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Abstract. This publication shows our approach to adding representations of
graphemes of the cuneiform script into the Ontolex-Lemon model. We define
a new vocabulary that adds representations of graphemes and their variants, in-
cluding etymology and their representations in character description languages.
We describe how the ontology model can be generalized to describe graphemes
of languages that do not rely on a written script for communication. We then
interlink these representations to the Ontolex-Lemon model on one end and, for
some instances, to the CIDOC-CRMtex model on the other hand and provide
application examples in different scripts.

1. Introduction

The Ontolex-Lemon model (McCrae et al., 2017) is used by many big
data repositories such as Wikidata (Vrandečić and Krötzsch, 2014) or
Babelnet (Navigli and Ponzetto, 2012)1 to represent lexical information
about words, word forms, and their relation to semantic descriptions.
Words are often depicted in some kind of writing system, the repre-
sentations of which may give a researcher additional information about
writing styles, different sign variants used to express certain characters
and words, and their occurrences. This publication proposes a com-
plementary ontology to the Ontolex-Lemon model, which can capture
shapes of cuneiform characters in a semantic web vocabulary. This ex-
tension is to be thought of as an extension to represent signs and sign
variants of the cuneiform script. Still, it should be understood as so
general that it could be applied to other similar typed languages. We
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envision a second use case of this ontology model to represent sign lan-
guages, as described in (Declerck, 2022), but will, for brevity, mainly ex-
emplify the primary use case of representing languages in the cuneiform
script.

2. Foundations
Cuneiform signs are comprised of cuneiform wedges, which according
to (Homburg, 2021) can be described using the following parameters:

– A wedge direction on the unit circle
– An optional wedge size identifier
– Indicators of their shape (e.g., broken, wedge head type, wedge stroke
type)

While the cuneiform script itself is part of the Unicode standard and
about 900 cuneiform signs2 are attested, these cuneiform signs may ap-
pear in a variety of glyph shapes, which differ in the amount and po-
sitioning of the cuneiform wedges. The reasons for these changes in
glyph shapes may be different writing styles of the same cuneiform sign
in space and time, different habits of scribes of the cuneiform tablets, or
possible other explanations concerning the adjacent signs of the respec-
tive cuneiform sign on given tablets. This situation is not uncommon
in other scripts. For example, in Chinese, differences in the number of
different stroke types per Chinese character exist not only traditional
Chinese characters and Simplified Chinese characters but also between
Chinese characters used in Japanese (Kanji) and in their usage over time
(Galambos, 2021; Liang, 2021).

3. RelatedWork
This section discusses related work on linked data dictionaries, charac-
ter encodings, and data formats common in cuneiform languages used
for building the linked data-based character registry.

3.1. Linked Data Dictionaries

Linked data dictionaries (Gracia, Kernerman, and Bosque-Gil, 2017)
provide, among other benefits, means of connecting words and word
forms in written language to concepts in the semantic web, thus allow-
ing natural language processing approaches to extract knowledge from
a given textual context more accurately. Linked data dictionaries exist
for many languages in well-known data repositories such as Wikidata
or Babelnet. For cuneiform languages, the MTAAC (Baker et al., 2017)
or ORACC (Tinney and Robson, 2014) corpora provide a suitable basis

2. https://www.unicode.org/charts/PDF/U12000.pdf
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Fıgure 1. Gottstein System for Cuneiform signs from (Gottstein, 2013)

for the extraction of linked data dictionaries. However, such a process
has not been attempted to the author’s knowledge. In the future, we can
expect linked data dictionaries to be present for each major language.

3.2. Character Description Languages
For many non-alphabetic languages composed out of strokes, such as
Japanese or Chinese, encodings for the description of their charac-
ter composition have been proposed. The Chinese character descrip-
tion language (Bishop and Cook, 2003a) can compose Chinese char-
acters for font generation. Similar character description languages
like KanjiVG3 exist for Japanese. To the author’s knowledge, fonts for
cuneiform languages (Mousavi and Lyashenko, 2017; Píška, 1999; 2008)
have been based on either SVG drawings or JPG images of cuneiform
signs. Hence, unlike the Chinese character description languages, they
have not relied on character description languages to describe their re-
spective cuneiform characters. Images will give an accurate representa-
tion of the character in question but do not encode semantic informa-
tion about the context of the character and its composition—something
we deem necessary for a proper digital representation of structured
scripts. Character descriptions for cuneiform languages have been at-
tempted by (Panayotov, 2015) and (Homburg, 2019). The Gottstein
system for describing cuneiform signs counts the number of wedge
types in a cuneiform sign, whereas wedge types are distinguished into
four different types, as shown in Figure 1. Sometimes, the Gottstein
system is slightly adjusted to define the Winkelhaken wedge (w), i.e.,
the wedge type with only the wedge head as its distinct type, e.g.,
in (Homburg, Zwick, Mara, and Bruhn, 2022). PaleoCodage (cf. Fig-
ure 2a) aims to capture the structure of cuneiform signs, represent dif-

3. https://kanjivg.tagaini.net
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(a) PaleoCodage encoding system:
Wedge types are assigned to wedges on
the unit circle. Operators allow for the
modification of wedges for the repre-
sentation of a certain degree on the unit
circle (Homburg, 2021).

(b) Sign variants of the same cuneiform
sign E in the same space and time and
found in the same location and described
with different PaleoCodes

Fıgure 2. PaleoCodage encoding system and sign variants of the same
cuneiform sign E

ferent sizes of cuneiform wedges, and aims to capture repetitions of
substructures of cuneiform signs. This enables PaleoCodage to accu-
rately model cuneiform sign variants even in the same spatiotemporal
context as shown in Figure 2b. Given two established character descrip-
tion languages for the cuneiform script, cuneiform characters can be de-
scribed with two different goals in mind: To index them per cuneiform
wedge types (Gottstein) and to describe their shape using PaleoCodage.
Both representations may, to a certain extent, be convertible to RDF
and, depending on the needs of respective scholars, can serve as a ba-
sis for querying different features of these abstracted representations of
cuneiform signs.

