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Abstract

This paper presents preliminary results of
the development of the Egyptian-UJaen
treebank, the first dependency treebank cre-
ated for pre-Coptic Egyptian in Universal
Dependencies. It describes the current state
of the treebank, explains the approach
adopted for the morphosyntactic annotation
and discusses some issues concerning the
adoption of the CoNLL-U format for the
annotation of Egyptian texts. This treebank
will surely become a useful linguistic tool
for understanding the synchronic and dia-
chronic use of pre-Coptic Egyptian.

1 Introduction

Over the last decade, there has been a growing
interest in less-resourced languages that has led to
a boom in treebanks for such languages in Univer-
sal Dependencies, a useful framework that pro-
vides a systematic annotation of grammar across
languages (de Marnefte et al., 2023)." The creation
of the Egyptian-UJaen treebank (henceforth EUJA
treebank) aims to contribute to the development of
UD by applying the universal inventory of catego-
ries developed therein to the morphosyntactic an-
notation of Egyptian texts. It is the first dependency
treebank* created for pre-Coptic Egyptian. Texts
are annotated morphosyntactically at the Univer-
sity of Jaén, according to the structuralist approach
to Egyptian philology (see Polotsky’s key works,
1944, 1976 and Schenkel’s, 2012).

The EUJA treebank started as UD release 2.14
on 15 May 2024 with 5,515 words and 707 sen-
tences from Old Egyptian texts. The data and re-
sults of the present paper are based on the current

1 https://universaldependencies.org/
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state of the treebank consisting of 1,573 sentences
and 14,650 words (UD release 2.15 to appear on 15
November 2024).

The aim of this paper is to describe the method-
ology used in the development of the EUJA tree-
bank. It provides a brief overview of Egyptian and
its scripts (2) and a description of the sources se-
lected for the treebank (3). There follows a discus-
sion on the annotation of Egyptian texts (4) and the
evaluation of an NLP model trained on the treebank
(5). Finally, the next stages of the development of
the EUJA treebank are outlined in the conclusion

(6).
2 Egyptian language and scripts

Egyptian is an Afroasiatic language that knew the
following stages:

1) Old Egyptian (ca. 2700-2000 BC).

2) Middle Egyptian (ca. 2000-1550 BC).

3) Late Egyptian (ca. 1550-700 BC).

4) Demotic (7th century BC to 5th century AD).
5) Coptic (4th century to 14th century AD).

These stages can be classified into Earlier Egyp-
tian, which includes Old Egyptian and Middle
Egyptian, and Later Egyptian, which includes Late
Egyptian, Demotic and Coptic. While the syntax of
Earlier Egyptian is mainly synthetic, Later Egyp-
tian is characterised by an analytic syntax. It should
be noted that in the Middle Kingdom (ca. 1980—
1760 BC) Old Egyptian was used as a sacred lan-
guage for the transmission of the Pyramid Texts,
even though Middle Egyptian was spoken, while
Middle Egyptian became a standardised classical
language from the 18th Dynasty (ca. 1539-

2 For the Coptic treebank in UD see Zeldes and Abrams
(2018).
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1292 BC) onwards, when other stages of Egyptian
were spoken.

Different scripts were used for Egyptian. Hiero-
glyphs were usually the monumental script for Old
Egyptian, Middle Egyptian and eventually Late
Egyptian. Hieratic script was mainly used for doc-
uments, letters and copies of religious and literary
texts in Old Egyptian, Middle Egyptian and Late
Egyptian. This script was used exceptionally in
monuments and steles. The hieroglyphic and hier-
atic scripts evolved throughout history, for example
the Old Kingdom (ca. 2543-2436 BC) hiero-
glyphic and hieratic scripts are both different from
those used in the New Kingdom (ca. 1539-1077
BC). Finally, Demotic and Coptic were written in
Demotic and Coptic script respectively.

The EUJA treebank annotates Egyptian texts us-
ing the Tiibingen transcription system (see 4.1, be-
low). Hieroglyphs of Old Egyptian, Middle Egyp-
tian and Late Egyptian texts are written in the
MISC column (see 4.7, below). The same is
planned for Demotic signs. Hieratic texts are trans-
literated into hieroglyphic script.

