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Abstract

Ancient Chinese documents written on bam-
boo slips more than 2000 years ago offer a rich
resource for research in linguistics, paleogra-
phy, and historiography. However, since most
documents are only available in the form of
scans, additional steps of analysis are needed
to turn them into interactive digital editions,
amenable both for manual and computational
exploration. Here, we present a first attempt to
establish a workflow for the annotation of an-
cient bamboo slips. Based on a recently redis-
covered dialogue on warfare, we illustrate how
a digital edition amenable for manual and com-
putational exploration can be created by inte-
grating standards originally designed for cross-
linguistic data collections.

1 Introduction

Most computational approaches on ancient stages
of the Chinese language restrict themselves to the
classical canon of writings that have been handed
down for several thousand years now. These
sources are written in a standardized character sys-
tem called the regular script (1 kdishii). From
the time when it was introduced more than 2000
years ago until now, this system does not seem to
have been modified in any significant form. As
a result, one often thinks of Chinese writing as a
unified endeavor, unlikely to change, and unlikely
to have changed radically throughout most of its
history. When going back deeper in time, how-
ever, this picture changes drastically. Thanks to an
increasing amount of documents written on bam-
boo slips that have been archeologically excavated
in recent times, scholars are now learning more
and more about the immense degree of variation
in writing that was characteristic for China long be-
fore the regular script became adopted as the stan-
dard. In order to understand the history of the Chi-
nese language, it is indispensable to pay attention
to its variety in writing reflected in these sources.
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Most bamboo manuscripts date back to the
period from the mid-late Warring States Period
(Zhanguo B[, late fourth century to early third
century BCE) up to the Han dynasty (Han chdo
JE5H, 206 BCE to 220 CE). They represent a true
wealth of new data and evidence for linguistics,
paleography, philology, and historiography. How-
ever, putting this treasure of knowledge to use in
research bears two major challenges that have not
been sufficiently addressed so far. A first chal-
lenge consists in the analysis of the characters ob-
served in bamboo slips. While these follow the
general building structure of Chinese characters,
allowing us to identify phonetic and semantic com-
ponents that usually also find their counterparts in
the regular script, ancient writing shows a much
greater variation with respect to the combinations
that are possible here (see Figure 1 as an example).
As aresult, it is often impossible to find the modern
counterparts — along with their Unicode values —
of characters observed on bamboo slips. A second
challenge consists in the digital curation of mod-
ern editions of excavated texts. Given that schol-
ars often lack digital training, the vast majority of
editions is restricted to scans accompanied by com-
ments, while a deeper integration of data is lack-
ing.

Taking one particular text — available in two
different bamboo manuscript versions — as exam-
ple, we illustrate how these problems could be ad-
dressed in the future. Using basic concepts from
corpus linguistics, Natural Language Processing,
and computer science, we show how the original
documents can be annotated, how individual char-
acters can be analyzed with respect to their com-
position, and how an entire digital edition can be
constructed, providing scholars interested in man-
ual data exploration with interactive access to the
original documents, while the data in standardized,
machine-readable form to scholars interested in
computational analysis.
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Figure 1: Illustration of variation in bamboo script. The table lists variants of the character ¢i % “breath, energy”,
as it can be found across manuscripts, along with projected conversions of the character structure to the modern

regular script.

2 Materials

The text we use to illustrate our workflow is called
Cdo Mo zhi zhén K Z PR (Cdo Mo's Battle
Formations). 1t is a long-lost Chinese philosoph-
ical dialogue on ethics and warfare between Duke
Zhuang of Lii (Lu Zhuang Gong & #E 2, reign
693-662 BCE) and his general Cao Mo, which
has resurfaced after millennia in the form of two
manuscript copies on bamboo. The Shanghai Mu-
seum manuscript (henceforth SB) was first pub-
lished in print in 2004 in the fourth volume of the
collection (Ma, 2001-2012), while the Anhui Uni-
versity copy (henceforth AD) was first published
in print in 2022 in the second volume of the col-
lection, whose publication is still ongoing (Huang
and Xu, 2019-2022). Though coming from ille-
gal excavations, their authenticity has been proven
through radiocarbon dating of the bamboo slips,
which has confirmed a mid-third century BCE dat-
ing for SB and a late fourth century BCE dating
for AD. SB counts 65 bamboo slips (45 intact and
20 broken, average length 47.4 cm, average width
0.6 cm). The manuscript contains 1778 characters
written in the Chu orthography and carries the title
of the text on the back of slip no.2. On the other
hand, AD counts 46 slips (slips 4 and 5 are entirely
missing, average length 48.2 cm, average width
0.6 cm). The manuscript contains a total of 1623
character entries. Unlike SB, AD lacks a clear ti-
tle indication on its back, but some inscriptions as
well as some oblique lines useful for correct or-
dering of the slips are present on the verso. Both
folia were originally held together by three bind-
ing cords (bianshéng #i#l), secured to the bam-
boo slips through binding notches (gikou 2 ).
The binding cords, however, have been irrepara-
bly lost. A solid study on some codicological as-
pects, such as scribal hands, manuscripts produc-
tion, and use of punctuation as been recently pub-
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lished by Zheng (2024) to whom we redirect the
reader. The high-quality scans of both AD and SB
bamboo slips provided in the the second volume
of the Anhui University manuscripts collection has
served as starting point and preliminary material
for the digital edition.