3.3. ATF and JTF
To transliterate cuneiform tablets, two main transliteration formats ex-
ist. The ASCII Transliteration Format (ATF)4 is the primary format of
distribution of cuneiform transliterations for all cuneiform languages
and exists in many different dialects and varieties which often differ per
repository. JTF5 is a JSON format (Bray, 2017) that includes the same
elements as ATF but in a better machine-processable and extendable

4. http://oracc.museum.upenn.edu/doc/help/editinginatf/cdliatf/index.html
5. https://idcs.hypotheses.org/234
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format. It is currently adopted by the Cuneiform Digital Library Ini-
tiative (CDLI)6 and possibly other repositories as a storage format for
cuneiform transliterations. Cuneiform transliterations can be rendered
from JTF to ATF so that JTF does not provide a replacement format for
ATF. Given these two common transliteration formats for cuneiform
language transliterations, the JTF format seems to be suited to be ex-
tendable for linked data, as defining a JSON-LD context is an easy way
to create compatibility with the ontology model we define. Both of the
aforementioned transliteration formats do not provide support for pa-
leographic descriptions in any way.

4. Extending the Ontolex-Lemon Model for Cuneiform Paleo-
graphy

This section outlines our approach for integrating the cuneiform script
into the Ontolex-Lemon model. At first, we introduce some terminol-
ogy we use in our ontology model in Section 4.1, then describe the digi-
tal representation of a character in cuneiform languages in Sections 4.2
and 4.3 and how to represent its composition in Section 5.2. After dis-
cussing the relation of characters in the ontology model to Ontolex-
Lemon Section 4.5, we focus on the description of relations, shape, and
provenance of different graphemes by introducing a comprehensive pa-
leographic description vocabulary Section 5. Finally we discuss the in-
tegration of etymology concepts in Section 6 and conclude the descrip-
tion of the ontology model by introducing terms to describe glyph oc-
currences Section 6.2.

4.1. Preliminary Definitions

In order to define a vocabulary for describing characters, we would first
like to define certain terms that will be used throughout this publication.
These definitions are intended to be so general that they may also be
applicable to other languages with similar scripts.
Defınıtıon 4.1. – Glyph: The physical manifestation of a grapheme on awritten
medium.

This definition covers written glyphs on any medium and is equiva-
lent to the concept http://cidoc-crm.org/cidoc-crm/TX9_Glyph in CIDOC
(Doerr, 2005) CRMtex (Murano and Felicetti, 2021). This would be a
single cuneiform sign depicted on a written medium (e.g., a clay tablet)
for cuneiform. This cuneiform sign might be a non-standard variant. It

6. See https://cdli.ucla.edu/ for more details.
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might deviate from this standard variant because the glyph might be
broken and have a different number of wedges or wedges not point-
ing in the expected directions. For non-written languages, such as sign
languages, the ontology model provides a class http://www.purl.org/
graphemon#Movement to represent, e.g., hand gestures.
Defınıtıon 4.2. – Grapheme: Digital representation of relevant features of a
representation of a glyph or equivalent non-written representation.

A grapheme represents an idealized or canonical form of a set of
glyphs, represented by a digital representation, i.e., abstraction of the
set of glyphs describing the cuneiform sign and may be described by an
identifier such as a Unicode code point or a dictionary entry number.
Defınıtıon 4.3. – GraphemeVariant: A variant of a Grapheme that is associ-
ated with the same Unicode codepoint or a semantically equivalent identifier and other
identifiers but differs in its normalized visual appearance.

A http://www.purl.org/graphemon#GraphemeVariant is usually connected
to a variety of Glyph instances that represent the respective Grapheme
variant on physical artifacts in space and time.
Defınıtıon 4.4. – GraphemeManifestation: The manifestation of a
grapheme either on a written medium or using non-written means.

We define a http://www.purl.org/graphemon#GraphemeManifestation as
a more general concept for a Glyph. We would like to generalize
the ontology model not to exclude, e.g., hand gestures of sign lan-
guages that may be represented using video media or representations
of spatio-temporal descriptions of positions of movements. As a super-
class of GrpahemeManifestation we define the class http://www.purl.
org/graphemon#SymbolicRepresentation to represent all representations
which created a symbolic value in any language.
Defınıtıon 4.5. – GraphemePart: A representation of a grapheme that is found
as a part of some other Graphemes in the same script.

A http://www.purl.org/graphemon#GraphemePart definition relates to
parts of characters found in other characters, but also to parts of, e.g.,
hand gestures that are part of another hand gestures to describe a partic-
ular concept. A grapheme part may constitute its own character. If so,
it will be represented with its own Grapheme representation, i.e., also
be an instance of Grapheme in the linked data graph.
Defınıtıon 4.6. – AtomicPart: A representation of an atomic part out of which
Graphemes are comprised.

A http://www.purl.org/graphemon#AtomicPart may represent its own
meaning, and Graphemes that consist of precisely one atomic part may
exist. An example of an atomic part in cuneiform languages would be
a single vertical cuneiform wedge which describes the number one in a
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Grapheme. In Chinese, it would be a single stroke that describes a Chi-
nese character (e.g., the horizontal stroke for the number one). How-
ever, in Chinese, a horizontal stroke alone might also describe the mean-
ing of horizontal, even though it cannot be used as a Graphememeaning
in this language. In non-written languages, such as in sign language, an
atomic part depicts a single unique movement that may be combined
with other movements to describe a more sophisticated concept.

4.2. What Constitutes a Grapheme?

To describewhat constitutes a grapheme in cuneiform languages, we de-
fine the following rules, which could also be implemented for automated
classification. We assume a cuneiform sign variant to be the standard
cuneiform sign variant to represent a particular meaning of a cuneiform
sign across time and space. This standard cuneiform sign variant (i.e.,
its canonical form) might be the most occurring form that the respec-
tive linguistic community has agreed upon. It might also be defined per
corpus, for example, the most occurring form in a certain corpus. This
standard form could be linked to the grapheme data instance, that we
define in our knowledge graph. If no such form exists, the grapheme in-
stance in the knowledge graph will simply link to all known grapheme
variant instances. For example, consider the cuneiform sign A7, which

(a) The cuneiform sign A with its stan-
dard form once as grapheme and once
as an actual occurrence in the cuneiform
text HS 367, front side, column 1, line 3,
sign 4

(b) The cuneiform sign A with an alter-
native form is more common in older
cuneiform texts once as grapheme and as
an actual representation in HS 1163, back
side column 1, line 14, sign 4. This form
also resembles the cuneiform sign for the
number two 2(disz).

