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Abstract—Traditional papyrology has optimized its ecdotic
methods to study papyrological documents (diplomatic edition)
and, simultaneously, the corresponding texts (critical edition).
Prominent initiatives, such as Papyri.info, are striving to find
an optimal trade-off between familiarity for traditional schol-
ars and machine actionability for automatic processing. The
approach proposed throughout this paper is based on the
Domain-Driven Design (DDD) and, particularly, on the DSL-
based Digital Scholarly Editions (DSEs). The work aims to create
a comprehensive textual scholarship workflow implemented in
a modular web environment named CoPhi Editor. The ERC
GreekSchools project serves as the scientific testbench for co-
design our editing environment with a multidisciplinary team of
papyrologists, philologists, linguists, and other humanists.

Index Terms—Computational Philology, Digital Papyrology,
Digital Humanities, Digital Scholarly Editing, TEI/EpiDoc

I. INTRODUCTION

As stated by Monica Berti, providing digital editions of frag-
mentary texts means finding digital paradigms and solutions
to express information about printed critical editions and their
editorial and conventional features [1]. Berti also concludes
that working on a digital edition means converting traditional
tools and resources used by scholars into machine actionable
contents [2], [3].

Currently, the digital representation of a textual resource
is achieved through formal models of text, exploiting shared
XML vocabularies that describe the structure and the seman-
tics about the selected resource. Among these, the de-facto
standard for scholarly editing is the XML schema maintained
by the Text Encoding Initiative consortium (TEI) [4].

The GreekSchools project, “The Greek Philosophical School according to
Europe’s earliest ‘history of philosophy’: Towards a new pioneering critical
edition of Philodemus’ Arrangement of the Philosophers” has received funding
from the European Research Council (ERC) under the European Union’s
Horizon 2020, Excellent Science (Grant agreement No. 885222, PI: G.
Ranocchia).

The TEI consortium also defines a set of “best practices”
known as the TEI guidelines to encode “all of the phenomena”
scholars encounter in texts and documents.1

Figure 1. Image of a drawing of the col. n. 64 of the papyrus n. PHerc 1004

However, textual scholars are often more frustrated than
enthusiastic about the XML/TEI digital representation of their
sources, because it does not fully preserve the traditional edit-
ing process created by philologists over time. Consequently,
essential scholarly data and authoritative new critical editions
remain outside of the digital ecosystem.

To overcome this issue, we advocate the adoption of do-
main specific-approaches to formally describe the scholarly

1https://tei-c.org/release/doc/tei-p5-doc/en/html/index.html
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editing process, embracing the principles of Domain-Driven
Design [5]. This strategy is based on the Euporia annota-
tion method [6] and has evolved into the DSL-based DSE
methodology: Digital Scholarly Editions based on Domain
Specific Languages [7]. This approach enables philologists to
maintain continuity with traditional practices while enhancing
the editorial process with digital capabilities, thereby enabling
machine actionability.

Leiden+,2 implemented within the papyri.info project,
serves as a good example of a Domain Specific Language
(DSL) in the domain of digital papyrology making traditional
conventions machine actionable.

The purpose of this paper is to illustrate both 1) our method-
ology for creating machine-actionable scholarly editions while
preserving traditional editing methods [6], and 2) the ongoing
digital environment that implements such a Domain-driven
methodology [7].

A. Similar works and initiatives

The creation of digital scholarly editions (DSEs), along with
the development of computational tools devoted to accurately
annotate scholarly phenomena of interest, has been the objec-
tive of numerous research initiatives over time.

If we were to mention only the most notable, we can
include the following different groups of tools: (i) Textual
Communities [8], SoSol [9], Digital Mappa [10], Proteus [11],
Ediarum [12] for scholarly editing of textual resources;
(ii) TeiTok [13], EVT [14], TeiPublisher [15], EFES [16] for
publishing and browsing DSEs; (iii) Perseids [17], Annota-
tion Studio [18], Recogito [19], Catma [20] for annotating
scholarly works; and (iv) others noteworthy projects within
the realm of DSEs 3.

The listed projects demonstrate the significant effort put into
the development of environments for digital scholarly editing.

While the aforementioned tools are off-the-shelf applica-
tions, our ongoing initiative is currently customized for the
ERC 885222-GreekSchools funded project (see section I-B).
Nevertheless, we designed the architecture of the platform to
be as loosely coupled as possible, allowing us to accommodate
new scholarly requirements in accordance with the principles
of Domain-Driven Design and the DSL-based DSE method-
ology.

Among the wide range of similar works, Papyri.info4 is
one of the most closely aligned with our aims. Indeed, the
Papyri.info environment supports collaborative editing, search-
ing capabilities and browsing features for ancient documents.
Moreover, the editing component of this tool also embraces
the DSL approach by using the Leiden+ formalism.