3 Methods

Our workflow for the digital annotation, curation,
and publication of bamboo script documents con-
sists of four stages. In the first stage, we carry out a
detailed digital annotation of the original data. In
the second stage, we conduct an extensive analy-
sis of the texts by analyzing characters, identifying
words, and glossing sentences semantically. In the
third stage, we model the data according to the for-
mats proposed by the Cross-Linguistic Data For-
mats initiative (CLDF, https://cldf.clld.org, Forkel
et al. 2018). In the fourth stage, finally, we deploy
the data in the form of an interactive CLLD appli-
cation (https://pypi.org/project/clld, Forkel 2014).

3.1 Digital Annotation

In order to allow for a flexible reuse of the analyzed
data, our workflow starts from the digital annota-
tion of the original documents. The core of this
annotation consists in marking individual charac-
ters with boundary boxes and annotating the boxes
in such a way that the characters can be identified
at later stages. For this task, we used Recogito
(https://recogito.pelagios.org/, Barker et al. 2019),
an interactive tool for semantic annotation that
greatly facilitates this task. Other tools could have
been used for this step as well, but we selected
Recogito for its shallow learning curve and its gen-
eral openness. Once finished, Recogito’s bound-
ary boxes can be easily exported to various file
formats and accessed from computer programs, al-
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lowing us to cut individual characters out of the
original scans in order check how much they vary.

3.2 Linguistic Analysis

The linguistic analysis consists in two parts that
may go hand in hand, namely character analysis
and fext analysis. During character analysis, all
characters annotated in the previous step of our
workflow must be analyzed carefully, identifying
their external and internal structure, — where pos-
sible — their modern counterparts, as well as estab-
lishing their pronunciation through different stages
of Chinese (regarding the distinction between ex-
ternal and internal structure, see List et al. 2016,
50). Since the identification of words and the
assignment of readings to the characters attested
on the bamboo slips constitute a comprehensive
philological enterprise open to criticism and de-
bate, each character was first reproduced as faith-
fully as possible using ideographic description se-
quences (for details, see Kordek 2013, 62) and
then — where possible — assigned a counterpart in
standard Chinese characters. The assignment of
the modern counterparts was grounded in the ex-
tant scholarly literature on the Cdo Mo zhi zhen
manuscripts. Aside from the original critical edi-
tions of 2004 and 2022 (Ma, 2001-2012; Huang
and X1, 2019-2022), the editions by Yu and Zhang
(2019) and Stin (2023) proved essential. In addi-
tion, it turned out that a basic understanding of
word families and language-internal cognates in
Old Chinese phonology (compare Pulini and List,
2024) can be of great help during the analysis. This
two-level analysis of character structures — one
stricter and one broader — ensures transparency and
prevents the loss of information during the annota-
tion process. Inidentifying ancient readings for the
characters, we followed the tradition of research on
Old Chinese phonology in providing Middle Chi-
nese readings (a language variety documented in
rhyme books published around the 6th century CE)
in the system of Baxter (1992), and Old Chinese
reconstructions, following the system proposed by
Baxter and Sagart (2014).

During text analysis, both manuscripts are uni-
fied to form one coherent text. Given the status
of the sources, the preference is here given to the
AD version of Cao Mo's Battle Formations, with
apparent gaps being filled in from the SB version.
The analysis starts from the identification of words
(which may consist of two and more characters
at times) and phrases. Once identified, these are
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glossed semantically, using basic techniques for
interlinear morphemic glossing (Lehmann, 2004).
In this stage, we also handle characters that may
be missing entirely from both versions. These are
not only marked specifically but can also be iden-
tified easily, as they have no image data attached
to them. At the end, translations for phrases and
entire passages in English are suggested.

