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Abstract

We present OTA-BOUN v2.0, the largest Universal Dependencies treebank for historical Turkish, consisting of 1,742
manually verified sentences sampled from late Ottoman texts. The annotation process followed a semi-automatic
methodology: initial pre-annotation by the UDPipe 2.0 pipeline was refined through manual annotation of dependency
relations, part-of-speech tags, and lemmas. A distinctive feature of OTA-BOUN is its dual-script representation: each
sentence is provided both in the original Perso-Arabic script and its Latinized transcription, while tokens include
aligned forms in both scripts. This dual-layer design enables research on script conversion, cross-lingual transfer,
and historical–modern Turkish comparisons. Through detailed analyses on the aforementioned treebank, this study
presents a unique and scalable resource, advancing computational studies of historical Turkish and supporting
broader efforts in multilingual and diachronic NLP.
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1. Introduction

The development of robust language resources is
fundamental to the advancement of Natural Lan-
guage Processing (NLP). However, historical lan-
guages remain significantly underrepresented, cre-
ating a substantial gap in our ability to computa-
tionally analyze vast archives of cultural and his-
torical heritage. Although the Universal Dependen-
cies (UD) (Nivre et al., 2016) project has become a
standard for creating cross-linguistically consistent
treebanks, historical languages are still largely ex-
cluded. Ottoman Turkish, the precursor to modern
Turkish used for over 600 years, exemplifies this
challenge. Following the Turkish language reform
movement during the first half of the 20th century,
which replaced the Perso-Arabic script with a Latin-
based alphabet and reduced the use of Arabic and
Persian loanwords, a clear divergence emerged
between the two language varieties. This linguistic
gap causes modern Turkish NLP tools to be ineffec-
tive for processing historical texts, which are char-
acterized by distinct syntactic structures, a different
lexicon, and a unique orthography (Öztürk et al.,
2025; Aladağ, 2024). The absence of comprehen-
sive treebanks for Ottoman Turkish has hindered
systematic computational research, limiting large-
scale quantitative analyses of language change
and application of NLP to digitized historical docu-
ments.

In this paper we introduce OTA-BOUN v2.0,1

1OTA-BOUN v2.0 is available at https:
//huggingface.co/datasets/BUCOLIN/
ud-ota_boun.

the most comprehensive UD treebank for Ottoman
Turkish to date. Expanding significantly on the initial
v1.0 release, this version comprises 1,742 manu-
ally annotated sentences taken from diverse late
Ottoman texts (1880-1928) and nearly 25,000 to-
kens, making it the largest treebank of its kind. The
treebank implements a dual-script representation,
providing each sentence in both the original Perso-
Arabic script and its Latinized transcription with
token-level alignment across scripts. Additionally,
manual annotation covers dependency relations,
part-of-speech tags, and lemmas following Univer-
sal Dependencies guidelines adapted for historical
Turkish characteristics. By providing a richly anno-
tated, large-scale and accessible resource, OTA-
BOUN v2.0 aims to establish a foundational dataset
for the computational study of historical Turkish and
to encourage further research in this area.

The remainder of this paper is structured as
follows: Section 2 introduces the linguistic back-
ground of Ottoman Turkish and reviews related
work in the literature. Section 3 details the de-
velopment of the OTA-BOUN treebank, including
data sources, the annotation scheme, and the chal-
lenges encountered during dual-script alignment.
Section 4 presents a comprehensive error analysis
of the pseudo-annotations. Finally, Section 5 con-
cludes the paper and outlines directions for future
work.

2. Background and Related work

This section introduces the linguistic background of
Ottoman Turkish and highlights its main differences

https://huggingface.co/datasets/BUCOLIN/ud-ota_boun
https://huggingface.co/datasets/BUCOLIN/ud-ota_boun
https://huggingface.co/datasets/BUCOLIN/ud-ota_boun
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from modern Turkish. It also presents a brief review
of related work in the literature.

2.1. Ottoman Turkish
Ottoman Turkish refers to the historical stage of
the Turkish language that was in use from the late
13th century until the early 20th century in the Ot-
toman Empire. Its writing system was based on
an adapted form of the Arabic script, in which five
additional characters were introduced to capture
Turkish phonemes not represented in the original
alphabet. The lexicon of Ottoman Turkish was heav-
ily shaped by contact with Arabic and Persian, in-
corporating not only extensive loanwords but also
complex grammatical constructions from these lan-
guages. Such influence is evident, for instance, in
the frequent use of long noun phrases, multi-word
expressions, and distinctive word-order patterns.
As a result, sentences—particularly in earlier Ot-
toman texts—often exhibit considerable length and
structural complexity.