2https://papyri.info/docs/leiden plus
3For a list of tools and initiatives within the digital scholarly editing field

see [21] and [6] also the web sites of some research infrastructures such
as www.clarin.eu for language resources and www.dariah.eu for the arts and
humanities.

4https://papyri.info/

B. GreekSchools ERC project as research context

The context in which we are developing the DSL-based
DSE methodology, together with the digital environment, is
the GreekSchools project.5

Figure 2. Image of the papyrus n. PHerc 1004

GreekSchools is a multibeneficiary and multidisciplinary
ERC Project (AdG 885222)6 aiming to establish a new critical
edition of Philodemus’ tArrangement of the Philosophers.
From this significant source, preserved by the Herculaneum
papyri (Fig. 1 and Fig 2), we can derive a systematic account
of the history of Greek philosophical schools, which is unpar-
alleled in its kind.

Making a digital edition of such a textual object poses
several challenges [22], [23], including: 1) virtually reading
the text hidden on the verso of papyri, 2) detecting, classifying
and replacing overlapping layers, 3) virtually reading the text
concealed in the layers, 4) editing the text in a collaborative
environment, 5) reviewing and commenting the editorial con-
jectures, 6) preserving conventional editorial practices.

CoPhi Editor is the digital environment that implements the
DSL-based DSE methodology. Although initially developed
for the digital papyrology domain, it is also applicable to the
entire domain of digital textual scholarship.

The collaborative and cooperative nature of such an environ-
ment creates the opportunity to widen access to the text for
scholars, students, practitioners, and volunteers by lowering
the entry barrier, and by allowing users to work remotely in
a networked modality. As a consequence of editing the DSL-
encoded text, the edition can be seen as an ongoing process
that dynamically refines the text through collective effort [24].

II. SCHOLAR REQUIREMENTS

The field of digital textual scholarship is deemed to be
challenging from a computational perspective. Indeed, after
decades of research activities, philologists still lack of ef-
fective tools and efficient procedures organized in shared
services. Furthermore, there is no convergence on how to
model software applications to meet philological requirements.
Traditional philologists are dissatisfied with the current dig-
ital solutions as the digital models and currently available

5https://greekschools.eu
6https://greekschools.eu/beneficiaries/co-beneficiaries/
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applications do not adequately reflect the real philological
needs and methods in terms of their core concepts and domain
procedures [6].

Not by chance, scholars have recently reported that philol-
ogists are still awaiting a digital environment that allows them
to create a critical edition meeting the requirements for editing
humanistic texts [22].

A. Silent Observation

Requirements gathering is the necessary first step in de-
signing software applications. However, classical requirements
elicitation methods, such as questionnaires and interviews, are
often ineffective in the Digital Humanities. This is due to
the complexity of the domain, the heterogeneous interactions
among scholars belonging to different subdomains, and the
lack of a common conceptual framework of reference among
traditional humanists, computer scientists, and digital human-
ists. Moreover, common methodologies to gather requirements
are inadequate for disciplines that are difficult to axiomatize,
as is the case with the humanities.

Instead, we can favor the co-evolution of multidisciplinary
teams. A digital humanist serves as a mediator between
software engineers and humanists through silent observation
of groups of humanists with heterogeneous backgrounds that
have already established a way to cooperate. In this reversed
approach compared to questionnaires, the requirements are
the result of careful induction from the observation and
frequent dialogue with the domain experts. The observation
must remain silent in the initial phase to avoid altering the
environment that we want to model.

For example, papyrologists, paleographers, philologists, his-
torians of the language, and historians of ancient philosophy
participating in the GreekSchools project regularly meet to
discuss variant readings and conjectures from their disciplinary
point of view. These meetings are a precious opportunity
for us, digital philologists, to silently observe and take notes
of their interactions, the analogical resources they rely on
(such as lexica, printed critical editions, and scientific articles),
and how and with whom they share supporting materials in
the physical space. By observing them in silence, we can
better capture the actual needs of a cross-disciplinary group,
fostering Domain-Driven Design. This way, we aim to deeply
understand the proven practices of such a multidisciplinary
and cross-disciplinary domain.

This task plays a crucial role in the effective development
of formal models and useful computational tools for textual
scholarship activities. Thanks to this approach in requirements
gathering, we were able to distill core needs and imple-
ment useful features within the platform, as discussed in
section III-C.

III. METHOD

The methodological framework we propose leverages
Domain-Driven Design (DDD) [25], [26], and Domain Spe-
cific Languages (DSLs) [27]–[29]. The former is a software
development approach that focuses on modeling complex

domains by engaging domain experts in all phases of the de-
velopment process, providing strategic principles and patterns
to describe the problem space.