3 Sources

Egyptology or rather Egyptian philology is the
discipline that studies Egyptian texts. Its official
beginning dates back two centuries ago when Jean
Francois Champollion deciphered hieroglyphs in
1822, not without the help of Thomas Young’s ear-
lier attempts. Plenty of textual sources make Egyp-
tian a well-documented ancient language, compa-
rable to Akkadian, Ancient Greek or Latin. Consid-
ering such richness it is regrettable that only a
handful of universities in the world offer the possi-
bility of studying Egyptology as a fully official de-
gree.

The amount of textual sources for Egyptian de-
pends on their state of preservation. As a rule, the
younger the linguistic stage, the more sources there
are—OIld Egyptian sources are scarcer than those
of Middle Egyptian and Late Egyptian. An excep-
tion to this is the number of texts written in Classi-
cal Egyptian, for it is much larger than for Late
Egyptian. Since the aim of the EUJA treebank is to
provide a linguistic resource for the morphosyntac-

3 https://isac.uchicago.edu/research/pub-
lications/oriental-institute-publica-
tions-oip

(OIP 34, 49, 64, 67, 73, 81, 87 and 132).

tic study of pre-Coptic Egyptian, it purports to con-
tain the most representative texts of each stage,
namely:

1) Old Egyptian: The Pyramid Texts (PT,
Sethe, 1908-1922), Old Kingdom and First
Intermediate biographical texts (Sethe,
1933 and Clére/Vandier, 1948).

2) Middle Egyptian: The Coffin Texts (CT, de
Buck, 1935-1961), Middle Kingdom bio-
graphical texts (Lange/Schifer, 1902-
1925) and literary texts, such as Sinuhe
(Koch, 1990) and the Eloquent Peasant
(Parkinson, 1991).

3) Classical Egyptian: The Book of the Dead
(BD, Naville, 1886), 18th Dynasty biogra-
phical texts (Sethe, 1906-1909 and Helck,
1955-1958) and literary texts, such as Ne-
ferti (Helck, 1970) and Ipuwer (Enmarch,
2008)

4) Late Egyptian: New Kingdom biographical
texts (Kitchen, 1975-1990) and literary
texts (Gardiner, 1932).

5) Demotic: Literary texts, such as the teach-
ing of Onchsheshonqy (Glanville, 1955).

Several editions of these Egyptian texts were

published in the first half of the twentieth century
and are now available online as pdf files, such as
the Coffin Texts.? As the linguistic usage of Egyp-
tian varies not only in sources from different
stages, but also in some sources from the same pe-
riod, each sentence in the EUJA treebank is as-
signed a bibliographic reference and an ID in or-
der to identify and classify all sentences by
source. The ID consists of the acronym EUJA, fol-
lowed by a hyphen and a numeral, for example
EUJA-1. Each sentence is also provided with a
reference indicating the exact paragraph in the
original text, its origin, date, the genre and
source’s language stage, for example:

sent-id =EUJA-44

ref=PT § 1a T, Saqqara, 6th Dynasty, rel, OE*

EUJA-1 is a test sentence. EUJA-2 to 43 are

multiword expressions taken from various Old
Egyptian text corpora.

The systematic annotation of the Pyramid Texts

begins with EUJA-44. 14,404 words, correspond-

4 The abbreviation “rel” stands for religious text, and “OE”
for Old Egyptian.



ing to 1/5 of the whole corpus, have been anno-
tated in the treebank, which means that the Pyra-
mid Texts consist of 60,000-80,000 words.

From the beginning of the EUJA treebank the
question whether to create a repository for each
stage or for all stages of pre-Coptic Egyptian was
discussed with Daniel Zeman.’ The latter option
was chosen in order to have an overview of the
evolution of Egyptian in a single CoNLL-U file.