Fıgure 3

constitutes of three vertical cuneiform wedges with at least one attested
meaning of water and is described with PaleoCode a-a:a shown in Fig-
ure 3a. We define a sign variant to A as a variant that differs in one of
the following criteria:

7. https://en.wiktionary.org/wiki/\%F0\%92\%80\%80
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C.1 Amount of cuneiform wedges per type
C.2 Positioning of cuneiform wedges towards each other
C.3 Changes in the type of cuneiform wedges at their respective posi-

tions

Figure 3b constitutes such a variant. This example also shows that sign
variants may also have the shape of a different standard variant of a sign.
In this case, the sign variant of A has the same shape and amount of
vertical wedges as the standard variant of sign 2(disz) with the meaning
of the number 2.

The definitions also mean that there are differences in cuneiform
glyphs that we do not constitute as representing a new sign variant, i.e.,
a grapheme in the graph structure:

D.1 The writing order of wedges if known and not exposing a semantic
of their own

D.2 The style of cuneiform wedges themselves (e.g., cuneiform head,
cuneiform stroke)

D.3 The absolute sizes of cuneiform wedges, as long as their propor-
tional size are the same

D.4 Changes in color or material on which the cuneiform wedges are
imprinted unless they capture a semantic meaning

While we deem the latter characteristics not as relevant to distin-
guish between individual graphemes, they are essential information that
should be added to the glyph description in cuneiform languages. Con-
cerning the writing order of wedges, research has started some prelim-
inary work (Taylor, 2014), but has not come to a definite conclusion.
However, as long as the writing order of the wedges does not affect cri-
teria C.1-C.3, it is of no relevance for the classification of glyphs as we
define in this publication.

4.3. Representation of Graphemes in Linked Data

We propose encoding cuneiform graphemes in linked data with two
different methods. The first method encodes graphemes using char-
acter description language representations like PaleoCodage, the Chi-
nese character description language (Bishop and Cook, 2003b), or the
American sign language (Liddell et al., 2003) transliteration as RDF
text literals. When no character description languages are available,
or as alternative means of definition, SVG literals (Ferraiolo, Jun, and
Jackson, 2000) seem to be the natural choice because SVG literals may
be displayed in a browser and may serve as the basis for a font gener-
ated from the given sign list. Alternative representations might include
Open Type Font (Toledo and Rosenberg, 2003) Paths or other image
formats such as PNG (Boutell, 1997), which can represent the respective
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grapheme. For sign languages, videos or representations of spatiotem-
poral motions are also viable options. The formermay be represented by
a hyperlink, the second may use spatial text literals such as Well-Known
Text (Herring et al., 2011) in combination with time point extensions.
Our ontology model defines literal types for each of these representa-
tions.

A second method is to expose the elements that contribute to gener-
ating a grapheme directly in RDF. For cuneiform signs, this means that
every cuneiform wedge present in a grapheme is represented by its own
RDF instance. Hence, a grapheme consists of an RDF subgraph of in-
terconnected AtomicParts. This representation might further semantic
exploitation of the individual grapheme but is not practical if queries
targeting the grapheme representation only should be answered.

We discuss how to encode a cuneiform sign in RDF using the exam-
ple of the cuneiform sign A, which we introduced in Section 4.2. The
PaleoCode for this grapheme is a-a:a, that is, a vertical wedge next-to a
vertical wedge over a vertical wedge. We can represent this grapheme
in RDF as shown in Figure 4. In this example, the grapheme is assigned

Fıgure 4. Representation of the grapheme structure of cuneiform sign A de-
scribed with PaleoCode a-a:a

representations in SVG (http://www.purl.org/graphemon#svgLiteral), Pa-
leoCodage (http://www.purl.org/graphemon#paleocodageLiteral), and in
the Gottstein encoding (Panayotov, 2015) (http://www.purl.org/
graphemon#gottsteinLiteral) and points to a glyph occurrence, while at
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the same time, the glyph structure from the PaleoCode is extrapolated
in an RDF representation on the right-hand side of the graph. In this
RDF representation, even wedge types and atomic parts can be fleshed
out in pure RDF. While the literal representations allow querying im-
ages of glyphs easily and ready for display by e.g., web browsers, RDF
subgraphs may be used to query for clusters of similar representations
and also to name such representations in the knowledge graph. Hence,
they allow a comparison of shapes of glyphs using the SPARQL query
language only, as sets of glyph atomic parts become similarly-shaped
subgraphs.

4.4. Grapheme Atomic Parts
In the RDF representation features of single atomic parts, cuneiform
wedges could be annotated. That is, each wedge could be annotated
with its level of damage or be categorized into a writing style of a differ-
ent area or scribe. Clearly, this example is only valid for the cuneiform
script, and other scripts might include different elements of represen-
tation. However, we think these elements could be surmised under a
common class structure, which groups similarly styled scripts. For ex-
ample, Chinese, Japanese, and Cuneiform are all stroke-based scripts,
for which the AtomicPart is a stroke of some kind. Figure 5 shows two
atomic parts, strokes used in Chinese, the horizontal and the vertical
stroke. Both strokes are integral parts of the character for 10, which in
itself is included in the word for 11. As an atomic part, the horizontal
stroke is also the character for 1, while the vertical stroke is not. De-
pending on the language, the atomic parts of characters often exhibit a
certain order in which they are written. This order may be strict, for
example, in Chinese, or it may be superimposed by the encoding used
to describe the character variant, such as in the case of cuneiform. To
represent a writing order of character atomic parts, these may be de-
scribed in a http://www.w3.org/1999/02/22-rdf-syntax-ns#List or a posi-
tion vocabulary that we introduce later on in this publication. Some-
times, it may also be sufficient to just state that certain atomic parts are
available in a certain grapheme or grapheme part. In this case, a simple
http://www.purl.org/graphemon#partOf relation is sufficient (cf. Figure 5).

Finally, one might want to capture how the atomic parts of charac-
ters are drawn to recreate the abstract character representation for a
font. The list of atomic character parts to draw may be appended with
positional information extracted from the individual character encod-
ing.

