult passages in the text and to propose conjectures and readings that may
eventually be incorporated into the literary transcription or added as entries in the philological
apparatus.

Conclusions

In this paper, we have explored the potential for bridging the gap between traditional philological
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methods and computational approaches. We suggest that such integration could foster a more
effective and rigorous framework for studying texts.

As part of this effort, we have presented criteria for analyzing text editing approaches, identifying
six evaluation dimensions: familiarity, transparency, completeness, compactness, consistency, and
machine-actionability. The resulting evaluation framework supports the choice of using a DSL-
based approach for the context of digital papyrological editions, in our case study the ERC-
885222 GreekSchools project.

We briefly presented the DSL-based DSE methodology and the CoPhiEditor, a software
platform designed to support the creation of Digital Scholarly Editions. CoPhiEditor utilizes
Domain-Specific Languages to represent textual data, allowing scholars to maintain familiar
workflows while benefiting from structured, machine-actionable data representation.

We have outlined the core features of CoPhiEditor, including its data model, use of DSLs, and
functionalities for error checking, and automatic suggestions. The platform also facilitates
advanced collaboration, enabling seamless teamwork on shated projects. Additionally,
CoPhiEditor’s extensible and domain-agnostic design makes it adaptable to a wide range of
scholarly editing endeavors, extending its utility beyond digital papyrology.

By combining user-friendly design with computational advancements, the platform aims to
empower philologists to incorporate digital tools without abandoning established editorial
practices. Its collaborative features, in particular, offer opportunities to enhance knowledge
sharing and cooperation within the field.

Looking ahead, we aim to enhance CoPhiEditor and consolidate the already developed features.

We would also like to make CoPhiEditor fully domain-agnostic by including a DSL registry and
extracting all the GreekSchools-specific features as plugins for the platform, which can be
defined as configurations. Moreover, a set of preconfigured templates addressing the already
established philological disciplines (e.g, papyrology, Romance philology) would serve as the
starting point for further scholatly edition projects. In addition, we would like to explore and
experiment with a wide range of textual traditions, spanning diverse historical periods and
languages. By doing so, we aim to identify and extract common features that can be applied
across a variety of scholatly editions, allowing for a deeper understanding of the textual specifics
and methodologies that transcend particular fields. This effort will help refine the platform’s
ability to accommodate distinct scholatly needs while maintaining the flexibility to address the
unique requirements of different academic traditions.

We hope that the platform will prove to be a valuable resource for scholars and play a role in
advancing research within the digital humanities.
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