In particular, DDD’s bounded contexts make the different
data models that constitute the environment modular, such as
the linguistic, the paleographic, and the textual context. DDD’s
ubiquitous language effectively describes the domain and the
requirements by using a shared and unambiguous vocabulary.

The definition of the corresponding formal languages with
a Context-Free Grammar (CFG), must be both familiar to the
scholars and able to express the requirements of the domain
in a machine-actionable manner. DSLs embody data represen-
tation and processing operations that are directly defined by
the domain experts with the mediation of digital humanists.

This methodology aims to provide scholars with a familiar
and rich environment that empowers the editing process while
retaining the long-standing and well established good practices
of the philology domain. To achieve this goal we define
DSLs with the active participation of the domain experts (as
explained in Sec. II).

Consequently, the implementation of this method allows
us to: 1) preserve the traditional expressiveness that textual
scholarship practices have refined over time; 2) implement
both generic tools and specific languages [30], making them
usable and reusable.

The DSL-based methodology has also been applied outside
the scholarly editing domain. In fact, one of the earliest
attempts to use the DSL approach was in the scientific effort
to describe natural languages within a formal framework.

Figure 3. An excerpt from the philological apparatus and its Abstract Syntax
Tree

A. DSL-based DSE

The scholarly editing methodology based on Domain Spe-
cific Languages (DSL-Based DSE) requires the definition of
a formal language derived from the well-established ecdotic
practices already adopted within the editorial workflow. This
specification represents the text along with the corresponding
philological interpretations in an analytical manner.

The textual practices used in scholarly editions can be
considered as domain-specific languages, and the majority
of these languages are formal enough to be derived from a
Context-Free Grammar (CFG). A good example of a quasi-
formal language is the critical apparatus (see IV).
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Treating the text as machine actionable code, written in the
formal language defined by a DSL, allows us to manage it as
an Abstract Syntax Tree (AST) that represents the structure
and the relationships of the textual phenomena (see Fig. 3).
The CFG defines part of the domain model, and the AST rep-
resentation is suitable for obtaining a serialization of the text
following available standards, such as the XML/TEI encoding
schema. Since AST inherently represents the domain model
and the functionalities to process it, we can actually define
formal scholarly abstrat data types. This feature automatically
ensures actionability within the processing model of the data.

B. CoPhi Editor Model

CoPhi Editor is a scholarly platform made of modular
components following a micro-services architecture. This kind
of design entails that the different parts of the model are
reusable, in order to maximize the modularity of the whole
system. The data model of the digital scholarly platform
involves abstract entities and data types defined by leveraging
the DDD ubiquitous language and implemented though the
CFG of the DSL. For example, in Fig. 3, the entities are line,
reading, text, editor, etc.

For the same domain, we can define more than one lan-
guage. Nevertheless, each one must be unambiguous within a
bounded context identifying a specific semantic space within
the domain. Moreover, the model derived from the DSL is
combined with a general, agnostic and recursive model used
for the collaborative work (see Fig.4). This latter encompasses

Figure 4. CoPhi Editor Data Model and workflow

Annotation, Locus and Source entities which are based on
a recursive data representation for the annotated text. Such
a model allows scholars with an unlimited levels and an
indefinite granularities of annotations. Additionally, the model
can be implemented using the standard ontology of Web Anno-
tation Data Model (WADM).7 WADM “describes a structured
model and format to enable annotations to be shared and
reused”.

7https://www.w3.org/TR/annotation-model/

C. Implementation

To support the constitutio textus of historical texts via CoPhi
Editor, scholars work as they are accustomed to do (Fig. 6 and
Fig. 5):

Figure 5. CoPhi Editor GUI editing and comments

(i) transcribing the text from a primary source to create a
diplomatic edition of the document (i.e., the selected column
or the selected fragment); (ii) describing all sorts of assertions
about character vestiges preserved on the support in a paleo-
graphic apparatus; (iii) producing a literary transcription (i.e.,
the constitutio textus conducted by the editor); (iv) describ-
ing in the philological apparatus the responsibility for each
relevant reading alongside authoritative conjectures as well as
other important variants that are compatible with the space
and the preserved vestiges; (v) translating the reconstructed
text (i.e., in Italian).

Each step produces a special piece of text containing
editorial conventions identified by special characters, whose
meaning is typically shared by scholars within the same re-
search domain or community of practice. Furthermore, CoPhi
Editor provides scholars with cutting-edge features such as:
1) spell checking, 2) automated check for editorial conven-
tions, 3) querying data and searching for metadata, 4) rich text
editor, 5) cooperation and collaboration, 6) dynamic interface
layout, 7) computer-assisted editing, 8) agnostic output format.