4.5. Connection to Ontolex-Lemon
An important element of this model is its interconnectivity to the
Ontolex-Lemon model for modeling semantic dictionaries. To link sign
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Fıgure 5. Combination of atomic parts: The to strokes, heng, and shu, which
are used to build Chinese characters, are atomic parts and used in the character
shi, which is used to build the word shi-yi, 11.

representations to Ontolex-Lemon word forms, we need to relate com-
ponents of these word forms to grapheme representations. Unfortu-
nately, an Ontolex-Lemon word form does not have a relation to link
to individual graphemes. Instead, it is only possible to link to textual
representations of words and word forms as transcriptions, transliter-
ations, or written representations, in essence, represented as text lit-
erals. While we cannot change the Ontolex-Lemon model, we can
link grapheme instances to instances of word forms described by the
Ontolex-Lemon model. To do that, we need to define a new element
called http://www.purl.org/graphemon#WordformOccurrence, which attests
to the representation of a word form with assigned grapheme represen-
tations. Figure 6 shows one example connection of Ontolex-Lemon to
our ontologymodel using the word “a,” in its word form “a_form” and an
occurrence of this word form being represented by the grapheme, repre-
sented by a variant of the grapheme for the cuneiform sign “A”. In other
words, this graph representation allows expressing that a word form can
be represented with certain grapheme variant combinations.
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Fıgure 6. Connection Ontolex-Lemon model to grapheme representations:
Word forms may be represented by a list of one or many grapheme variants

5. Paleographic Description Vocabulary

In the previous section, the possibility to express graphemes with char-
acter description languages and their serialization in an RDF subgraph
was mentioned. To achieve the representation of the RDF subgraph,
the elements of the respective character description languages need to
be provided in RDF. We describe these elements in two different parts,
one vocabulary to classify atomic parts of graphemes and one vocabu-
lary representing the relations between these atomic parts in the form
of directions.

5.1. Atomic Part Description Vocabulary

This part of Graphemon defines properties that describe features of in-
dividual cuneiform wedges, i.e., atomic parts in addition to an atomic
part classification, as depicted by a subclass of \glymonnsAtomicPart. The
reasoning behind a description of the grapheme representation is, that
often grapheme representations in themselves contain semantic infor-
mation that can be explicitly expressed in a knowledge graph.

Table 1 shows the kinds of attributes we can assign to a cuneiform
wedge that might have an influence on its semantic meaning. We would
like to stress that we are not discussing the shape or color of individ-
ual glyphs here but the shape of a derived grapheme. For example, a
grapheme depiction with a filled wedge head often indicates, that the
shape of the grapheme is meant to describe a cuneiform sign inscribed
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Table 1. Atomic part description vocabulary for parts of a cuneiform wedge
grapheme that represent a semantic meaning and therefore need to be repre-
sented in the knowledge graph

Relation Description

graphemon:angle Describes the angle by which the atomic part is ro-
tated if applicable

graphemon:headColor Describes the color of the head of the cuneiform
wedge relative to a given scale

graphemon:headSize Describes the size of the head of the cuneiform
wedge relative to a given scale

graphemon:hasFilledHead Describes whether the cuneiform wedge head is
filled or empty

graphemon:strokeColor Describes the color of the stroke of the cuneiform
wedge relative to a given scale

graphemon:strokeSize Describes the size of the head of the cuneiform
wedge relative to a given scale

graphemon:partStyle Describes the style of the cuneiform wedge in a
style description language such as CSS

Fıgure 7. Two different grapheme styles which represent cuneiform signs. The
grapheme style with the empty wedge head represents a sign variant present on
clay tablets, and the style with the filled wedge head a variant present on stone
inscriptions.

on stone rather than on clay (cf. Figure 7). Graphemes of cuneiform
signs inscribed on clay usually depict an empty cuneiform wedge head.
Therefore, the style in which the grapheme is depicted might in itself
contain information about the circumstances inwhich the grapheme can
be found, and useful information to be added to the knowledge graph.

5.2. A Vocabulary for Directions

PaleoCodage and further character description languages relate the dif-
ferent atomic parts of a character to each other by a set of operators and
define or reuse an explicit or implicit order of atomic parts. To describe
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a cuneiform sign but also further structured scripts in RDF, we formal-
ize these relations in our RDF vocabulary as follows: Individual items
may be connected using a set of positional relationships exhibited by
the following vocabularies shown in Table 2 to represent the physical
relation between atomic parts.

Table 2. Relationships between atomic parts: Atomic parts of cuneiform char-
acters

Relation Description

graphemon:above indicates that the current atomic part is above the
previous atomic part

graphemon:below indicates that the current atomic part is below the
previous atomic part

graphemon:downright indicates that the current atomic part is on the
lower right of the previous atomic part

graphemon:downleft indicates that the current atomic part is on the
lower left of the previous atomic part

graphemon:exactPosition Describes the exact position of the atomic part in a
fixed coordinate system

graphemon:left indicates that the current atomic part is left of the
previous atomic part

graphemon:right indicates that the current atomic part is right of the
previous atomic part

graphemon:upperright indicates that the current atomic part is on the up-
per right of the previous atomic part

graphemon:upperleft indicates that the current atomic part is on the up-
per left of the previous atomic part

Table 2 shows the sets of operators we defined to target the cuneiform
script. Beginning with a first atomic part, the structure of the cuneiform
script follows a subgraph of relations until no such relation can be found.
In future work, it may be necessary to define further operators and re-
lations to describe other script types.

