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Abstract—Traditional papyrology has established effective
methods for producing diplomatic editions of papyri and publish-
ing critical editions of their textual content. Digital papyrology
strives to bridge the gap with the digital age. Achieving the
balance between familiarity for traditional scholars and the
potential for computational analysis remains a challenge. This
paper proposes an innovative co-design approach for developing
digital papyrology tools, leveraging both Domain-Driven Design
(DDD) and Domain-Specific Languages (DSLs). DDD emphasizes
a collaborative understanding of the problem domain, while
DSLs are formal languages tailored to specific domains like
papyrology. The co-design process involves close collaboration
with a team of papyrologists, philologists, linguists, and other
humanities scholars. This ensures that the resulting tools are
user-friendly and cater to the needs of traditional scholars.
DSLs encode domain-specific knowledge, facilitating the creation
of machine-actionable Digital Scholarly Editions (DSEs) that
remain user-friendly. CophiEditor, a modular web environment
designed within a micro-services architecture, implements the
complete workflow for creating DSL-based DSEs. The co-design
approach, the DSL definition, and the DDD paradigm guarantee
that CophiEditor is familiar and produces interoperable and
extensible data. The development of CophiEditor, within the ERC
GreekSchools project, showcases the potential of this approach. It
offers greater accessibility of digital tools for traditional philol-
ogists and opens doors for new possibilities in computational
analysis of ancient texts.

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

I. INTRODUCTION

CCORDING to Monica Berti, providing digital editions
of fragmentary texts means finding digital paradigms
and solutions to express information about printed critical
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editions and their editorial and conventional features [1]. Berti
also states that working on a digital edition means converting
traditional tools and resources used by scholars into machine
actionable contents [2], [4]. The aforementioned reasons high-
light the critical need for a co-design and co-evolution process
between text science and information science [5].

In our opinion, creating formal languages which adhere
philological specific purposes is a possible path for reaching
the aforementioned goal.

Currently, the digital representation of a textual resource
is achieved through formal models of text, exploiting shared
XML vocabularies that describe and define the structure and
the semantics about the selected resource. Among these,
the de-facto standard for scholarly editing is the XML
schema maintained by the Text Encoding Initiative consor-
tium (TEI) [6], or its specific profiles and extensions such
as TEI/EpiDoc! - with regards to epigraphical resources -
XML/MEI? - with regards to musical resources.

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.?

From the TEI guidelines we read the following principles:

Because of its roots in the humanities research community,
the TEI scheme is driven by its original goal of serving
the needs of research, and is therefore committed to
providing a maximum of comprehensibility, flexibility, and
extensibility. More specific design goals of the TEI have
been that these Guidelines should:

o provide a standard format for data interchange,

o provide guidance for the encoding of texts in this
format,

o support the encoding of all kinds of features of all kinds
of texts studied by researchers,

o be application independent.

Textual scholars often express more frustration than enthu-
siasm when digitally encode their sources using declarative
languages like XML/TEI, using whether the classical embed-
ded approach [7] or the more flexible stand-off one [8]. Indeed,
these declarative languages are perceived as [9]:

1) unfamiliar, 2) time-consuming, 3) inadequate to express
complex textual phenomena, 4) inadequate to capture the
traditional editing processes.

Thttps://epidoc.stoa.org/gl/latest/index html
Zhttps://music-encoding.org/
3https://tei- c.org/release/doc/tei- pS-doc/en/html/index.html
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Figure 1. Image of a drawing of the col. n. 64 of the papyrus n. PHerc 1004

Consequently, valuable scholarly data and authoritative new
critical editions remain locked outside the digital ecosys-
tem (Fig. 2).

To overcome this issue, we are experimenting the adop-
tion of domain specific-approaches* to formally describe the
scholarly editing process, embracing the principles of Domain-
Driven Design [10]. This strategy is based on the Euporia® an-
notation method [9] and has evolved into the DSL-based DSE
methodology: Digital Scholarly Editions based on Domain
Specific Languages [11]. This approach enables philologists to
maintain continuity with traditional practices while enhancing
the editorial process with digital, computational and collabo-
rative capabilities, thereby enabling machine actionability.

Leiden+,° 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. Table I summarizes some
prototypical examples for: 1) lost words supplied, 2) text
inserted, 3) gap illegible, 4) omitted text Supplied, 5) surplus
text, 6) deletion.

