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Abstract

We present the Named Entity Recognition sys-
tem developed by the Edit_Dunhuang team for
the EvaHan2025 competition. Our approach in-
tegrates three core components: (1) Pindola,
a modern transformer-based bidirectional en-
coder pretrained on a large corpus of Classi-
cal Chinese texts; (2) a retrieval module that
fetches relevant external context for each target
sequence; and (3) a generative reasoning step
that summarizes retrieved context in Classical
Chinese for more robust entity disambiguation.
Using this approach, we achieve an average F1
score of 85.58, improving upon the competition
baseline by nearly 5 points.

1 Introduction

The EvaHan2025 competition aimed to evaluate
the state-of-the-art in Named Entity Recognition
(NER) for Classical Chinese texts. The evalua-
tion was conducted using three distinct datasets,
each containing different types of entities. Dataset
A comprised texts from the Shiji, the historical
records composed by Sima Qian during the late
2nd and early 1st centuries BCE. This dataset in-
cluded annotations for six entity types: person
names, geographical locations, book titles, official
titles, country names, and temporal expressions.
Dataset B featured more diverse excerpts drawn
from the Twenty-Four Histories, the official dynas-
tic histories of China, but contained annotations for
only three entity types: person names, geographi-
cal locations, and temporal expressions. Dataset C
differed significantly from the other datasets, con-
sisting exclusively of medicinal texts annotated for
six specialized entities: disease names, syndromes,
medicinal formulas, decoction pieces, symptoms
and acupuncture points.

Our participation in the competition is part of the
Read_Chinese (BnF-Datalab) and Edit_Dunhuang
(Biblissima+) projects, which aim to produce
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digital facsimile of the Chinese documents in
the Pelliot collection of the Bibliothéque na-
tionale de France and the Stein collection of
the British Library. Both collections consist
of documents—primarily manuscripts on pa-
per—discovered in the early 20th century in Dun-
huang (Gansu province) in northwest China. These
documents provide crucial insights into the history
of medieval China as well as the transmission of
ideas before the adoption of woodblock printing.
As part of these projects, we intend not only to
transcribe the text of the manuscripts but also to
convert the OCR output into a structured and richly
annotated text.

Our strategy was built on three core ideas. First,
we developed Pindola, a modern transformer-
based bidirectional encoder pretrained on a large
corpus of Classical Chinese texts. Pindola in-
corporates key enhancements that significantly im-
prove the quality of learned representations. Sec-
ond, recognizing that target sentences are not iso-
lated fragments but parts of a broader, intercon-
nected context, we enriched our input sequences
with external contextual information to support
more accurate annotations. Finally, we employed a
reasoning generative model to refine and summa-
rize this context, thereby improving the model’s
capacity for precise entity recognition.

2 Related Work

Integrating external context has emerged as a pow-
erful approach to mitigate hallucinations and en-
hance factual accuracy in generative large lan-
guage models (LLMs). A prominent example is
Retrieval-Augmented Generation (RAG), which
supplies models with relevant external context as
raw text. RAG has achieved state-of-the-art re-
sults on various open-domain question-answering
benchmarks, outperforming both standalone gener-
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ative models and specialized retrieval-and-reading
pipelines (Lewis et al., 2020). Another promising
strategy leverages structured data, notably knowl-
edge graphs. This approach has been effective in
improving entity recognition accuracy within tra-
ditional Chinese texts (Duan et al., 2025). How-
ever, generative LLMs still face significant chal-
lenges in Named Entity Recognition (NER), par-
ticularly in specialized domains such as historical
texts (De Toni et al., 2022), and show a tendency
to distort input sequences (Li et al., 2024).

Traditional bidirectional encoder-based NER
systems typically analyze sentences independently,
often overlooking their broader contextual relation-
ships. Recent studies, however, have demonstrated
that integrating relevant external context can sub-
stantially improve the performance of these models.
For instance, Wang et al. (2021) showed that incor-
porating context led to an improvement exceeding
2 points over the same model without context on
the WNUT-17 dataset (Derczynski et al., 2017), a
benchmark designed specifically for recognizing
unusual or emerging entities.