5.3. Grapheme Relation Vocabulary

Within a script, such as cuneiform, one may encounter parts of individ-
ual graphemes reused in other parts of the script. An initial experiment
on the representation of all cuneiform Unicode codepoints in one time
period-specific font (Homburg, 2021) found that about two-thirds of all
cuneiform signs had repeated components in them. Hence, it seems nat-
ural to encode these relations in our grapheme description vocabulary
so that they can be correlated with, e.g., meanings of the single individ-
ual signs and possibly with etymology. When describing the cuneiform
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script, we can derive part of individual graphemes from two different
sources. The first source may be the definition of the cuneiform signs
in standards such as Unicode. For example, the Unicode cuneiform sign
AN/AN (AN over AN)8 is defined by the cuneiform sign AN9 over an-
other instance of cuneiform sign AN. This makes AN/AN a Grapheme
instance which is comprised of two GraphemeParts representing AN.
While this definition is used in Unicode, we can generally assume that
this definition is not valid for all Graphemes covering all time periods.
The reason is that cuneiform signs developed from pictographs and will
take the shape on which the Unicode definition is based only at a cer-
tain point in time. The second source to derive GraphemeParts from is
the representation of Graphemes in a character description language or
another structured format. This method was used in (ibid.) and has the
distinct advantage that actual representations of GraphemeVariants can
be compared by using established and reproducible similarity metric re-
sults such as Levenshtein Distance or Image Similarity metrics. In the
cuneiform script, as inmany other similar scripts, such as Chinese, there
are parts of signs that repeat in other signs. This might mean that these
signs are related semantically, e.g., that one sign extends a concept in-
troduced by the first sign, that themeaning of two different signs is com-
bined or that the inclusion of one sign in the other has been an artistic
choice of the scribe. To model these relations, Table 3 describes proper-
ties to express themost occurring types of relations between graphemes.
These definitions include two kinds of properties: Properties that derive
their conclusions, e.g., from similarity metric calculations, and proper-
ties that describe assertions derived by other means. By other means we
refer to e.g., the Unicode definition, a scholarly paper or any other exter-
nal resource which is not readily available and therefore retraceable in
the knowledge graph. While these definitions are enough to model re-
lations between cuneiform characters, they might need to be extended
for different other scripts.

6. Etymology Vocabulary for Graphemes

Etymology is an important concept that helps understand how words
have evolved. The Etymological WordNet (De Melo, 2014) showed
first how the etymology of words could be traced using a semantic
web vocabulary and (Khan, 2018) suggested that the idea of tracing
etymology could also be applied to the Ontolex-Lemon model. The
resulting ontology model, Etymon (Etymology Model for Ontologies)

8. https://en.wiktionary.org/wiki/\%F0\%92\%80\%AE
9. https://en.wiktionary.org/wiki/\%F0\%92\%80\%AD
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Table 3. Relation vocabulary between graphemes: Graphemes may be part of
other graphemes, modified parts of other graphemes, a generalization, or a com-
bination of other graphemes. Statements like these may stem from metrics or
assertions.

Relation Description

graphemon:isDescribedToBePartOf The grapheme is described to be
part of the target grapheme

graphemon:isDescribedAsMergedPartOf The grapheme is described to
be a modified part of the target
grapheme

graphemon:isDescribedAsGeneralizationOf The grapheme is described to
be a generalization of the target
grapheme

graphemon:isDescribedAsModifiedPartOf The grapheme is described to
be a modified part of the target
grapheme

graphemon:isDescribedAsSimplificationOf The grapheme is described to
be a simplification of the target
grapheme

graphemon:isGeneralizationOf The grapheme is a generalized
form of the target grapheme

graphemon:isModifiedPartOf The grapheme is part of the target
grapheme, but slightly altered

graphemon:isMergedPartOf The grapheme is merged out
of at least two different other
graphemes

graphemon:isPartOf Describes the subject grapheme as
part of the target grapheme

graphemon:isSimplificationOf The grapheme is a simplified form
of the target grapheme

or lemonETY, describes essential relations and concepts for Etymol-
ogy that we adjust for the representation of etymology in graphemes.
In particular, the concepts http://lari-datasets.ilc.cnr.it/lemonEty#
Cognate, http://lari-datasets.ilc.cnr.it/lemonEty#Etymon, and http://
lari-datasets.ilc.cnr.it/lemonEty#Derivative are defined in this ontol-
ogy model. We reuse these concepts in our ontology model but define
them on a grapheme level to capture differences in graphemes. Figure 8
shows three examples of an etymological development of cuneiform
signs over time. Similar to words, capturing these etymological rela-
tions can be of tremendous value for Assyriology research and appro-
priate machine learning classification tasks. Figure 9 shows how we
represent etymology in our ontology model using the example of one
cuneiform character in two stages of development. We must stress that
the depiction of etymology is just one way to relate grapheme repre-
sentations to each other. To be precise, etymology describes an inter-
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Fıgure 8. The etymology of cuneiform characters over time from a pictorial
representation to a more abstract representation. Not all representations are
depicted by cuneiform wedges. (Labat, 1995)

preted semantic relationship between grapheme representations, even if
the semantic is only founded by the sign being a previous or following
variant. Another way to represent the similarity between graphemes is
to directly exploit their image representations or abstractions thereof.

6.1. Grapheme and Glyph Similarity

Grapheme similarity might be calculated by similarity measures based
on either a String representation of the grapheme represented in a sign
description language, i.e., a formal textual representation of the glyph
depicted, or by a similarity metric based on the pictorial or other repre-
sentations (e.g., 3D models) of the glyph itself. To enable these kinds of
relations in the ontology model, we define one DatatypeProperty score
and three base classes http://www.purl.org/graphemon#SimilarityMetric,
http://www.purl.org/graphemon#ImageBasedSimilarityMetric, and http://
www.purl.org/graphemon#StringBasedSimilarityMetric, from which we
might derive script-specific subclasses to express relations between
grapheme variants. Table 4.

We recommend using similarity metrics that can be normalized
to a percentage range between 0-100 so that comparisons between
different similarity metrics can be simplified. However, we do not
want to restrict a user from defining arbitrary similarity metric defi-
nitions, as long as they are sufficiently documented in the knowledge
graph. Given similarity metrics, etymological relationships and asser-
tions about grapheme structures up until the atomic part level, we be-
lieve that the relation between graphemes have been sufficiently mod-
eled.
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Fıgure 9. Etymology representation of graphemes in the ontology model (only
one etymological relation is shown for brevity)

Table 4. Classes and properties describing superclasses for similarity met-
rics and results of similarity metric calculations between grapheme instances
or glyph instances

graphemon:SimilarityMetric Class
graphemon:SimilarityMetricResult Class
graphemon:ImageBasedSimilarityMetric Class
graphemon:StringBasedSimilarityMetric Class
graphemon:score DatatypeProperty

6.2. Glyph Description Vocabulary

This part of the vocabulary deals with describing visual features of glyph
representations. On the example of a cuneiform glyph on a cuneiform
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tablet, we will show the aspects of visual representation we deem nec-
essary to be represented in our vocabulary:

– Color representation using the Color Ontology10 or using CSS literals
(http://www.purl.org/graphemon#cssLiteral)

– Indicators of damage either on the glyph itself or in its given encod-
ing

– Indicators of the origin of the writers
– Material aspects of the material which was used to represent the
glyph

– Metadata of the written script (time period, scribe, etc.)
These vocabulary extensions help identify glyphs by their visual fea-
tures, another perspective that cuneiform researchers often apply. The
Graphemon datamodel defines the aforementioned properties to be able
to model rudimentary features of glyph representations. However, the
authors believe that each of these features may be better fleshed out in
other vocabularies specializing in the respective fields. Nevertheless, we
found it to be a necessity for a researcher to be able to model glyph prop-
erties to be able to set them into relation to grapheme represenations.
In this way, researchers may draw conclusions about the accuracy of the
grapheme representations in relation to the given glyph representations.