In 1928, the Arabic-based script was replaced by
the Latin alphabet as part of the language reform
movement initiated in the early Republican period.
These reforms also aimed to reshape the vocab-
ulary: a large proportion of Arabic- and Persian-
origin words were either replaced by borrowings
from European languages or substituted with newly
coined native forms. Over time, these reforms pro-
duced a marked divergence between modern Turk-
ish and its Ottoman predecessor.

The lexical gap between the two varieties is vis-
ible in the distribution of loanwords. Redhouse’s
well-known Ottoman dictionary A Turkish and En-
glish Lexicon (Redhouse, 1884) lists 79,491 en-
tries, 57% of which are of Arabic origin and 12%
of Persian origin. By contrast, Moore (Moore and
Uni, 2015) reports that among the 3,270 most fre-
quently used words in modern Turkish, only about
25% are Arabic and 6% are Persian. Alternatively,
the official Standard Turkish Dictionary published
by the Turkish Language Institution (TDK), includes
104,481 entries, of which 6,463 (~6%) are of Arabic
origin and 1,374 (~1%) are of Persian origin (TDK,
2005).

Figure 1 presents an example sentence ex-
cerpted from İntikâd, a collection of letters com-
posed in years 1887-88. The figure displays the im-
age of the portion of the original document contain-
ing the sentence (part a) alongside its transcribed
version (part b). It further provides the translitera-
tion of the original sentence from the Perso-Arabic
script into the Latin alphabet (part c) and its trans-
lation into modern Turkish (part d). In parts (c) and
(d), Ottoman Turkish words and phrases, together
with their modern Turkish equivalents, are high-
lighted in gray and annotated with corresponding
superscripts, demonstrating the lexical and gram-

Figure 1: An Ottoman Turkish sentence taken from
İntikâd, a collection of two writers’ correspondence.
Part (a) shows the image of the section of the orig-
inal document containing the sentence. Part (b)
presents the transcription of the sentence in digi-
tized form. Part (c) provides the transliteration of
the sentence from the original Perso-Arabic script
into the Latin script. Part (d) gives the translation
of the sentence into modern Turkish. English trans-
lation of the sentence: "Among your literary works
that have recently begun to bring a new vitality to
the Ottoman press which has for some time been
expanding and viewed with growing pride, the two-
volume work titled “Victor Hugo” published this time
has especially attracted attention."

matical evolution from Ottoman Turkish to modern
Turkish.

2.2. Related Work

The Universal Dependencies (UD) Project2 is
an international collaborative effort to develop
cross-linguistically consistent treebank annotations
across a wide variety of languages (Nivre et al.,
2016). Today, UD includes hundreds of treebanks
for over 130 languages, forming the largest pub-
licly available collection of harmonized syntactic

2https://universaldependencies.org/
introduction.html

https://universaldependencies.org/introduction.html
https://universaldependencies.org/introduction.html
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resources. These corpora have enabled compara-
tive linguistic studies, cross-lingual parsing experi-
ments, and practical NLP applications. Despite its
breadth, however, UD remains skewed towards con-
temporary, high-resource languages. Historical lan-
guages are still severely underrepresented, even
though they offer unique insights into diachronic
syntax and language change.

Among the few historical languages represented
in UD, some of the most established are An-
cient Greek and Latin. Large treebanks for these
languages were developed more than a decade
ago (Bamman and Crane, 2011; Haug and Jøh-
ndal, 2008), covering hundreds of thousands of
words from classical texts. They have been
used extensively in philological and diachronic re-
search (Futrell et al., 2015; Culbertson et al., 2020;
Schlechtweg et al., 2021). Other contributions in-
clude treebanks for Gothic, Old Church Slavonic
and Old Russian, Old French, and Old English
(Haug and Jøhndal, 2008; Berdičevskis and Eck-
hoff, 2020; Prévost et al., 2024; Martín Arista, 2024),
typically derived from historical corpora aligned
with Bible translations or early vernacular literature.
More recently, resources have also been devel-
oped for Classical Chinese (Lee and Kong, 2012),
Coptic (Zeldes and Abrams, 2018), and Biblical He-
brew (Swanson and Tyers, 2022). These initiatives
demonstrate the value of syntactic annotation for
historical texts, yet compared to modern languages
they remain relatively rare and often limited in size.
Even where multiple treebanks exist, such as for
Ancient Greek or Latin, they are tied to specific gen-
res and traditions, limiting broader generalization.