The paper is organized as follows: Section II provides an
overview of existing research and initiatives relevant to the
project; Section III introduces the GreekSchools ERC project,
within which the research described in this paper is being
developed; Section IV details the process we implemented to
gather requirements for the project using the Domain-Driven
Design framework. Section V outlines the overall workflow
for designing and implementing the key components of the

4Domain-specific approaches clearly demonstrate a user-centered design
philosophy, placing textual scholars, as the domain experts, at the core of the
digital environment’s development.
SEuporia is also a web-based annotation environment available on GitHub
(https://github.com/CoPhi/euporia). It’s built as an eXistDB Applet.
6 . T ;
https://papyri.info/docs/leiden_plus
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Table 1
LEIDEN+ EXAMPLES

Editorial ~ Leiden+ XML encoding
Supplied  [6po]hoy® <supplied reason="lost">
opo</supplied>loy&
Inserted  \6Awv/ <add place="above">
Shwv</add>
Gap .2 <gap reason="illegible"
extent="unknown"
unit="character"/>
Omitted <dmeypoddunv> <supplied reason="omitted">
dmeypaddunv</supplied>
Surplus {6véuartoc} <surplus>
évéuatoc</surplus>
Deletion  [tolg xopaciow] <del rend="erasure">

Tolc xopaciog</del>

project: the design and the implementation of the core system
for the DSL-based Digital Scholarly Edition (Subsection V-A);
the CophiEditor scholarly digital environment developed for
interacting with the DSE (Subsection V-B); Subsection V-C is
a more technical overview of the implementation aspects of the
project. Section VI illustrates some practical applications of
the DSL-based DSE through real-world editing and querying
examples. Two editing examples are detailed: Subsection VI-A
demonstrates how the DSL facilitates editing paleographic
apparatus and VI-B demonstrates how the DSL facilitates
editing diplomatic transcriptions. Subsection VI-C provides an
example of how to query the corpus using the DSL. Section
VII describes current efforts to integrate character recognition
capabilities into the scholarly platform. Finally, section VIII
concludes the paper by summarizing the key findings and
potentially outlining future directions for the project.

II. RELATED 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 [12], SoSol [13], Digital Mappa [14], Pro-
teus [15], Ediarum [16] for scholarly editing of textual re-
sources; (ii) TEITOK [17], EVT [18], TEIPublisher [19],
EFES [20] for publishing and browsing DSEs; (iii) Per-
seids [21], Annotation Studio [22], Recogito [23], Catma [24]
for annotating scholarly works; and (iv) others noteworthy
projects within the realm of DSEs .

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 III).

7For a list of tools and initiatives within the digital scholarly editing field
see [3] and [35] 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.
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Figure 2. Differences between printed and digital edition - Excerpt of the papyrus n. PHerc 1004 Col. n. 64

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.info® 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.

As previously discussed, digital tools have long been used
to study ancient texts. Nowadays, building on established
computational methods, recent advancements in Artificial In-
telligence (AI) and Machine Learning (ML) have the potential
to radically transform the study of ancient texts. Indeed, these
new approaches are empowering scholars to unlock insights of
ancient texts that were unimaginable just a few months ago.

Projects like Ithaca [25] and Logion [26] demonstrate the
potential of using Large Language Models (LLMs) for ancient
languages - Greek in particular - as evidenced by initiatives
which explore Ancient Greek with LLMs [27]-[29].

8https://papyri.info/
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III. GREEKSCHOOLS ERC PROJECT

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

GreekSchools is a multibeneficiary and multidisciplinary
ERC Project (AdG 885222)'* aiming to establish a new critical
edition of Philodemus’ Arrangement of the Philosophers.
From this significant source, preserved by the Herculaneum
papyri (Fig. 1 and Fig 3), 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 [30], [31], 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

“https://greekschools.eu
10https://greekschools.eu/beneficiaries/co-beneficiaries/
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Figure 3. Image of the papyrus n. PHerc 1004

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 [32].