If particular linguistic features of a text corpus
or a stage are to be studied, the corpus name, e.g.
Pyramid Texts, or the stage name, e.g. OE (Old
Egyptian), should be mined to find all instances
that match the search. The README file also
contains a classification of the sentences accord-
ing to the stage of Egyptian and the text corpus in
order to facilitate searching:

sent_id = EUJA- language and
text corpus

1-1573 Old Egyptian

1,3,4,11-15, 23, 25, 26, | biographical texts

30-34, 3640, 43

2,6,7,9,10, 16-21, 24, | Pyramid Texts

27-29,41, 42,44-1573
5,35
8,22

Letters to the Dead
Captions to every-
day life scenes

Table 1: Sentence classification in the treebank

4 Annotation

4.1 Transcription

Egyptian scripts consist of phonetic signs and
classifiers. Phonetic signs are reproduced by means
of transcription characters to make reading easier.
Classifiers are signs that give information about a
word (Goldwasser, 2022: 192), for example .2 °
is a classifier in the word 2 __a ht(i) “travel down-
stream”.

Some colleagues attending the 13th Interna-
tional Conference of Egyptologists held in Leiden
from 6 to 11 August 2023 established the Leiden
Unified Transliteration (LUT),” and there has been
constant pressure since then to adopt it for the tran-
scription of Egyptian texts in digital resources, text
editions and publications. However, the LUT is
clearly a scientific regression, as it keeps traditional

3 Thanks to Daniel Zeman for his support.
¢ The hieroglyphs used in this paper are drawn from the hi-
eroglyphic text processor JSesh.

signs, such as ¢ and d, which were adopted in the
19th century only for typographical reasons.

The Tiibingen transcription system (Schenkel,
2012: 19-25; Schneider, 2023: 4)® has been fol-
lowed for the annotation of Egyptian texts in the
EUJA treebank, for its suitability for linguistic
analysis; for example, as in the Slavic languages ¢
stands for the sound /t[/, whereas the LUT’s ¢ may
confuse a linguist for it is used to transcribe /0/ (<)
in Arabic. A table with both systems and the
Unicode codes used for the transcription signs in
the EUJA treebank is included in the appendix (see
table 3, below).

As is usual with sources of extinct languages,
Egyptian texts occasionally contain gaps and er-
rors, which must be noted in their transcription.
The Leiden system for editing ancient texts is con-
sequently used in the EUJA treebank (Schenkel,
2012: 28-29). It includes the following critical
signs:

1. Brackets () add a conventionally omitted el-
ement, for example the suffix pronoun of the
first person singular -7 is usually omitted in
Old Egyptian as vowels or weak consonants
such as =/ were not written.

2. Square brackets [] enclose a restored text
that was missing.

3. Curly brackets {} enclose typographical er-
rors, for example the reduplication of a con-
sonant (i.e. dittography). Such errors are la-
belled as Typo according to the CoNLL-U
format in the EUJA treebank.

4. Angle brackets <> add an element that has
been erroneously omitted from the text, for
example a missing consonant due to haplog-
raphy.

4.2  Sentence splitting

It is generally assumed that no punctuation marks
are used in Old Egyptian and Middle Egyptian.
However, the annotation of the Pyramid Texts in
the EUJA treebank has revealed that a line is occa-
sionally used as a punctuation mark (see fig. 1, be-
low) to indicate the end of a spell (e.g. EUJA-1309)
or to separate a recitation text from a ritual remark
(e.g. EUJA-178). The line in the hieroglyphic text
is transcribed by means of the vertical bar (|).

"https://www.iae-egyptology.org/the-lei-
den-unified-transliteration
8 See also Réssler, 1971: 263-326.
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Fig. 1 PT 38a (= EUJA-178), Piankoff, 1968, pl. 67
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“Unas, take the Eye of Horus Wthh you shall
taste—one cake.”

It should also be noted that the use of a red struc-
turing point (“Gliederungspunkt”) to separate sen-
tences is first attested in hieratic texts from the end
of the Middle Kingdom (ca. 1700 BC, Fischer-
Elfert, 283-284). Egyptian texts are segmented
into three types of EUJA-sentences:

1) Independent sentences, i.e. syntactically
simple sentences with one clause with no
dependent clauses, for example EUJA-
1267.