The situation is similar for Turkish. While modern
Turkish has several well-established UD treebanks
(e.g., Sulubacak et al. (2016); Türk et al. (2022);
Kuzgun et al. (2021)) that provide extensive cover-
age of modern Turkish, none capture the distinc-
tive features of Ottoman Turkish. Ottoman Turkish
texts exhibit long, syntactically complex sentences,
heavy use of Arabic and Persian lexical and deriva-
tional patterns, and discourse connectors rare or
absent in modern usage. The absence of a UD
treebank for Ottoman Turkish has hindered sys-
tematic NLP approaches for the digitized historical
Turkish documents and limited comparative stud-
ies of language change from Ottoman to modern
Turkish. OTA-BOUN v1.0 treebank (Özateş et al.,
2025) was developed as a step toward addressing
this need, marking the first UD treebank explicitly
created for historical Turkish and providing a foun-
dational resource for computational analyses in this
domain.

After this first version of OTA-BOUN, the DUDU
Treebank (Yılandiloğlu and Siewert, 2025) was in-
troduced as another attempt to model Ottoman
Turkish within the UD framework. It includes 1,064

sentences collected from heterogeneous sources
such as biographies, newspapers, religious texts,
fictional works, and essays. DUDU used the
MaCHAMP toolkit for automatic annotation and
applied manual correction in iterative cycles. A
key methodological choice was to preprocess the
data by transforming Ottoman texts into Latinized
equivalents using the IJMES transliteration system,
without including the original Perso-Arabic script.
Some materials had previously been transcribed
with modern Turkish orthography, which does not di-
rectly correspond with Ottoman Turkish letters and
therefore caused a loss of meaning and a need
for re-checks on the corpus for consistency. Fur-
thermore, sentences heavily dominated by Arabic
words were excluded from the corpus and ’gender’
was manually added as a morphological feature
during postprocessing, since modern Turkish has
a genderless morphology, but Ottoman Turkish re-
flects Arabic influence.

In comparison with the DUDU Treebank, OTA-
BOUN introduces significant improvements in both
scale and design. While DUDU contains about 10K
tokens, OTA-BOUN includes nearly 25K – making it
the largest UD treebank for Ottoman Turkish. A dis-
tinctive contribution of OTA-BOUN is its dual-script
representation, where each sentence is aligned
across Perso-Arabic and Latin transcriptions, sup-
porting both computational and philological anal-
ysis. By preserving the original morphosyntactic
properties of Arabic- and Persian-derived elements,
OTA-BOUN provides a historically informed and
computationally usable representation.

3. OTA-BOUN: A UD Treebank for
Ottoman Turkish

OTA-BOUN is one of the initial endeavors towards
enriching Ottoman Turkish NLP resources and en-
hancing the effectiveness of existing NLP tools on
Ottoman Turkish texts. In this section, we provide
information about the data source and language
of the treebank, detail our annotation process, and
provide treebank statistics. We also outline the
annotation challenges with examples and the ap-
proaches used to address them.

3.1. Data
OTA-BOUN v2.0 includes 1,742 syntactically an-
notated sentences written in both original Perso-
Arabic script and the Latin-script.

The sentences are sampled from twelve texts by
ten different writers. All of the texts are from liter-
ature published between 1880 and 1928. There
are two articles, excerpts from two history texts,
four stories, one memoir, one correspondence, and
one excerpt from a novel. Figure 2 visualizes the



6932

# sent_id = nut_mk_48
# text_arabic = . PñJ
K
YK
@

�
I�.

�
�
�
� é

	
JÓ@ 	Q«@

�
I



�J
ë QK. éK
AK�ðPð

�
@

# text_latin = Avrupa’ya bir heyet i’zâmına teşebbüs ediyor .

1 Avrupa’ya Avrupa PROPN Place Case=Dat|Number=Sing 4 iobj _ éK
AK�ðPð
�
@

|Person=3
2 bir bir DET Indef _ 3 det _ QK.

3 heyet heyet NOUN _ Case=Nom|Number=Sing 4 obj _ �
I



�J
ë

|Person=3
4 i’zâmına i’zâm VERB _ Case=Dat|Number[psor]=Sing 5 ccomp _ é

	
JÓ@ 	Q«@

|Person=3|Person[psor]=3
5 teşebbüs teşebbüs NOUN _ Case=Nom|Number=Sing 0 root _ �

I�.
�
�
�
�

|Person=3
6 ediyor et VERB _ Aspect=Imp|Number=Sing 5 compound:lvc _ PñJ
K
YK
@

|Person=3|Polarity=Pos
|Tense=Pres

7 . . PUNCT Stop _ 5 punct _ .

Table 1: Annotation of an example sentence from the OTA-BOUN treebank.