IV. SCHOLAR REQUIREMENTS

Digital textual scholarship presents unique challenges from
software engineering and from computational perspectives.
Indeed, despite decades of research, philologists continue to
struggle with a lack of effective tools and efficient procedures.
Ideally, these would be organized as shared services readily
adopted by scholars. Furthermore, there is no convergence
on how to model software applications to meet philological
requirements [33], [34]. Traditional philologists are dissatisfied
with the current digital solutions as the digital models and
currently available applications do not adequately reflect the
real philological needs and methods in terms of their core
concepts and domain procedures [35].

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 [30].

A. Silent Observation

Requirements gathering is the essential first step in de-
signing valuable digital environments. By thoroughly under-
standing end-users’ needs, we can build software applications
that effectively meet those requirements. 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 hetero-
geneous interactions among scholars belonging to different

http://innove.org/ijist/

Definition of F
Specifications

Silent Observation

Domain Experts
Interaction DDD / Ubiqui

Language

Figure 4. Domain-Specific Design Process encompasses different phases
namely Silent Observation, Domain Expert Interaction, Ubiquitous and Spe-
cific Language Definition, Functional Requirements Definition

subdomains, and the lack of a common conceptual framework
of reference among traditional humanists, computer scientists,
and digital humanists. Moreover, common methodologies to
gather requirements are inadequate for disciplines that are
difficult to axiomatize, as is the case with the humanities.
This frequently results in a significant dissatisfaction among
traditional humanists who use digital tools in their daily work,
as the tools fail to meet their expectations [34].

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
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Figure 5. Domain-Driven Design and Domain-Specific Languages in implementing Digital Scholarly Editions for Greek Papyri

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 V-C.

V. METHOD

The methodological framework we propose (Fig. 4) lever-
ages Domain-Driven Design (DDD) [36], [37], and Domain
Specific Languages (DSLs) [38]-[40]. The former is a soft-
ware 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 (Fig. 5). DSLs embody data rep-
resentation and processing operations that are directly defined
by the domain experts with the mediation of digital humanists.

http://innove.org/ijist/
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Figure 6. Digital Edition as Domain-Specific Language: Hierarchical View.

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 (Fig. 6). To achieve this goal we
define DSLs with the active participation of the domain experts
(as explained in Sec. IV).

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 [41], 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. As
an example, Figure 7 shows an application of parsing Greek
text for natural language processing [29].
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Figure 7. Example of linguistic parsing tree representation

A. DSL-based Digital Scholarly Editions

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.

Figure 8 illustrates the DSL-based DSE concept with a
”Greek Textual Unit.” This figure depicts a graphical repre-
sentation that includes all the editorial conventions used by
philologists in textual criticism and text reconstruction.

editGrcChar hyphen
editDel
editIns

uncGrcChar

emptySuppl

leftSuppl

rightSuppl

missingSeq

grcSeq

Figure 8. Representation of a production rule for a DSL-based DSE

Editorial conventions can be combined. For instance, the
Greek text pritopafc. records a right lacuna (indicated by the
square brackets), a supplement (the letter sigma within the
brackets), and a missing character (indicated by the dot). These
editorial phenomena are:

1) Editorial Greek Emendatio (e.g. &) (editGrcChar)

2) Editorial Deletion (e.g., {o}) (editDel)

3) Editorial Insertion (e.g., <a>) (editIns)

4) Unclear Character (e.g., ) (uncGrcChar)

5) Empty Supplied (e.g., []) (emptySuppl)

6) Supplied Text (e.g., [el]) (suppl)

7) Left Supplied Text (e.g., 8]) (LeftSuppl)

8) Right Supplied Text (e.g., [¢) (rightSuppl)

http://innove.org/ijist/
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9) Missing Sequence (e.g., ...) (missingSeq)

10) Greek Sequence (e.g., Tfic) (grcSeq)
11) Hyphenation Greek Text (e.g., avti-) (hyphen)

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 Fig. 9 and
Sec. VI).

Col 64 3-8 Sudhaus 6 [Uméx@pov Ny ovt’ n] del. librarius 7 d ye Fiorillo: 1é te Armstrong ~~ 9-10
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ra Cinllo 12-16 Cinllo 17-18 Je[i]jmov *: 2€|[y]ov Sudhaus 18 émofer *: énoe[i]t’ Sudhaus) 19
Cirillo™™ 20 Sudhaus 21 nég[uxe Sudhaus: nég[nve Janko, cetera Sudhaus 23 mpolc 8[£] *. cetera

Sudhaus
Figure 9. Philological Apparatus in Printed Edition

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. 10).
The CFG defines part of the domain model, and the AST
representation is suitable for obtaining a digital representation
of the text following available standard formats, 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 abstract data types. This fea-
ture automatically ensures actionability within the processing
model of the data.