2) Sentences consisting of two or more
clauses linked by parataxis or coordination,
for example EUJA-682 (a “balanced sen-
tence”).

3) Paragraphs or complex sentences consist-
ing of a sequence of clauses (EUJA-960).

9 The syntactic tree diagrams are taken from Grew-match,
see https://match.grew.fr/

Verbal sentences consisting of an imperative
(e.g. EUJA-277) and nominal sentences of the
A pw pattern (e.g. EUJA-839) are the shortest in
the EUJA treebank. The longest sentence so far is
EUJA-960 with 73 words.

4.3 Tokenisation

No blanks are used between words in Egyptian,
but they are separated by a blank in the transcrip-
tion for easier reading. The following signs are
used in the tokenisation of an Egyptian text:

1. A dotis used to separate the ending from its

stem, cf: nb.t “mistress” and nb “lord”.

2. A blank followed by a double oblique hy-
phen separates a suffix pronoun from an-
other token, for example, nb.t =f “his mis-
tress”.

3. A colon indicates the use of a prefix, for ex-
ample the prefix § in causative verbs, such
as sswbh “make pure” (ie. “purify”,
“cleanse”).

4. A hyphen connects compounds and fixed
multiword expressions, for example titles
such as hr.i-h’b.t “lector priest” and complex
prepositions, for example m-A¢ “behind”. A
hyphen is also used to separate the man-im-
personal noun # (Old Egyptian)/sw (Middle
Egyptian) from a verb form, for example pr-
tw “one shall go” (Diaz Hernandez, 2021
and 2022).

5. Egyptian classifiers are not tokenised be-
cause, unlike classifiers in languages such as
Chinese, Egyptian ones are not part of the
language, but of the hieroglyphic script. The
key “Hierocl=yes” in the XPOS column in-
dicates the use of classifiers in the hiero-
glyphic spelling of a word.

4.4 Lemmatisation

Nouns are lemmatised according to the lemmata of
the “Thesaurus Linguae Aegyptiae” (TLA)'’ and
the “Worterbuch der dgyptischen Sprache” (Wb.,
Erman/Grapow, 1926-1962). If an Egyptian word
differs phonetically from its lemma, it is tran-
scribed according to its phonetic form and its cor-
responding lemma in the TLA and the Wb. is as-
signed, for example the word 5.7 corresponds to the
lemma 7.t “thing” (EUJA-407). In the EUJA tree-

© https://thesaurus-linguae-aegyp-
tiae.de/home



bank, the lemmata of derivatives, such as nisba ad-
jectives, are the words from which they are derived,
for example the lemma of the nisba adjective'' im.7
“one who is in” is the preposition m “in”. Like-
wise, participles, relative forms and infinitives are
lemmatised after the verb stem, for example the
passive participle mry “beloved” corresponds to
the lemma mri “love”. Causative verbs are also
lemmatised after the verb stem without the causa-
tive prefix, for example s:wb “make pure” (i.e.
“purify”, “cleanse”) corresponds to the lemma wb
“be pure”.

4.5 Universal Part-of-Speech tags and Mor-
phological analysis

Fifteen Universal Part-of-Speech tags (cf. Petrov et
al, 2012) are documented in Old Egyptian accord-
ing to the current state of the EUJA treebank.'?

1) Adjective (ADJ; 528/3.60%): There are a
few primary adjectives, for example nb
“every”, “all”. Most of them are deverbal
adjectives such as nfr “be good” and nisba
adjectives such as /m(.7) “one who is in”,
derived from the preposition m “in”. In an
attributive function, adjectives usually
agree in gender and number with the noun
they follow. The boundary between adjec-
tive and noun is occasionally diffuse in Old
Egyptian, as it is unclear if a nisba is used
as an adjective in an attributive function or
as a noun in apposition.

2) Adverb (ADV; 46/0.31%): This part of
speech is only used sporadically. Among
the Old Egyptian adverbs, /m “there” is
common in the Pyramid Texts, although it
is occasionally unclear whether it is the ad-
verb /m or the preposition m in status pro-
nominalis with an omitted suffix pronoun.
Instead of adverbs, adpositions (ADPs;
1,901/12.98%) are usually used in Old
Egyptian, consisting of a preposition and a
noun phrase. Nouns with an adverbial func-
tion, such as ¢.¢ “eternally” or Arw “day”
are also found in Old Egyptian.