7. Applicability of the Ontology Model for Other Languages

While the ontology model we have proposed is intended for the
cuneiform script, we argue that the model also applies to a variety of
similarly structured scripts and beyond written languages. We give
two examples of written scripts that might benefit from the ontology
model and one example of how sign languages, as representatives of
non-written languages, can be described using the same or slightly vary-
ing terminology.

7.1. Egyptian Hieroglyphics and Hieratic Script

Recently, the paleography of Egyptian hieroglyphics and the hieratic
written version of these have been digitally captured (Gülden, Krause,
and Verhoeven, 2020) and published as a database at the university of
Mainz11. Databases like these constitute an ideal application case for
our ontology model, and this particular database even exposes part of
its data as linked open data. As an example of further applicability,

10. https://github.com/timhodson/colourphon-rdf
11. https://aku-pal.uni-mainz.de/graphemes
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we pick out grapheme A1812 (child with a crown), which is attested
as a hieroglyphic ideogram and in three hieratic written forms. Fig-

Fıgure 10. Application example of the Graphemon model using Egyptian hiero-
glyphics: Etymology of the grapheme A18 in hieratic written script

ure 10 shows the etymology relationship between twowritten grapheme
variants, which have been attested in different dynasties. In this par-
ticular case, the Grapheme for a child with a crown is both the old-
est attested Grapheme and the canonical Grapheme upon which the
written graphemes are based. The ontology model can be applied to
similar scripts and, if properly interlinked, enable comparison between
graphemes across languages. For example, the shapes of graphemes
could be compared across languages by connecting them through their
attested meaning.

7.2. American Sign Language

A second application case can be seen in the American Sign language
ASL. In the American sign language, gestures to describe a word may
vary by location, even within the same sign language. As an example,
we point to the sign language description for the term “school,” as ex-
emplified on https://www.signasl.org/sign/school. This site provides 10
video recordings of people performing the gesture denoting the word
school in the American sign language. Most gestures describe the term
school with two hands tapping together13. However, different dialects

12. https://aku-pal.uni-mainz.de/graphemes/22
13. https://media.signbsl.com/videos/asl/elementalaslconcepts/mp4/school.mp4
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Fıgure 11. Application of the Graphememon model on a hypothetic variant of
the American Sign Language (ASL)

of the American Sign language might employ different variants of the
base hand gesture, which, in the Graphemon ontology model, would be
treated as Grapheme variants.

Figure 11 shows how gestures may be modeled using the Graphemon
ontology model. Each gesture becomes an instance of http://www.purl.
org/graphemon#Movement, an abstract class for gestures. If a sign language
like ASL is defined with a standard gesture vocabulary, variants of these
gestures become de-facto variants of the initially defined gestures in
ASL. As the main topic of this publication is the modeling of written
scripts, especially cuneiform, we would like to point out that this part of
the ontology model is likely to be fleshed out in future work, as gestures
used in sign languages might depict other properties than the written
script which will be needed to be modeled as properties in an extended
ontology model. Therefore, extensions to the model might likely be de-
veloped in future work.

8. Application cases

This section discusses the implications of the definition of the ontol-
ogy model we propose and shows applications in cuneiform studies
which directly benefit from its modeling capabilities. In general, we
believe that access to structured information about paleography and
graphemes, as well as their variants constitutes a missing part in the
documentation of primarily digital scholarly editions (Gabler, 2010) of
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texts of a different kind. Research on paleography has been done in re-
cent years (Stokes, 2015), and the need for a paleographic vocabulary
specific for cuneiform has even been voiced in (Homburg, 2020), but
systematic documentation of grapheme variants, their occurrences, and
linkage to grammatical forms described by the Ontolex-Lemon model
can provide a database to tackle research questions which combine ques-
tions of linguistics and paleographic research, an area which is sought
to be better understood in a variety of languages (e.g., Maya language,
hieratic script, cuneiform, Chinese). In the following, we exemplify im-
mediate application cases enabled by the ontology model with a specific
emphasis on cuneiform languages.

8.1. A Cuneiform Sign Variant Registry

A cuneiform sign variant registry is a web-based repository that allows
the registration of grapheme variants of cuneiform signs, including its
spatio-temporal context and further attributes. It attests these vari-
ants in different cuneiform transliterations, in different cuneiform lan-
guages, and on different cuneiform artifacts. The data structure we pro-
pose can be seen as the foundation of such a sign variant registry, which,
apart from the functionality of encoding signs, might also help Assyriol-
ogists to search for a particular grapheme in its spatio-temporal contexts
and find representations of this Grapheme as actual glyph image repre-
sentations. In essence, the cuneiform sign registry needs to be able to
store:

– GraphemeVariants described with unique identifiers and accompa-
nied with metadata:
– Spatiotemporal context
– Attested cuneiform language
– Etymology mappings
– References to texts or URIs to annotations that describe the sign
variant

– Sign definition as an image or in a character description language
– Search indices as similarity metric results between cuneiform signs

Figure 12 shows a screenshot of the JavaScript test tool for PaleoCodage.
It can create cuneiform sign variants by entering the character descrip-
tion language code and stores already entered PaleoCodes in a git repos-
itory. The repository contents may be downloaded in an RDF represen-
tation. An extended version of this PaleoCode storage with support for
etymology, cuneiform languages, textual references, and further meta-
data based on the Graphemon Ontology model is our vision for storage
and good accessibility of cuneiform sign variants. The architecture of
this repository already fulfills the criteria to represent cuneiform sign
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Fıgure 12. A precursor of a cuneiform sign registry which may be extended with
the Graphemon ontology model as a backend

variants and can calculate similarity metrics results between its charac-
ter representations. We believe it may be applicable to other language
types as well.