18 émoigy *: énow[i]t” Sudhaus)

line
lineRef reading reading ) \n
singI’eLine text gsEditor text editor
18 £TTOIg!l * ¢émoie [ 1 ] 1 Sudhaus

Figure 10. Philological apparatus and its Abstract Syntax Tree

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 Figure 10, 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
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Figure 11. CoPhi Editor Data Model and workflow

combined with a general, agnostic and recursive model used
for the collaborative work (see Fig.11).

This latter encompasses Annotation, Locus and Source enti-
ties 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 Annotation Data Model (WADM).'! WADM
“describes a structured model and format to enable annotations
to be shared and reused”.

C. Implementation

To support the constitutio textus of texts via CoPhi Editor,
scholars work as they are accustomed to do (Fig. 12, Fig. 13):

000060000

Figure 12. The CoPhi Editor Editing Platform

(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

https://www.w3.org/TR/annotation-model/
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Figure 13. CoPhi Editor GUI editing and comments

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.

VI. DSL-BASED DSE IN PRACTICE
A. Paleographic Apparatus

inf. vest. P: af N 7 sin. sup. desc.. sup. horiz.,
desc. vta A 200 Oinf vest. n 4 21 .|
sup. horiz.. sup. vest.. sup. arcus vel horiz.  r ¥ sin.
arcus: [PN] 22 ], [ sup. vest. desc. ] .. sup.

Figure 14. Traditional Paleographic Apparatus

Practical examples can further illustrate the proposed work-
flow. Imagine a philologist writing text in the CophiEditor,
adhering to their established conventions (as shown in Fig. 14,
which depicts an excerpt of a printed palaeographical appa-
ratus). For instance, when a philologist has to represent a
fragment of text believed to be from a layer underlying the
primary text on the physical support, he adds the correspond-
ing entry, e.g., uta !, to the paleographic apparatus and makes
no further actions (the superscript negative number refers to
the first layer under the writing surface).

app: lem ( (witDetail witx)
| (witDetail? wit+ COLON rdg? witDetail?
(wit+ | witsAbs) (COLON rdg? witDetail?
(wit+ | witsAbs))=*) );
lem: position? lectio;
witDetail: (layer | (velPalStat | palStat))
(COMMA (velPalStat | palStat)) x;
layer sub | sup;

Listing 1. Contex Free Grammar in g4 format
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Figure 15. Graph Visualization for the DSL on Paleographic Apparatus

Thanks to the DSL toolkit, the digital scholarly environment
recognizes the ecdotic conventions used in the apparatus and
processes them as a formal language (Listing 1 shows a CFG
excerpt, Fig. 15 also provides a visual representation of it),
creating the AST of the parsed text (see Fig. 16 and Listing 2).

/Ioc\ TAB:t aj NL:\n
DIGIT:1 DIGIT:9 lem witDetail

lectio Iayelr 1

GRC_CHARw SINGLE_SUB_DOT; GRC_CHAR1 SINGLE_SUB_DOT: GRC_CHARw® sub

SUPER_MINUS:” SUPER_NUM:*

Figure 16. Abstract Syntax Tree on Paleographic Apparatus

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

<app><lem><lectio>yta</lectio></lem>
<witdetail>

<layer><sub>~l</sub></layer>
</witdetail></app>

Listing 2. XML serialization of the Abstract Syntax Tree
<app loc="19"><lem>yta</lem>

<note>underwritten text (’1
</app>

stratum)</note>

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>

Zhttps://epidoc.stoa.org/gl/latest/
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<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)

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

B. Diplomatic transcription

Another illustrative example of our DSL-based DSE
methodology 1is its application to the digital representation
of papyri in diplomatic editions. Papyri editions may contain
ecdotic representation for paleographical and scribal phenom-
ena like apographs (variant readings), interlinear characters
(written above the line), and unclear characters. Our DSL
effectively recognizes and manages these elements, as shown
in Figure 17. Consider the following Greek reconstruction
sequence:

w | vou] tocorto\portana [ v] /8040

This sequence represents line 5 of PHerc 1004, col. 64, in
diplomatic transcription.