"' In Semitic languages, such as Arabic, “nisba” is used to
label an ending added to nouns, and rarely to prepositions and
pronouns, to form (relative) adjectives and nouns (Schulz
2010, 86). The addition of the nisba ending to prepositions to
form adjectives and nouns is a common feature in Egyptian.
12 The absolute and relative frequency of each part of speech
is given between brackets.

3) Interjection (INTJ; 66/0.45%): h’“O” and ¢
“Q” are interjections common in the Pyra-
mid Texts. They precede a noun and have a
vocative function, for example #2 Wnis “O
Unas”.

4) Noun (NOUN; 4,036/27.55%): There is no
case distinction of nouns in Egyptian
scripts.'? They have two genders, mascu-
line and feminine. The ending ¢ is used to
mark the feminine gender and to form the
neuter gender, especially in participles and
relative forms, for example nfrit “that
which is good” i.e. “(the) good”. Nouns
have three numbers, singular, plural, and
dual.

5) Proper Noun (PROPN; 1,788/12.20%):
Names of deities, kings and mythological
places are common in the Pyramid Texts.
All of them are annotated as PROPN.

6) Verb (VERB; 2,490/17.00%): The EUJA
treebank follows the structuralist approach,
reinforcing and developing Polotsky’s the-
oretical framework of the Egyptian verbal
system. In Old Egyptian, there are two verb
conjugations, the “suffix pronoun conjuga-
tion” (SPC) and the “Old Semitic suffix
conjugation” (OSSC). The former needs a
noun or a suffix pronoun as a subject in a
similar way as non-pro-drop languages,
such as English. Most of the exceptions to
this rule are due to phonographic reasons.
The OSSC consists of personal endings
added to the verb stem similar to the verbs
of pro-drop languages, such as Spanish.
The SPC is based on a system of tenses:'
the past I s¢m =f (SPC= Past-1), the past II
s¢m.n #f (SPC=Past-2), the present s¢m =f
(SPC=Pres), the future s¢m =f (SPC=Fut),
the bireferent future S¢m.t-f (SPC=Bi-
Fut)" and the contingent tenses S¢m.in -f
(SPC=ContPast), s¢m.hr =f (SPC=ContPre
s) and $¢m.k? £ (SPC=ContFut).'® The SPC
also has the subjunctive mood s¢m =f

13 The genitive case is expressed by two consecutive nouns
(“direct genitive”) or by the adjective nisba n.7 “belonging to”
(“indirect genitive”).

14 The keys in brackets are used in the XPOS column of the
treebank.

15 The bireferent future has two reference points in time, one
in the past and one in the future.

16 The contingent tenses are conditioned on the verbal action
of the main clause.



(SPC=Sub). The identification of the pre-
sent, future and subjunctive is usually cir-
cumstantial, depending on the context,
since strong verbs in hieroglyphic writing
have the same consonant spelling. The im-
personal construction (Imprs=Man) corre-
sponding to “one” in English is rendered by
adding the noun # / tw to the SPC verb
form, for example:

n fh-ti n zk (EUJA-658)

“No one got rid of you.”

In addition, there are two passive verb
forms in the SPC, the past passive s¢m.w =f
(SPC=PastPass) and the future passive
s¢mm #f (SPC=FutPass). The past II
s¢m.n o, the present s¢m +f, the future
S¢m #f and the passive forms can be used as
abstract relative verb forms (Type=Ab-
strel), i.e. nominal finite verb forms used
syntactically as nouns, especially in the
emphatic construction, the Egyptian cleft
sentence with an adverbial phrase as fo-
cus, for example:

prn #f hr irt Hrw (EUJA-248)

“It is with the Eye of Horus that he came
forth.”