Figure 2: The proportional distribution of genres
within the corpus, measured by token count.

proportional distribution of these genres within the
treebank, measured by token count. The collection
is primarily composed of the Story genre, which
makes up 64.2% of all tokens, followed by Politi-
cal/Speech at 19.2%. The remainder of the corpus
consists of smaller portions from Correspondence
(5.9%), Memoir (4.6%), Article (4.0%), and a Novel
(2.1%). This diverse composition ensures that the
treebank captures a range of syntactic and lexical
patterns from the period.

In the dataset, we observe various types of lex-
ical replacement between Ottoman and modern
Turkish. For example, a single historical term can
correspond to a multi-word phrase in contempo-
rary usage, as in mütarekenâme versus ateşkes
anlaşması (armistice agreement).

In addition to lexical differences, we observe syn-
tactic patterns that diverge from modern usage. For
example, dâî-i endişe literally means “causing anx-
iety.” Here the participle (dâî, “causing”) precedes
its object (endişe, “anxiety”), which is the reverse
of the typical order in modern Turkish, where the

object comes first (endişe verici, “anxiety-causing”).

3.2. The Annotation Scheme
The annotation process was carried out by two
trained linguist annotators, each with substantial
expertise in Turkish grammar, general linguistics,
and grammatical theory. Their work was supported
by two senior computer scientists with extensive
background in natural language processing and Ot-
toman Turkish, who provided guidance throughout
the manual annotation phase.

To assess annotation consistency, a randomly
selected subset of 50 sentences was double-
annotated. For dependency labels, inter-annotator
agreement measured on 517 dependency rela-
tions reached a Cohen’s kappa score of 0.86, with
corresponding unlabeled and labeled attachment
scores of 88.19% and 81.69%, respectively. For
lemmatization, the annotators agreed on 96% of
the lemmas. Part-of-speech tagging, being less
ambiguous in nature, was performed by a single
linguist annotator and subsequently reviewed by
the team to ensure internal consistency. The re-
maining sentences were annotated independently,
and upon completion, all annotations were collec-
tively reviewed to resolve any discrepancies.

For the annotation process, we primarily relied
on the Universal Dependencies framework, draw-
ing on the Turkish-specific recommendations3 in
cases where additional clarification was required.
The present release includes manual annotation of
dependency relations, part-of-speech categories,
and lemmas, thus providing a richer linguistic layer
than the initial version. All material is encoded in
CoNLL-U, the standard UD file format, and an ex-
ample sentence is shown in Table 1. To preserve

3https://github.com/boun-tabi/UD_
docs/blob/main/_tr/dep/Turkish_deprel_
guidelines.pdf

https://github.com/boun-tabi/UD_docs/blob/main/_tr/dep/Turkish_deprel_guidelines.pdf
https://github.com/boun-tabi/UD_docs/blob/main/_tr/dep/Turkish_deprel_guidelines.pdf
https://github.com/boun-tabi/UD_docs/blob/main/_tr/dep/Turkish_deprel_guidelines.pdf
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the original script, each sentence contains both Ot-
toman Turkish form in Arabic script and its Latin
transliteration, with the Latinized tokens listed in
the second column and the Arabic script forms pro-
vided in the final column.

It is important to note, however, that the morpho-
logical features included in this release were gen-
erated automatically by the pre-annotation pipeline
and, unlike the other layers, were not subject to
manual verification.

3.3. Treebank Statistics
The initial version of the Ottoman Turkish depen-
dency treebank (Özateş et al., 2025), released with
UD v2.14, contains 514 syntactically annotated Ot-
toman Turkish sentences with a total of 8,794 to-
kens. With its expansion to approximately 25,000
tokens in the second release, OTA-BOUN ranks as
the ninth largest Turkic treebank in the Universal
Dependencies collection, according to the com-
parative overview provided by Akhundjanova et al.
(2025).

As summarized in Table 3, the expansion from
v1.0 to v2.0 extended the corpus from 514 (8,794)
to 1,742 (24,954) sentences (tokens), yielding an
approximately threefold increase in size. The aver-
age sentence length decreased from 17.1 to 14.3
tokens due to the inclusion of more story-type texts
with shorter sentences. The broader range of gen-
res and styles makes the corpus a more represen-
tative sample of Ottoman Turkish usage.

Beyond the overall increase in size, OTA-
BOUN v2.0 extends the range of annotated
dependency relations, as detailed in Table 2.
Turkish-specific relations that were absent in v1.0,
such as dep:der, discourse:q, nmod:part,
obj:cau, and obl:tmod, are now represented,
while relations like csubj:pass and nsubj:pass
occur more frequently. This broader coverage en-
sures that the treebank better reflects the syntactic
variation characteristic of Turkish.