Listing 5 showcases the XML serialization of the recognized
text using dedicated diplomatic tags like <apographrdng>,
<scribins>, <uncgrcchar>.

<line><text><grcunit>
<u>.</u><u>.</u>
<apographrdng>|
<g>1</g><g>v</g><g>a</g><g>1</g>
]</apographrdng>
<g>1</g><g>a</g><g>x</g><g>a</g><g>1</g><g>a</g>
<scribins>\
<grcunit><g>u</g><g>a</g><g>t</g>
<uncgrcchar><g>a</g></uncgrcchar>
<g>1</g><g>a</g>
<apographrdng>[<g>v</g>]</apographrdng>
</grcunit>/</scribins>
<g>d</g><g>0</g><u>.</u>
<uncgrcchar><g>g</g></uncgrcchar><u>.</u>
</grcunit></text></line>

Listing 5. XML-serialization of the AST derived from the text

As described in the previous section, the DSL-XML serial-
ization can be automatically converted into the interoperable
TEI/EpiDoc format using XSL transformations (Listing 6).

<xsl:template match="grcunit/apographrdng">
<xsl:element name="supplied" >
[...]
</xsl:element>
</xsl:template>

<xsl:template match="grcunit/scribins">
<xsl:element name="add" >
[...]
</xsl:element>
</xsl:template>
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fext HLn

u u apographRdng

65_DOT:D 65_DOTO L_TOP_HLF_BRAT

GRC_CHAR: GRC_CHARN GRC_CHARm GRC_CHAR:

r R_TOP_HLF_BRA GRC_CHART GRC_CHAR:w GRC_CHAR® GRC_CHARW GRC_CHART GRC_CHAR L_OBL_APO:' gicUnit R_OBL AP0 GRC_CHARS GRC_CHAR®  6S_DOT:D T

GRC_CHARy GRC_CHAR@ GRC_CHARM

sciblns u uncGreChar u
SUBLINEAR_DOT: 65_DOT:
uncorethar apogiaphRdng GRC_CHART
SUBLINEAR_DOT: GRC_CHAR: GRC_CHAR: L_TOP_HLF_BRAT g R_TOP_HLF_BRA:1

GRC_CHAR: GRC_CHAR

Figure 17. Example of the Abstract Syntax Tree for the Greek sequence ..[tvon]toorta\portoua[v] /do.an in a diplomatic transcription

Pindogeral Apgaratis

haus AND collectiondit-app

MWD collection:papyr

Figure 18. Cophi Editor view for quering the corpus

<xsl:template match="grcunit/uncgrcchar">
<xsl:element name="damage" >
<xsl:apply-templates />
</xsl:element>
</xsl:template>

<xsl:template match="line/text/grcunit/u">
<xsl:element name="gap">
<xsl:attribute name="reason" />
<xsl:attribute name="quantity" />
<xsl:attribute name="unit" />
<xsl:attribute name="ana" />
</xsl:element>
</xsl:template>

Listing 6. XSLT transformation of XML-AST to XML-TEI/EPIDOC

Listing 7 displays the corresponding TEI/EpiDoc represen-
tation of the diplomatic text shown earlier. This includes:

1) the <gap> element, which encodes the lacunae (missing
portions) in the text, 2) the <supplied> tag with the
@evidence attribute equals to parallel-apograph, which
indicates a supplied reading based on a apograph sources,
3) the <add> element with a nested <supplied> tag, which
represents an addition and an editorial intervention made to the
text, 4) the <damage> tag, which indicate that the character
is incomplete.

<ab><lb n="1"/>

http://innove.org/ijist/

<gap reason="illegible"
quantity="1" unit="character" ana="#vestige"/>
<gap reason="illegible"
quantity="1" unit="character" ana="#vestige"/>
<supplied evidence="apograph" reason="lost">
wou</supplied>taxata
<add place="interlinear">poar<damage>a</damage>Lo
<supplied evidence="apograph" reason="lost">
v</supplied></add>do
<gap reason="illegible"
quantity="1" unit="character" ana="#vestige"/>
<damage>o</damage>
<gap reason="illegible"
quantity="1" unit="character" ana="#vestige"/>
<ab>