The SPC may consist of adjective finite
verb forms, known as “relative verb forms”
(VerbForm=Relform), which match the
gender and number of the antecedent, for
example:

Wsr(w) Wnis m n =k irt Hrw Snm.tn =f
(EUJA-222)

“Osiris Unas, take the Eye of Horus,
which he rejoined.”

There are syntactic rules for the use of the
OSSC in relation to SPC tenses. Thus, the
tense, aspect and mood of the OSSC varies
according to its syntactic function. The
Early Egyptian verb system has an impera-
tive (Imp) and infinite verb forms. The in-
finitive (Inf) is the nominal infinite verb
form, as opposed to the nominal finite verb
forms i.e. the abstract relative verb forms.
In addition, there are two adverbial infini-
tives, the so-called negatival complement
(NegCom) and the complementary infini-
tive (Compllnf). Participles (Part) are ad-
jective infinitive verb forms as opposed to
the adjective finite verb forms i.e. the rela-
tive forms. Both participles and relative
forms are occasionally used as nouns.

7) Adposition (ADP; 1,901/12,98%): In Old
Egyptian, adpositions are usually preposi-
tions used before a noun. Prepositions oc-
casionally show different spellings in status
pronominalis (Status=Pron) and status con-
structus (Status=Cons), for example im
(Status=Pron) and m (Status=Cons) “in”.
Complex prepositions such as m-‘ “in the
hand” i.e. “from” are considered multiword
expressions (MWEs). Old Egyptian also
knows the use of postpositions, for exam-
ple is “like”.

8) Auxiliary (AUX; 45/0.31%): The particle
iw is considered an auxiliary as it is used to
express the present perfect in combination
with the past II s¢m.n =f'and the habitual as-
pect with the present s¢m +f, for example:
mwrén (i) t’ n hkr (EUJA-1)

“(D have given bread to the hungry.”
iw phr n #f B’(w) (EUJA-1274)
“Thousands (usually) serve him.”

9) Coordinating  Conjunction  (CCONJ;
8/0.05%): The use of CCONJs in Old
Egyptian is exceptional. In the current state
of the Egyptian-UJaen treebank, only #s¢
“and” is attested as CCONJ (e.g. EUJA-
548).

10) Determiner (DET; 369/2.52%): No articles
are used in Old Egyptian. There are four
types of demonstrative pro-adjectives
(Dem) with three genders, masculine, fem-
inine and neutral.

11) Numeral (NUM; 159/1.09%): There are or-
dinal and cardinal numbers in Egyptian.
While “1” and “2” are adjectives, the re-
maining cardinals are nouns. Ordinal num-
bers usually follow a noun as attributives.

12) Particle (PART; 288/1.97%): Old Egyptian
has many particles, three types of which are
present so far in the EUJA treebank—neg-
ative particles (n and ny), emphatic parti-
cles (in, is, wnn.t, hm and mi) and modal
particles (’ and my).

13) Pronoun (PRON; 2,708/18.48%): There
are three types of personal pronouns in Old
Egyptian—the independent (IndPron), de-
pendent (DepPron) and suffix (SFP). The
keys to the three types are annotated in the
XPOS column of the EUJA treebank.

14) Subordinating  conjunction  (SCONJ;
4/0.03%): Two SCONIJs have been anno-
tated so far in the EUJA treebank, n-n.tt



“because” (UDE-385) and wn.t “that”
(UDE-1380).

15) Symbol (SYM): Although no symbols are
found in the current state of the EUJA tree-
bank, some signs may have been used as
symbols in exceptional cases.

4.6 Universal Dependency Relations

Nominal core arguments (nominal and clause
subject, object and indirect object), non-core argu-
ments (oblique nominal, vocative, expletive and
dislocated element) and nominal dependents (nom-
inal modifiers, appositional modifier and numeric
modifier) are widespread in Egyptian. It should be
noted that the vocative is usually used in the Pyra-
mid Texts (418/2.85%), as these are ritual texts ad-
dressed to the deceased king.