Both character analysis and text analysis are car-
ried out in tabular form, using common spread-
sheet editors. In character analysis, each row in a
table corresponds to a character that is itself linked
to the original scan via the boundary boxes that
were added during digital annotation, with separate
information being placed into different columns
of the table. In text analysis, the basic unit as-
signed to each row is the word, consisting of one
or more characters. Both tasks require a detailed
knowledge of bamboo slips, Chinese paleography,
and Old Chinese etymology, and were therefore
exclusively carried out by the first author of this
study, while the role of the second author con-
sisted in the design of formal tests of annotation
consistency. While this means that tests on inter-
annotator agreement (McDonald et al., 2019) are
lacking, we hope to improve the data in the future
through comments by our colleagues.

3.3 CLDF Integration

The CLDF specification has been developed for
various forms of cross-linguistic data, including
wordlists, dictionaries, and feature collections.
More recently, CLDF has been extended to inte-
grate corpus data, offering additional functional-
ity to handle interlinear-glossed texts (List et al.,
2021). While CLDF has not been specifically
designed to handle Chinese text collections, the
format offers many advantages about alternative
data formats. First, data provided in CLDF can
be easily queried computationally, using the ded-
icated PyCLDF Python package (Forkel et al.,
2025), as well as SQLite (https://sqlite.org, see
Shcherbakova and List 2023 for an example query-
ing lexical data in CLDF, and Blum et al. 2024 for
an example queryin corpus data). Second, data
available in CLDF can be easily imported into
CLLD applications (https://clld.org, Forkel, 2014),
thus offering facilitated ways to deploy data collec-
tions to the web where they can be conveniently in-
spected by interested users (see § 3.4 for details).
With our main data available in tabular form,
it is straightforward to convert the data to CLDF,


https://en.wikipedia.org/wiki/Ideographic_Description_Characters
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Analysis DO
Character #& PN & # N §%
Pinyin U zhuang gong jiang weli da zhong
Middle Chinese [uX tsrjang-kuwng tsjang hjwe dajH tsyowng
Old Chinese r.n‘a? tsran-C.qon tsan GW¥(r)aj Ifat-s ton
Gloss Lu.(place.name) duke.Zhuang.(personal.name) aspect.marker do big bell

Duke Zhuang of Lu was in the process of having a massive bell cast.

Figure 2: Interlinear-glossing example from the web application of the digital edition.

since the CLDF format specification itself is
mostly based on tabular data. In CLDF, our data
is modeled as a generic dataset, consisting of a
language table (linking only to one language, Old
Chinese), an entry table that stores the words in
the text, and an example table consisting of the
individual phrases in interlinear-glossed form (fol-
lowing the Leipzig Glossing Rules, see Comrie
et al. 2015), where Middle Chinese and Old Chi-
nese reading are offered as additional glossing
layers. An additional table is used to store in-
dividual characters linked to their location in the
scans of the original two editions. The CLDF con-
version was carried out with the help of CLDF-
Bench (https://pypi.org/project/cldfbench, Forkel
and List 2020, a tool that facilitates the conver-
sion to Cross-Linguistic Data Formats. Additional
data handling was conducted with the help of the
SinoPy package (https://pypi.org/project/sinopy,
List 2019).

3.4 Deployment with CLLD

The clld toolkit (Forkel, 2014) is a Python library
that facilitates the deployment of data provided in
the form of Cross-Linguistic Data Formats by pro-
viding researchers with an interactive web frame-
work that can be interactively explored. The clld
application that we created on top of the CLDF
data provides the digital edition of the Cdo Mo
zhi zhen in the form of an integrated web applica-
tion in which original characters can be explored in
a unique way that integrates the graphemic, pho-
netic, and semantic analysis underlying the edi-
tion.
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4 Examples

With the data assembled both in the form of CLDF
and an interactive web application, our digital edi-
tion of the Cao Mo zhi zheén allows for both com-
putational and manual exploration. Since we pro-
vide the data in the form of interlinear-glossed text,
standard approaches from corpus linguistics can be
used to query the data in order to investigate the
text. Asa first example, Table 1 shows the ten most
frequently recurring words in the source. As canbe
seen, we do not only find grammatical markers in
this list, but also words like yue Fl “say” that point
to the fact that the text is written as a dialogue, and
zhan B “war”, pointing to the major topic of the
text. While the source itself is limited, this exam-
ple shows the potential for extended computational
analysis once more annotated texts become avail-
able.