Alongside extending the relation inventory, spe-
cific annotation choices were also revised in v2.0.
In the initial release, mark was limited to comple-
mentizers (e.g., ki, eğer, çünkü), consistent with
earlier practice in several modern Turkish UD tree-
banks (cf. the comparative table in Türk et al.,
2022). In v2.0, this work aligns more closely with
the UD guidelines4—and with the emerging prac-
tice in other modern Turkish treebanks (FrameNet,
GB, Kenet, Penn, Tourism)—by extending mark
to clause-related adpositions and similar subordi-
nators. This update yields a decrease in the rel-
ative frequency of case (257 → 497; 2.92% →
1.96%) and a corresponding increase in mark (27

4https://universaldependencies.org/tr/
dep/mark.html

→ 314; 0.31% → 1.24%). Table 4 compares this
proportion across several historical and modern
Turkish UD treebanks. Notably, our revised mark
proportion is now comparable to that reported for
the DUDU Ottoman Turkish treebank (~1.45%; Yı-
landiloğlu and Siewert, 2025), indicating a conver-
gent treatment of subordination across Ottoman
and modern Turkish UD resources. In addition,
many constructions previously annotated as obl
were reanalysed as advcl, following the guideline
distinction between oblique dependents and sub-
ordinate clauses, which contributes to the higher
proportion of advcl observed in v2.0.

We also note a substantial increase in the relative
frequency of cop and root. The higher propor-
tion of copular constructions reflects their stronger
representation in the expanded dataset, while the
increase in root is largely due to the lower aver-
age sentence length in v2.0. These shifts affect
the overall distribution: the relative share of many
other relations appears to decrease, even though
their absolute counts continue to rise, and in some
cases the proportional growth of certain relations
looks more limited than the underlying increase in
their counts would suggest.

3.4. Challenges in Annotation
Dependency Annotation. Dependency annota-
tion for Ottoman Turkish is complicated by several
linguistic and orthographic factors inherent to the
language and its historical context. The main chal-
lenges that directly informed the design of our an-
notation scheme are summarized below:

(i) Complex clause structures: The language
frequently exhibits deep syntactic embedding, long
noun phrases, and multiple levels of subordination,
which complicates the consistent identification of
heads and dependents.

(ii) Participial and nominalized modifiers: An
extensive use of participles and converbs, of-
ten functioning as adjectival or adverbial clauses,
makes the consistent application of relations such
as acl and advcl difficult.

(iii) Dual-script orthography: Variation be-
tween Perso-Arabic and Latinized forms can ob-
scure syntactic boundaries and introduce inconsis-
tencies in tokenization and alignment.

(iv) Flexible word order and inherited con-
structions: Ottoman syntax allows for consider-
able reordering and includes many Arabic- and
Persian-influenced multiword expressions that do
not align neatly with standard UD conventions.

Lemma Annotation. Lemmatizing historical Turk-
ish requires reconciling diverse scripts, orthogra-
phies and etymologies. Many words appear only
in Perso-Arabic script, with multiple possible Latin

https://universaldependencies.org/tr/dep/mark.html
https://universaldependencies.org/tr/dep/mark.html
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Table 2: Counts and percentages of dependency relations in OTA-BOUN v1.0 vs. v2.0.

Relation v1.0 v2.0
Count % Count %

acl 348 3.95 787 3.10
advcl 197 2.24 678 2.67
advmod 396 4.49 1075 4.23
advmod:emph 87 0.99 234 0.92
amod 620 7.04 1681 6.62
appos 2 0.02 2 0.01
aux 39 0.44 181 0.71
case 257 2.92 497 1.96
cc 228 2.59 774 3.05
cc:preconj 12 0.14 58 0.23
ccomp 120 1.36 354 1.40
compound 76 0.86 187 0.74
compound:lvc 246 2.79 676 2.66
compound:redup 33 0.37 95 0.37
conj 607 6.89 1664 6.55
cop 48 0.54 523 2.06
csubj 42 0.48 117 0.46
csubj:pass – – 10 0.04
dep 14 0.16 6 0.02
dep:der – – 39 0.15
det 508 5.76 1341 5.28
discourse 82 0.93 101 0.40
discourse:q – – 71 0.28
dislocated 5 0.06 10 0.04
fixed 6 0.07 25 0.10

First half (25 relations, A–F)