8.2. Integration of Grapheme Information in Cuneiform Digital Edi-
tions

Cuneiform digital edition formats should be able to incorporate Graphe-
mon data, as it is represented in this publication. We, therefore, investi-
gate the suitability of data formats for this purpose and highlight what
integration in these formats entails. We thereby have the following as-
sumptions:
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1. A cuneiform character variant registry as described in Section 8.1 ex-
ists so that graphemes may get their own identifiers (possibly also
URIs)

2. The data format should aim to be a single file format for easier porta-
bility

The ATF format in any shape does not allow to add annotation infor-
mation. It does not allow encoding information about character vari-
ants without defining yet another ATF dialect such as P-ATF (Homburg,
2021).

1 @tablet
@obverse

3 1 . 3(u)_v1

Lıstıng 1. Paleographic extension to the ATF format as suggested by (ibid.).
This extension requires unique IDs of graphemes to be defined and used in the
actual transliteration text.

Listing 1 shows the proposed P-ATF encoding of (ibid.). Each grapheme
is assigned a unique ID used directly in the transliteration. The defini-
tion of such IDs is currently arbitrary, as the related work on cuneiform
sign variants does not show a universally accepted identifier system for
cuneiform signs. While such an identifier could be delivered with the
URI or be part of a URI that describes a grapheme, the practicality of
usage for the average Assyriologist would be to either use some kind of
grapheme autocompletion system dependent on a centralized registry
of graphemes or not use yet another dialect of ATF, but rather to treat
grapheme variants as text annotations.

The situation differs for TEI/XML-based transliteration representa-
tions and JSON-based transliterations such as JTF. TEI/XML allows the
representation of glyphs14 so that links to graphemes and glyph repre-
sentations as URIs could be drawn. The most promising format, in our
opinion, would be a JSON-LD-based representation as an extension of
the JTF format.

1 {"_class":"object", "type":"tablet", "children":[
2 ....
3 {"_class":"chr", "type":"U+1200", "value":"a", "grapheme"

:"GRAPHEMEID","glyphrep":"GLYPHREPRESENTATIONLINK"}
4 }
5 ....
6 }

Lıstıng 2. JTF format extended to link to grapheme representations

14. https://tei-c.org/release/doc/tei-p5-doc/de/html/ref-glyph.html
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Listing 2 shows a hypothetical cuneiform tablet transliteration rep-
resentation in JTF15. Somewhere in this transliteration, a character
transliterated as a is attested and referenced to a Unicode code point.
In our ontology model, the Unicode code point may identify the stan-
dard Grapheme, e.g., by resolving its URI using a SPARQL query. We
add the keys “grapheme” and “glyphrep” to identify the grapheme vari-
ant via its URI and to identify a representation of the actual glyph on
the cuneiform tablet in one of the literal representations we propose. A
picture or another medium might represent this glyph. JTF even allows
us to define our grapheme variants in the same file if needed and can
easily be related to a JSON-LD context (Sporny et al., 2014) for con-
version to a linked data representation. In this way, one could build
applications that create new grapheme variants in JTF files, which are
later synchronized with a cuneiform sign registry in a repository where
the transliteration in JTF is supposed to be stored.

8.3. Annotation of Grapheme Variants With Annotorious

Annotorious16 and Recogito17 are two open-source annotation libraries
in JavaScript which allow for annotations in the W3C Web Annotation
Data model (Sanderson, Ciccarese, and Van de Sompel, 2013). The cre-
ation of annotations seems like the ideal place to use the Graphemon
ontology model. Annotations in linked data are comprised of an annota-
tion target, e.g., an area defined on an image resource and an annotation
body. The annotation body describes the annotation information which
is attested to the annotation target. Figure 13 shows a customized exten-
sion of Annotorious, which creates annotations on images of cuneiform
tablet surfaces. The annotation objects created with this tool describe
an image area with a PaleoCode and a transliteration string. With both
information, a set of cuneiform grapheme variant URIs can be retrieved
from the knowledge graph, which the user may confirm. The user may
be asked to create and describe a new grapheme variant if no URI can be
found. Either way, a URI to describe the selected image area is added
to the annotation, making image annotations relatable to Graphemes.
This way, an Assyriologist may easily document their Grapheme vari-
ants and, using the knowledge graph, find further occurrences of the
same Grapheme in other texts for comparison.

15. https://github.com/cdli-gh/jtf-lib
16. https://github.com/recogito/annotorious
17. https://github.com/recogito/recogito-js
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Fıgure 13. Creation of an annotation on a cuneiform 3D rendering using the
software Cuneiform Annotator on the MaiCuBeDa dataset (Mara and Homburg,
2023). The marked area denotes the Glyph. The Grapheme is described using
a PaleoCode and a Transliteration which can be mapped to a sign name (i.e., a
Grapheme representation)

8.4. Sample Queries

This section presents sample queries that the new ontology model en-
ables. We show typical applications which are relevant for Assyriology,
computational linguistics, and the domain of machine learning.

8.4.1. Find Graphemes With Similar Structures

1 SELECT ?graphemevariant ?glyphimage WHERE {
?graphemevariant glymon: hasSimilarity ?graphemevariant_sim .

3 ?graphemevariant_sim rdf : type ?PaleoCodeStringSimilarity .
?graphemevariant_sim rdf : value ?simvalue .

5 glymon:hasImage ?glyph .
FILTER(?simvalue>0.8)

7 }

Lıstıng 3. A sample query which allows to query cuneiform sign graphemes of
similar structure
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Listing 3 selects all graphemes above a given similarity threshold of
a chosen similarity score. This allows Assyriologists to find similar
grapheme variants of cuneiform signs for the sign currently examined
and generate similarity statements within the respective text corpus
they investigate.

8.4.2. Etymology of Graphemes

We can ask for the etymology of graphemes in two different ways and
possibly at least two different motivations. The first motivation is to
find out about different variants of a grapheme in a specific time period.
For example, in Listing 4 we would like to retrieve every Grapheme,
including its attested grapheme variants in the Old Babylonian period
of cuneiform writing.