C G OCH OCC
Z conjunction to 76
= say G"at 57
D negative adv. po 56
&  have G"a? 52
A preposition 1a? 40
1] conjunction no 30
7 preposition ?"a 29
H poss. pron. go 27
B war tar-s 27
#E  duke Zhuang tsran C.q'on 22

Table 1: Most frequent words and particles in the Cao
Mo zhi zhen. C refers to the character (in standardized
form), G refers to the gloss (abbreviated for reasons
of visibility), OCH refers to Old Chinese readings, and
OCC provides information on occurrences in the text.


https://pypi.org/rpoject/cldfbench
https://pypi.org/project/sinopy

ID 4  Word Form Middle Chinese
word-4-1 A hjwe
word-4-10 - hjwe
word-4-11 A hjwe
word-4-12 A hjwe

Old Chinese Original Characters Phrase ID
G¥(r)aj l 1

e%(r)aj . 151

G¥(r)aj . 165

GW(r)aj g 174

Figure 3: Comparing individual occurrences of words in the digital edition. The table provides the first 6 out of a
total of 16 entries in the digital edition for /% wéi “do, act” MCH hjwe, allowing scholars to inspect differences in

the writing of the word inside and across editions.

Figure 2 gives a direct example of one
interlinear-glossed phrase in the web application,
showcasing how the original images are integrated
with the two-level analysis of the Chinese char-
acters, the readings in Middle Chinese and Old
Chinese, and the semantic glosses. The example
also shows how we handle those cases in which
the internal character structure that we observe in
bamboo slips cannot be matched with a counter-
part in modern kdishi writing. Since the compo-
nents of Chinese characters are usually limited and
can be easily detected, we use ideographic descrip-
tion sequences — a system that allows to system-
atically analyze characters into their components
(Skala, 2015) — to display the way in which the in-
dividual components are arranged. Thus, the se-
name zhudng }t, refers to a character consisting of
giang A%, “to kill” with the character radical kou [
“mouth” inside.

An additional web view is shown in Figure 3,
allowing users to compare individual variants of
the same word or character, thus offering direct
and convenient ways to assess the variation in writ-
ing. In addition, the example not only illustrates
how the image annotations are directly integrated
with the web application, but also shows how the
different backgrounds going back to the original
publications of the scans, allow us quickly to see
to which of the two sources (AD and SB) the text
parts belong, with AD being based on colored im-
ages, while SB is given in gray scale.

All in all, we hope that these examples illus-
trate the advantage of integrated web applications
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in which data are stored separately, providing ac-
cess to computers and humans at the same time.
Complex web applications often deliberately keep
users proficient in computing from accessing the
resources with the help of software tools. Re-
sources that focus on providing data exclusively
for computational analyses, on the other hand, of-
ten underestimate the important role that direct in-
spection can play in spotting potential errors in an-
notations.

5 Conclusion and Outlook

With this study, we have presented a digital edi-
tion of an ancient text on warfare in China that can
be accessed both computationally and manually.
While computational approaches to bamboo script
are still meeting a large number of obstacles, we
think that our example application could offer a so-
lution for future studies, by increasing the amount
of digitally annotated data that could be used in
several kinds of computational studies. Thus, us-
ing the annotated images with the associated char-
acter structures, one could develop initial models
to test the limits of current tools for hand-written
text recognition (Kahle et al., 2017). Using tools
from corpus linguistics, one could analyze the text
in various ways (Hunston, 2022), using it also as
the basis for the creation of corpus-based dictionar-
ies (Bowker, 2010). Finally, by providing textual
data along with reconstructed pronunciations, such
data collections as the one shown here can help to
improve and consolidate our knowledge about the
ancient pronunciation of Chinese throughout dif-
ferent times and places.



Supplementary Material

All data and code necessary to replicate the
study presented here are freely available for
download. The code for the curation of the data is
hosted with Codeberg (https://codeberg.org/cldf-
datasets/caomozhizhen) and archived with Zenodo
(https://doi.org/10.5281/zenodo.15039078,  Ver-
sion 1.0). The application is available online
(https://cmzz.digling.org), and the code underly-
ing the application is also hosted with Codeberg
(https://codeberg.org/digling/cmzz).
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Limitations

The workflow we propose is still preliminary.
While the extension of Cdo Mo zhi zhen allows
for manual transcription and annotation of the data,
additional challenges may arise when dealing with
longer texts. Moreover, methods for further inte-
grating the critical apparatus into the edition will
need to be developed in the future. There are also
some concrete points that we hope to improve in
the current annotation in the nearer future. Among
these are a much more detailed check of glosses
and translations, as well as a direct reference to the
sources that were employed in the analysis of each
individual character and word.

However, the edition we propose serves as a
proof of concept and a model for the further de-
velopment of digital critical editions of early Chi-
nese manuscripts. We thus hope that despite its
preliminary status, our work may prove useful for
colleagues working on similar research questions
and open a broader discussion on the need for con-
sistent annotation and digitalization workflows for
data on ancient historical languages.
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