IV. A DSL-BASED DSE ENCODING EXAMPLE

The proposed workflow can be better explained by a practi-
cal example. The philologist writes the text in the web editor
adhering to his traditional conventions. For instance, to record
a text read from a lower layer of the support, the philologist
adds the entry υτα−1 to the paleographic apparatus and makes
no further actions (the superscript negative number refers to
the first layer under the writing surface).

lem: position? lectio;
witDetail: (layer | (velPalStat | palStat))

(COMMA (velPalStat | palStat))*;
layer : sub | sup;

Listing 1. Contex Free Grammar in g4 format
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Figure 6. The CoPhi Editor Editing Platform

Thanks to the DSL toolkit, the digital scholarly environment
recognizes the ecdotic conventions used in the apparatus and
processes them as a formal language (see CFG excerpt in
listing 1), creating the AST of the parsed text (see listing 2).

Subsequently, XSL transformations (see listing 4) enable the
system to produce a standard representation in shared formats
like TEI/EpiDoc8 or PDF (see listing 3).

<app><lem><lectio>υτα</lectio></lem>
<witdetail>
<layer><sub>−1</sub></layer>
</witdetail></app>

Listing 2. XML serialization of the Abstract Syntax Tree

<app loc="19"><lem>υτα</lem>
<note>underwritten text (−1 stratum)</note>
</app>

Listing 3. XML EpiDoc standard serialization of the the text excerpt

<xsl:template match="app">
<xsl:variable name="loc"
select="preceding-sibling::loc"/>

<app loc={$loc}><xsl:apply-templates/></app>
</xsl:template>

<xsl:template match="lem">
<xsl:element name="lem">
<xsl:value-of select="current()/lectio" />
</xsl:element>
</xsl:template>

<xsl:template match="witdetail">
<xsl:choose>
[...]
<xsl:otherwise>
<note><xsl:apply-templates /></note>
</xsl:otherwise>
</xsl:choose>
</xsl:template>

<xsl:template match="layer">
<xsl:value-of
select="if(./sub)

8https://epidoc.stoa.org/gl/latest/

then ’underwritten text’
else ’overwritten text’ " />

(<xsl:value-of
select="concat(sub|sup,’ stratum’)" />)

</xsl:template>

Listing 4. XSL Transformations of the AST derived from the text

V. PALEOGRAPHIC INVESTIGATIONS

Critical editions of papyri aim to offer to the scholars the
most likely reconstruction of the original text and the list of
variant readings attested by different sources or conjectural
supplements suggested by previous editors.The critical edition
must be in agreement with the diplomatic edition of the same
papyrus made by the same scholar or team of scholars. Indeed,
the editor of the diplomatic edition describes possible readings
of the document, and the editor of the critical edition decides
which of these is the most likely.

Figure 7. Example of connected component exploitation

For instance, the diplomatic edition registers that a couple
of oblique signs may represent a lambda or part of a nearly
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illegible alpha and indicates the presence of any gap (lacuna),
whereas the critical edition presents only the most probable
choice between alpha or lambda and suggests how to fill
the gap, according to linguistic and historico-philological
contextual evidence. But the paleographic plausibility must
be taken into account at any stage of the editorial process.
First, recognition of single uncertain glyphs or parts of a
glyph is based on comparison with other glyphs. Secondly,
when filling textual gaps in a conjectural manner, it is crucial
to ensure that the chosen glyphs are compatible with the
average width of the specific letters involved (e.g., an M is
larger than an I). The connected components technique [31]
facilitates the identification of single glyphs and, consequently,
the computation of the average width and height of them
(see Fig. 7). Investigations in this direction and the related
bibliography are discussed in [32] and [33].

VI. CONCLUSIONS AND FUTURE WORKS

We have explored an approach based on Domain-Driven De-
sign for developing a digital editing environment that caters to
the requirements of traditional papyrologists, striking a balance
between familiarity and machine actionability. The context of
digital scholarly editing has been enhanced through the imple-
mentation of a DSL-based DSE methodology. This approach
has demonstrated its effectiveness and success in supporting
textual scholarship within the GreekSchools project.

The computational scholarly environment is an ongoing
tool. Further work will focus on conducting quantitative as-
sessments of the platform’s usability, along with collecting
valuable statistics on textual encoding via DSL using the
CoPhi editor, in comparison with more traditional XML en-
coding processes. This assessment will include factors such as
time required for encoding and user feedback. Secondly, fur-
ther improvements are needed for the DSL, including refining
composition strategies and contextual syntax suggestions. We
will also explore the use of machine learning technologies for
natural language processing downstream tasks, particularly for
filling in lost fragments of text and detecting word boundaries.
Finally, we plan to enhance text recognition from facsimile
images or papyrus drawings.
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