Relation v1.0 v2.0
Count % Count %

flat 87 0.99 228 0.90
flat:foreign – – 3 0.01
goeswith 5 0.06 32 0.13
iobj 26 0.30 104 0.41
list – – 9 0.04
mark 27 0.31 314 1.24
nmod 137 1.55 215 0.85
nmod:part – – 8 0.03
nmod:poss 746 8.47 1995 7.85
nsubj 507 5.75 1433 5.64
nsubj:outer – – 3 0.01
nsubj:pass 22 0.25 98 0.39
nummod 57 0.65 199 0.78
obj 557 6.32 1541 6.07
obj:cau – – 6 0.02
obl 873 9.91 2412 9.50
obl:agent 4 0.05 12 0.05
obl:cau – – 1 0.00
obl:tmod – – 194 0.76
orphan 4 0.05 10 0.04
parataxis 10 0.11 56 0.22
punct 1207 13.70 3430 13.50
root 514 5.83 1742 6.86
vocative 7 0.08 52 0.20
xcomp 49 0.56 118 0.46

Second half (25 relations, F–X)

Table 3: Basic statistics of OTA-BOUN: v1.0 vs v2.0

Feature v1.0 v2.0
Num. of Sentences 514 1,742
Num. of Words 8,812 25,402
Num. of Tokens 8,794 24,954
Avg. Tokens per Sentence 17.10 14.32
Unique POS Tags 16 16
Unique Morphological Features 52 54
Unique Dependency Relations 40 50

Table 4: Proportion of the mark relation in historical
and modern Turkish UD treebanks.

Treebank Mark (%)
OTA-BOUN v2.0 1.24
OTA-BOUN v1.0 0.31
DUDU (Yılandiloğlu and Siewert, 2025) 1.45
Atis (Yıldız et al., 2020) 0.02
BOUN (Türk et al., 2022) 0.16
FrameNet (Cirik and Bozşahin, 2015) 0.61
GB (Çöltekin, 2015) 1.16
IMST (Sulubacak et al., 2016) 0.14
Kenet (Çöltekin et al., 2019) 0.36
PUD (Zeman et al., 2017) 0.05
Penn (Oflazer et al., 2018) 0.49
Tourism (Yıldız et al., 2022) 0.26

transliterations. Others are loanwords from Arabic
or Persian whose inflectional structure differs from
standard Turkish; derivational suffixes may be am-
biguous and some words have no direct modern
counterpart. This creates annotation dilemmas, as
seen with the adverb ebediyyen (

�
AK
YK. @, ’eternally’).

A strict morphological analysis based on its source
language, Arabic, would treat the -en suffix as a
purely inflectional case ending (tanween) and re-
duce the word to the adjectival lemma ebedî (’eter-
nal’). However, within the synchronic system of
Ottoman Turkish, this suffix is no longer part of a
productive inflectional paradigm but functions as a

fixed tool to derive adverbs from Arabic adjectives.
Because we treat this as a lexicalized derivational
process within Turkish, we chose to lemmatize the
word as ebediyyen itself, preserving the complete
adverbial form.

Since standard morphological analyzers trained
on modern Turkish perform poorly on historical vo-
cabulary, we had to verify lemma forms manually
using period dictionaries and cross-language lex-
icons. Even basic segmentation of particles and
agglutinative endings are non-trivial when vowels
are omitted in the Perso-Arabic script, leading to po-
tential misassignment of lemma boundaries. These
factors make automatic lemmatization unreliable.
This unreliability is not just a matter of script interpre-
tation but is also rooted in the deep morphophono-
logical alternations of common loanwords. The
word for ’age’, for instance, derives from Arabic sinn
( �	á��), with a geminate final consonant (a doubled
consonant sound). This consonant is simplified
to sin in its bare form in Turkish, but the original
geminate resurfaces when a vowel-initial suffix is
added, as in sinni (’his age’). This creates a critical
ambiguity: the inflected form sinni gives no internal
clue as to whether its base lemma is the surface
form sin or the etymological sinn. Since morpho-
logical analysis alone cannot resolve this ambiguity,
consulting an etymological dictionary—where the
latent consonant is recorded—is essential. This
reliance on external verification, even for common
words, makes lemmatization inherently slow and
complex. A more detailed discussion regarding the
challenges of Turkish morphosyntax deformation
and historical compounds in the initial OTA-BOUN
treebank can be found in Özateş et al. (2025).
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Table 5: Counts of UPOS and dependency relation
corrections by category.