1 SELECT ?grapheme ?graphemevar ?graphemesvg ?timeperiod WHERE {
?grapheme rdf : type cidoc :TX9_Grapheme .

3 ?grapheme graphemon: variant ?graphemevar .
?graphemevar graphemon: timeperiod ex :OldBabylonian .

5 ?graphemevar graphemon: as\index{SVG}SVG ?graphemesvg .
}

Lıstıng 4. Example of querying for etymology relations of a given grapheme

The secondmotivation is to represent the etymology relations of a given
cuneiform sign explicitly and to query similarities between them.

SELECT ?etymon ?grapheme ?graphemesrc WHERE {
2 ?grapheme rdf : type cidoc :TX9_Grapheme .

?grapheme graphemon: variant ?graphemevar .
4 ?etymon graphemon:hasTarget ?grapheme .

?etymon graphemon:hasSource ?graphemesrc .
6 }

Lıstıng 5. Example of querying for etymology relations of a given grapheme

Listing 5 queries all graphemes linked in an etymological chain as de-
scribed in Section 8.4.2. The graphemes can be visualized for assess-
ment by Assyriologists or for extraction by preparation scripts for ma-
chine learning analysis.

8.4.3. Artifacts Including Special Graphemes

As a third application, we would like to highlight the possibility of dif-
ferent visualizations of grapheme metadata. Similar to already exist-
ing approaches such as the cuneiform site index (Rattenborg, 2019),
which display cuneiform tablet excavation locations, applications to
display the occurrences of specific grapheme variants have not been
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present in cuneiform studies. Considering a paleographic enrichment
of cuneiform artifact data, one may use the metadata of cuneiform
artifacts to create spatial distributions of grapheme occurrences. To
achieve this, the Graphemon ontology model needs to be combined with
the linked data representations describing the contents of a cuneiform
tablet, which can be achieved with the JTF representation presented in
Section 8.2. If the knowledge graph includes information on the glyphs
on each individual tablet connected to its individual grapheme, each
Glyph occurrence can be related to a specific location. Hence, it is pos-
sible to create a map representation of glyph occurrences by querying
the ontology model.

SELECT ?grapheme ?graphemevar ?graphemesvg ?timeperiod WHERE {
2 ? tablet rdf : type cunei :Tablet .

? tablet geo :hasGeometry ?tablet_geom .
4 ?tablet_geom geo :asWKT ?tabgeo .

? tablet cunei : contains ?wordformocc .
6 ?wordformocc cunei : contains ?grapheme .

?grapheme rdf : type cidoc :TX9_Grapheme .
8 ?grapheme graphemon: variant ?graphemevar .

?graphemevar graphemon: as\index{SVG}SVG ?graphemesvg .
10 }

Lıstıng 6. Example of querying for etymology relations of a given grapheme

Listing 6 shows a query returning geocoordinates of findspots of the
cuneiform tablets, including a specific GraphemeVariant according to
the ontology model. The findspot points can be visualized on a map
with an additional indicator as a color, e.g., the time period in which
they were found.

A final application case can be discovering and identifying rare
graphemes on cuneiform tablets. For this use case, we assume that a
sufficiently large corpus of cuneiform tablets has been described using
an extended JTF corpus, as described in Section 8.2. One information
we can derive from this corpus is the frequency of usage of individual
grapheme variants. Rare grapheme variants are graphemes that are not
used very often compared to other grapheme variants describing the
same grapheme.

SELECT DISTINCT ?grapheme ?graphemvar COUNT(DISTINCT ?wordformocc AS ?
graphemvarcount) ?graphemesvg WHERE {

2 ?grapheme rdf : type cidoc :TX9_Grapheme .
?grapheme graphemon: variant ?graphemevar .

4 ?wordformocc graphemon: contains ?graphemevar .
}

Lıstıng 7. Example of querying for etymology relations of a given grapheme
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Listing 7 states a SPARQL query to retrieve every grapheme with every
grapheme variant and an occurrence count of each grapheme variant
in the whole corpus. The result may be used as a ranking to retrieve
common sign variants and may be combined with other metrics to get
an accurate view of their distribution.

9. Conclusions

This publication presented a complimentary ontology model to the
Ontolex-Lemon model, which can represent graphemes and grapheme
variants. This model provides the opportunity to create and contribute
to a linked open data cloud of graphemes, glyphs, and signs that can help
researchers analyze and discover connections between different visual
grapheme representations to classify and retrace the similarities and ori-
gins of paleography phenomena. Not only can graphemes be described,
but they can also be related to words and actual occurrences of Glyphs,
allowing the graph to be used for structured querying, e.g., to obtain in-
stances for targetedmachine learning systems. In this way, once enough
data has been accumulated, a significant obstacle for machine learning
tasks such as sign recognition or cuneiform tablet time period classi-
fication (Dencker, Klinkisch, Maul, and Ommer, 2020; Mara and Bo-
gacz, 2019) can be overcome: The acquisition of relevant machine learn-
ing data for suitable automation tasks. For Assyriologists, integrating
the Graphemon knowledge graph into repositories such as Wikidata,
similar to the integration of Ontolex-Lemon for words, would help in
documenting, classifying, and including paleographic information in
emerging digital editions while at the same time being readily acces-
sible for any data science approaches. We investigated how graphemes
may be represented through different media, e.g., character description
languages, images, or even videos, in the case of non-written gesture-
based languages and how established similarity metrics may compare
these different representations. This allows comparing and discover-
ing similar graphemes using different characteristics, which can prove
invaluable if sign registries for graphemes are created. Finally, we pre-
sented approaches to create, store, manage and query information from
the gained knowledge base. The aforementioned components should
lead to a better understanding and modeling grapheme variants and
cuneiform signs.

9.1. Future Work

We see this specification’s future work in exploring other scripts and
grapheme representations in different languages and consolidating
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these results in a working group such as W3C Ontolex18. The defin-
ition of a unified model for graphemes would allow repositories such
as Wikidata to integrate word forms and their semantics in the form
of glyph representations. Ideally, we would like to see Wikidata or a
similar repository become the data backend of a sign variant registry
for cuneiform or any other script that can be modeled in this way. For
cuneiform studies, in particular, a formalized knowledge base of this
kind is a precious resource for research and retraceability of grapheme
variants, and we expect the adoption of these ideas by cuneiform repos-
itories in the future—the adoption of which might pose further research
questions and challenges which might need to be addressed.
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