The dependency relation between verbal clauses
is often established by “adordination” (Diaz Her-
nandez, 2013: 5, footnote 20), i.e. the syntactic de-
pendency relation caused by a temporal reference
of the verb form in the “adordinate” clause:
mh-tb n(.7) nsw hnt =f (EUJA-32)

“One who earns the king’s trust (i.e. king’s confi-
dant) (when) he sails upstream.”

Here the present tense /nt =f“‘he sails upstream”
is syntactically dependent on the head of the pre-
ceding clause because of the temporal reference
of the verb form.

The current state of the EUJA treebank also
contains cases of modifier words and function
words. The three types of universal modifier
words are adverbial modifiers (172/1.17%, e.g.
the negative particle » in EUJA-1072), discourse
elements (151/1.03%, e.g. the particle m ~k in
EUJA-916) and adjectival modifiers (500/3.71%,
e.g. the adjective nfr.t in EUJA-923). Among the
function words, Old Egyptian has the particle iw
used as an auxiliary (45/0.31%, e.g. EUJA-1), the
demonstrative determiner p7 or pw used as a cop-
ula (96/0.66%, e.g. EUJA-417), markers (54/0.37)
such as the subordinating conjunction wn.t
(EUJA-1380), determiners (246/1.68%) and prep-
ositions usually used to mark a case of relation. In
Egyptian, classifiers are not words, but signs that
provide semantic information about the word they
accompany.

Conjuncts (293/2.68%) are usually connected
to other elements without coordinating conjunc-
tions. The “fixed” relation is only used for com-

plex prepositions (111/0.76%), such as m-ht “be-
hind” and the flat relation for names consisting of
two or more elements, for example Hr.w-nhn(.y)
“Horus of Nekhen”. Egyptian multiword expres-
sions are not annotated as elements in a “fixed”
relation because they are expressions with an idi-
osyncratic meaning whose morphological and
syntactic structure can change.

No list has yet been annotated in the EUJA tree-
bank, although chains of items are found in Egyp-
tian inventories.

Parataxis (303/2.07%) is a common relation, as
it is used in reported speech (e.g. EUJA 973) and
to link pairs of sentences in the so-called “bal-
anced sentence” (e.g. EUJA-645).

The “orphan” relation used to indicate ellipsis
is documented in the EUJA treebank (15/0.10%,
e.g. EUJA-916) and combinations of lexemes
considered morphosyntactically as single words
are annotated as compounds (93/0.63%), for ex-
ample ps¢.t-n¢s.t “Little Ennead”. Unspecified
dependency (dep; 48/0.33%) occurs when the re-
lation between words cannot be determined due to
the absence of vowels in the hieroglyphic script,
for example in the offering formula (EUJA-168).

4.7 Hieroglyphs

Hieroglyphs have been annotated manually
(over 15,000 signs) using Unicode characters in the
MISC column. When hieroglyphs are omitted for
phonographic or conventional reasons, the key
“Hiero=No” is annotated.

It should be noted that the Unicode extended
repertoire of Egyptian hieroglyphs and control
characters are still not supported by computer sys-
tems (Suignard, 2023 and Glass et al., 2021). Thus,
only hieroglyphs from Gardiner’s list are annotated
(Gardiner, 1957: 438-548). The key “UC No”
means that there is no Unicode character for a
given hieroglyph, whereas when a Unicode charac-
ter for a hieroglyph of the extended repertoire
(Suignard, 2023) cannot be used because still under
development, its code is annotated with the key
“UC_Code”, for example ==== is annotated
“UC_1397B”.

As Unicode control characters cannot be used
yet to arrange hieroglyphs, they are annotated using
the following signs:

1. Colon (©) to indicate subordination of signs,

for example 0: we corresponds to . pn

“this”.