Listing 7. XML TEI/EpiDoc standard for representing digital papyri

C. Querying the editions

The Cophi Editor platform, based on DSL-based Digital
Scholarly Edition (DSE) technology, empowers scholars to
improve their research workflows. This is achieved by en-
abling them to efficiently search and analyze all the encoded
information. Scholars can leverage Cophi Editor’s search func-
tionalities to retrieve relevant passages, filter based on specific
criteria, and explore connections between different elements
within the text. Additionally, the platform facilitates deeper
evaluation of the content by providing access to editorial
annotations, historical context, and alternative readings.
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The scholarly platform achieves this search capability
through a real-time parsing process. The platform leverages
predefined formal languages (see Fig. 18) to analyze and
understand the structure and meaning of encoded textual
resources.

Cophi Editor empowers scholars to conduct comprehensive
research by enabling them to query a wealth of external re-
sources directly within the platform. This includes dictionaries,
lexica, parallel editions, and primary sources, among others.

Listing 8 shows the search capabilities mechanism. It uti-
lizes the XQuery'? language (a specialized search language)
to efficiently retrieve all the alternative readings proposed by
selected editors within the philological apparatus.

case "collection:lit-app" return
let $editor := S$param
for $rdgs in $doc//app/rdg
where $rdgs/Q@resp = $editor
let $parent := S$rdgs/parent::app
return
<1li data-resp="{$rdgs/QRresp}"
data-loc="{$parent/@loc}">{data ($rdgs) }
</1li>

Listing 8. XQuery fragment to further investigate the scholarly transcriptions

VII. 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.

TRNANAAHOUPANINC
TE INAITTPo C HKONANT
AITANRANTANEFC

Y rToKw o NHNOYTT
AT HTHSA - pd

PANGIININTGNC]
CANAAB o NI

AE Mo TN NEGICE
N GlN T A RTDPA
AANNAMHN G NTWI KT

Figure 19. 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
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

Bhttps://www.w3.org/TR/xquery-31/

http://innove.org/ijist/
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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 [42]
facilitates the identification of single glyphs and, consequently,
the computation of the average width and height of them
(see Fig. 19). Investigations in this direction and the related
bibliography are discussed in [43] and [44].

VIII. CONCLUSION AND FUTURE WORKS

In this paper, we explored an innovative approach based on
Domain-Driven Design (DDD) for co-designing and develop-
ing CophiEditor, a digital editing environment that caters to
the needs of traditional papyrologists. This approach strikes
a crucial balance between familiarity for traditional scholars
and machine actionability for computational analysis and dig-
ital preservation. By leveraging Domain-Specific Languages
(DSLs), CophiEditor empowers traditional scholars to create
machine-actionable Digital Scholarly Editions (DSEs), facili-
tating both digital preservation and the development of new
computational methods for scholarly editing (as shown in
Fig. 20 with suggestions and error checking).

mismatched input )’ expecting {GRC_CHAR, L_TOP_HLF_BRA, ', "', '(, LLANG, ', DOT, *(, "\ue5c...

Ez :
plalvemitageviD 1 a’ M1l ()

line

text

grcUnit any
-

scribDel  ANY:) scriblns

GRC_CHARv L_DBL_BRA[ i M LoBLAPO grcUnit R_OBL_APO:”

GRC_CHAR:a

Figure 20. DSL Error Checking and Suggestions capabilities

The context of digital scholarly editing has been enhanced
through the implementation of a DSL-based DSE methodol-
ogy. This approach has demonstrated its effectiveness and suc-
cess in supporting textual scholarship within the GreekSchools
ERC project.

While the computational scholarly environment offers a
promising approach for digital papyrology, there is still room
for improvement.

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-based
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encoding processes. This assessment will include factors such
as time required for encoding and user feedback. Secondly,
further improvements are needed for the DSL, including refin-
ing composition strategies and contextual syntax suggestions
to further enhance user experience.

The integration of machine learning (ML) technologies and
neural network architectures for natural language processing
(NLP) presents exciting possibilities for future development.
We plan to investigate the use of ML for various downstream
tasks, such as: 1) filling in lost fragments of text; 2) detecting
word boundaries more accurately; 3) checking the validity of
previously proposed conjectures.

Finally, we plan to enhance characters recognition from
facsimile images or papyrus drawings.
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