Category UPOS ∆ DEPREL ∆
Article 143 575
Correspondence 126 257
Fiction (novel) 31 87
Fiction (story) 732 1,749
Memoir 141 279
Speech/Political 403 829
All 1,576 3,776

3.5. Challenges in Dual-Script Alignment

As noted in 3.2, each token in the treebank is rep-
resented in both Perso-Arabic script and its Latin
transliteration. While this dual-script representation
increases the accessibility and linguistic richness of
the resource, it also introduces several challenges.
A key challenge encountered when adding the orig-
inal Perso-Arabic script was aligning the tokenized
Arabic-scripted versions with their Latin-script coun-
terparts. Orthographic variation in Ottoman Turk-
ish is substantial, with multiple spellings of the
same lexical item across texts and authors. More-
over, the correspondence between Perso-Arabic
letters and Latin characters is not always straight-
forward: a single Arabic character may represent
different phonemes, or conversely, multiple Ara-
bic graphemes may map onto a single Latinized
form. In addition, punctuation and spacing prac-
tices in historical texts often obscure token bound-
aries, complicating tokenization and alignment. For
example, in the Arabic-script, forms such as ú×PAK�AK

(yapar mı), é» A 	®J
k (hayfa ki), èXQ«@ñ �
�ð (ve şevâir de)

appear as single tokens, whereas in the Latinized
form they are separated by spaces. Such occur-
rences, prevalent in the writing of the conjunctions
“de”, “ki” and the question clitic “mı”, create chal-
lenges for tokenization and dependency annota-
tion. These discrepancies are particularly common
in function words and clitics, while content words
generally align more consistently across scripts.
Finally, technical issues such as Unicode normal-
ization, diacritic inconsistencies, and bidirectional
rendering created further difficulties in maintain-
ing consistency across scripts. Addressing these
challenges required a combination of normaliza-
tion rules, careful manual checking, and the use of
historical dictionaries to resolve ambiguous cases.

4. Error Analysis

4.1. Setup and Scope

We followed a semi-automatic pipeline in the
annotations: UDPipe 2.0 (Straka, 2018) pro-

duced pseudo-annotations for tokenization5, part-
of-speech tags, lemmas, morphological features,
and dependency relations, then we manually re-
vised all layers. After that, we conducted an er-
ror analysis on the pseudo-annotations and their
manual corrections. Nearly half of the sentences
contained tokenization or segmentation errors and
required correction before manual annotation. To
assess labeling errors accurately, we computed
confusion statistics only for sentences with identi-
cal token alignments in the pseudo- and gold an-
notations. Hence, the audit was run on a subset
of the corpus: 1,742 sentences in total, with 1,247
(71.6%) matching between the pseudo annotations
and the manual corrections, of which a total of
1,026 (82.3%) sentences were corrected. Table
5 shows universal part-of-speech (UPOS) and de-
pendency relation correction amounts in each tree-
bank category.

4.2. Confusion Matrices
Figure 3 visualizes the most frequent off-diagonal
confusions (rows: UDPipe pseudo; columns: gold)
in dependency and POS annotations. Diagonals
are suppressed to highlight errors.

Dependency Relations. The high frequency of
both obl –> obj and nsubj –> obj corrections
points to a systematic failure in the model’s valency
prediction. Although the parsing model that made
the pseudo-annotations was fine-tuned on a small
set of Ottoman Turkish data in addition to Modern
Turkish, this training data was evidently insufficient
for the parser to learn the argument structures of
the diverse, low-frequency verbs in the historical
lexicon. In Turkish, indefinite direct objects appear
in the bare (nominative) case, making them formally
indistinguishable from subjects (nsubj) or certain
obliques (obl). Lacking robust lexical statistics for
these verbs, the parser defaulted to one of these
incorrect labels, necessitating the extensive manual
corrections observed in the data.

A second set of systematic errors reveals a core
difficulty in processing the complex ’clausality’ of
Ottoman Turkish, which relies heavily on nominal-
ized constructions. This is visible in the significant
corrections from various modifier and object roles
to the subject role, specifically obj → nsubj (60),
amod → nsubj (56), and nmod:poss → nsubj
(68). This indicates a failure to identify the sub-
jects of embedded clauses; the parser defaults
to treating them as simple nominal dependents
(nmod:poss, amod). As noted in the UPOS analy-
sis below, this dependency error often stems from

5We used UDPipe only for the tokenization of Latin-
scripted sentences. Tokenization of the original Perso-
Arabic-scripted sentences was done entirely manually.



6936

(a) Dependency-relation confusions (Top 10). (b) UPOS tag confusions (Top 5).

Figure 3: Confusion matrices comparing UDPipe pseudo-annotations to OTA-BOUN gold annotations on
sentences with matching token counts.

the parser’s initial misclassification of the nominal-
ized verb predicate.