2. Brackets () to segment groups of hiero-
glyphs.

3. Asterisk (*) to indicate the juxtaposition of
hieroglyphs, for example (oc*=:)== corre-
sponds to = p.t “sky”.

5 Training and Evaluating an NLP
model

We used the CoNLL-U file containing the EUJA
treebank to train a model of UDPipe 1 (Straka et
al)'” to automatically perform tokenisation, mor-
phological analysis, part-of-speech tagging, lem-
matisation and dependency parsing. The test set
consisted of 160 sentences chosen randomly. These
sentences were EUJA-181-200, 351-370, 491—
510, 671-690, 811-830, 960-979, 1221-1240 and
1431-1450. The training set consisted of the re-
maining 1,413 sentences. Table 2 shows the results
of the evaluation process.'®

Metric F1 Score
UPOS 90.30
XPOS 76.01
UFeats 75.87
AllTags 65.39
Lemmata 89.38
UAS 82.52
LAS 71.97
CLAS 69.13
MLAS 56.14
BLEX 63.27

Table 2: Evaluation of an NLP model trained on the
treebank

This table shows promising results as all catego-
ries get an F1 score over 50. The accuracy of lem-
mata (89.38) and Universal Part of Speech tags
(UPOS: 90.30) is especially high. The Labeled At-
tachment Score (LAS), the Bilexical Dependency
Score (BLEX), the Language Specific Part of
Speech tags (XPOS) and the Morphological Fea-
tures (UFeats) show an F1 score of between 60.00
and 80.00." The Morphology-Aware Labeled At-
tachment Score (MLAS) is the only category with
a F1 score between 50.00 and 60.00.

Thttps://ufal.mff.cuni.cz/udpipe/1

18 The evaluation was performed using the eval.py script
provided among other UD tools at
https://github.com/UniversalDependen-
cies/tools

The UDPipe 1 trained model usually provides a
high accuracy rate on UPOS tags, especially nouns
and nisba adjectives. As for parsing, it can automat-
ically and accurately annotate short sentences, for
example EUJA-1280 and 1287:

EUJA-1280:
root obj
[ ‘ aux \ l[ ] nsubj \ 1 nmod :
_ 0 w ic.n 2 ncﬂ. w)

ha.ti(ow)
I o -

% A i

“He (+f) has (iw) taken (ic.n) the hearts (4 ti(-w)) of
the gods (ncr(w)).”

EUJA-1287:

ro
discourse
nsubj
nmod

w h k;l (w) zsn m h.t of

“Their (-$n) magic (hk{(w)) is now (iw) in () his
(f) belly (.0).”

The trained model reveals to be sufficiently
good in assigning the correct morphological fea-
tures and dependency relations to two words with
the same spelling, for example:

R

EUJA-1324:
_(I)_ hr hr w;.lt

“The face (Jr) is on (hr) the way (w?.) (i.e. the head
looks down).”

6 Conclusion

When Joris F. Borghouts published his Middle
Egyptian grammar in 2010, with a large number of
examples and references to Egyptian texts, Wolf-
gang Schenkel predicted that a digital database of
syntactically analysed sentences would be the next
step in Egyptian philology.”” The EUJA treebank
makes Prof. Schenkel’s prediction come true, as it
contains morphosyntactically annotated sentences
from the most representative texts of each pre-Cop-
tic stage. It will be an auxiliary tool for the study of
Egyptian grammar, facilitating the synchronic and
diachronic parsing of structures and words.

The development of the EUJA treebank includes
two further phases:

19 For LAS and UAS see Buchholz and Marsi, 2006. For
CLAS, MLAS, BLEX see Zeman et al, 2018.
20 Personal communication to R.A.D.H.



1) Annotation of the remaining part of the Pyra-
mid Texts.

2) Annotation of the Old Kingdom and First In-
termediate Period biographical texts.

Once these corpora are annotated, the treebank
will certainly hold over 100,000 Old Egyptian
words, and annotation of the Middle Egyptian cor-
pus will begin.
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A Appendix

LUT Tiibingen | Unicode

N ; ; A723

| 1 1 A7BD
0 v y

\ I i 00EF
0 ( ‘ A725
% w w

] b b

0 p p
— A S

k m m
oo n n

— r r

o h h

§ h h 1E25
o h h 1E2B
o h h 1E96
= Z S

N s § 015B
— $ $ 0161
2 q k 1E33
= k k

a g g

o t t
= ! é 010D
= d { 1E6D
b d ¢ 010D+0323

Table 3: The LUT, the Tiibingen transcription system
and the Unicode signs used in the EUJA treebank