A third major pattern, the nmod:poss → amod
correction (67), reveals a systematic failure in pars-
ing borrowed Persian izāfa constructions6. In Mod-
ern Turkish, the parser relies on morphological cues
(possessive suffixes) to distinguish nmod:poss
from amod. This cue is absent in the structurally am-
biguous Persian izāfa (e.g., hukuk-ı milliye, which
can mean ’national law’ (amod) or ’the nation’s law’
(nmod:poss)). This ambiguity is critically com-
pounded by a morphosyntactic clash: Turkish case
and possessive suffixes attach to the end of the
head-initial izāfa phrase (e.g., hukuk-ı milliye-**si**),
which is the dependent, not the head. As will be de-
tailed in the UPOS analysis, the parser frequently
misclassifies the adjectival dependent (e.g., milliye)
as a NOUN. This combination—a NOUN followed by
what appears to be another NOUN that takes all the
Turkish head-marking suffixes—leads the parser to
incorrectly default to the head-final Turkish nominal
compound structure (nmod:poss), necessitating
these 67 corrections to amod.

UPOS Tags. The most frequent UPOS error is
NOUN→PROPN (330 instances), reflecting a well-
known lexical coverage (OOV) issue in historical
NLP rather than a grammatical failure. Research
on other historical languages, such as Scherrer and
Erjavec (2013) for historical Slovene, has shown
that a large portion of a historical text’s vocabulary—
over 20% in their study—is absent from modern
dictionaries. This OOV rate stems from the prolifer-

6This construction connects a noun to a following
noun or adjective, typically via a vowel suffix (e.g., -ı/-i),
to form a complete nominal or adjectival phrase.

ation of historical proper nouns—personal, place,
and organizational names—that have fallen out of
use. Our 330 NOUN→PROPN corrections reflect
this: the pseudo-annotation model, lacking a lexi-
con of late-Ottoman proper nouns, defaults to tag-
ging unknown entities as NOUNs. While this lexical
gap increased annotation workload, it differs fun-
damentally from systematic structural errors. The
following analysis therefore focuses on errors (e.g.,
NOUN→ADJ, NOUN→VERB) revealing the parser’s
core difficulties with Ottoman Turkish syntax, par-
ticularly clausal and adjectival constructions.

A significant UPOS error is the 89 instances
of NOUN → VERB corrections. This is not a sim-
ple tagging ambiguity; it is the source of the
’clausality’ errors discussed in the dependency
analysis. This error occurs when the parser
misidentifies a deverbal nominalization or partici-
ple—which functions as the predicate (VERB) of
an embedded clause—as a simple NOUN. Once
mislabeled, the predicate can no longer, by UD
conventions, govern its own subject (nsubj), caus-
ing a chain of dependency-level corrections (e.g.,
nmod:poss→nsubj, obj→nsubj) noted.

The most significant confusion among nominal
categories is the 291 instances of NOUN → ADJ cor-
rections. This is not a random lexical error; it is
a primary driver of the dependency-level failures
in parsing Persian izāfa constructions, as noted in
the analysis of the nmod:poss → amod error. Be-
cause the parser’s lexicon lacks many borrowed
Arabic and Persian adjectives (e.g., milliye), it de-
faults to tagging them as NOUNs. Once this fun-
damental POS error is made, the parser is faced
with an ambiguous NOUN-ı NOUN structure. When
Turkish suffixes are then added to this final, mis-
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classified word (e.g., hukuk-ı milliye-si), the parser
incorrectly interprets this suffix-bearing "noun" (mil-
liye) as the head of the phrase. This single POS
failure thus directly triggers the dependency error,
forcing the incorrect nmod:poss relation.

5. Conclusion and Future Work

This study presented OTA-BOUN v2.0, a compre-
hensive and manually verified resource for the com-
putational study of historical Turkish. By combining
pseudo-annotation with careful manual verification,
and providing dual-script representations in both
Perso-Arabic and Latinized forms, the treebank fa-
cilitates research in script conversion, cross-lingual
transfer, and diachronic language analysis. With its
scale, quality, and unique design, OTA-BOUN v2.0
not only advances the study of late Ottoman texts
but also serves as a valuable asset for multilingual
and historical NLP research, opening the way for
future developments in these areas.

In the current release, morphological features
were generated automatically. While useful as a
baseline, they do not fully capture Ottoman Turk-
ish morphosyntactic properties. Future work could
add a dedicated annotation layer to represent its
rich inflectional and derivational patterns, including
Arabic and Persian loanwords. Automatic methods
can bootstrap this process, but manual refinement
is needed for reliable quality, enabling finer linguis-
tic analysis, cross-linguistic comparison, and more
accurate downstream NLP applications.
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