Several transformer-based bidirectional en-
coders have been developed for Classical Chinese,
notably the GujiBERT family (Wang et al., 2023),
whose use was mandatory in the competition’s
closed modality and served to establish the com-
petition baseline. However, due to computational
constraints, these models were adapted from ar-
chitectures originally trained for modern Chinese.
Consequently, their architectures and performance
levels are limited by design decisions made nearly
a decade ago. Recent studies indicate that tar-
geted architectural refinements significantly im-
prove learned representations (Warner et al., 2024),
especially in low-resource scenarios (Samuel et al.,
2023). Moreover, novel optimization methods,
such as FlashAttention (Dao et al., 2022), have
reduced the cost of training new language models
from scratch.

3 System
3.1 Model

Our model, named Pindola after a disciple of the
Buddha who was once admonished for misusing his
powers to impress simple people, is a transformer-
based bidirectional model. Pindola incorporates
several state-of-the-art innovations: it uses FlashAt-
tention v2 (Dao et al., 2022) for efficient attention
computation, a SentencePiece tokenizer (Kudo and
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Richardson, 2018) with a vocabulary of 65,536
tokens, SwiGLU activation (Shazeer, 2020) and
AliBias positional encoding (Press et al., 2022) to
handle long input sequences of up to 2048 tokens'.
Two variants were developed:

* Pindola_small: 12 layers with approxi-
mately 135 million parameters.

* Pindola_large: 28 layers with approxi-
mately 360 million parameters.

For the competition, we fine-tuned two special-
ized variants derived from Pindola:

* Pindola.retrieval: This variant of
Pindola_small was independently fine-
tuned using contrastive self-supervised learn-
ing to embed both the target and contextual
sentences.

* Pindola_NER: Built upon
Pindola_large, this model is equiped
with a token classification head featuring two
layers of bidirectional long short-term mem-
ory (Bi-LSTM) followed by a conditional
random field (CRF) layer.

3.2 NER Data

Dataset A Dataset B Dataset C

Train 324 3,130 272
Test 37 791 67
Total 361 3,921 339

Table 1: Competition datasets segmented into sequences
< 510 tokens.

As shown in Table 1, segmenting the datasets
into sequences of 510 tokens or fewer reveals that
their overall volume is relatively limited. Notably,
Dataset B contains a higher number of sequences
due to its inherently shorter segments. This limited
data volume is generally considered insufficient for
fine-tuning a deep model like Pindola_large
(Mao et al., 2022).

To address this limitation, we compiled an ad-
ditional pretraining dataset by aggregating vari-
ous publicly available online resources. We stan-
dardized the annotations in this dataset using the
scheme adopted for competition Dataset B. By
merging these external resources with the com-
petition datasets, we created a combined dataset

'A comprehensive description of the model architecture

and training methodology will be provided in an upcoming
publication.



of 12,007 annotated sequences. Although the
original sources employed different annotation
guidelines—resulting in a somewhat heterogeneous
dataset—we plan to further refine and publicly re-
lease this resource to support future research on
Classical Chinese NER.

3.3 Contextual Data

To generate contextual information, we leveraged
the extensive corpus used to pretrain Pindola.
This corpus consists of approximately 3 billion
characters of carefully curated Classical Chinese
texts. The documents were split into chunks of 510
tokens.

3.4 System pipeline

Our system is organized into three sequential
stages.

Step 1: Context Retrieval. First, we encode all
available contextual sequences into vectors of di-
mension d = 768 using Pindola_retrieval
and store them in a vector database. For a given tar-
get sentence 7', we compute its embedding t € R¢.
We then perform a vector search using the L2 (Eu-
clidean) distance,

d(t,c) = [[t —cl2 =

Z(ti —¢)?,

i=1

to retrieve the top £ = 20 contextual sequences
{C1,C4,...,Cy} that are most similar yet non-
identical to T'.

Step 2: Context Summarization. Next, a rea-
soning model is employed to generate concise
summaries of the retrieved contexts. To avoid
overfitting, for each target sentence in the train-
ing and validation sets, we derive a set of sum-
maries {S1,S2,...,S5}; for the test set, only a
single summary S7 is generated. We employ
OpenAl's 03-mini-2025-01-31 model via its
API, which returns JSON-formatted outputs (see
Appendix A for an example prompt and Appendix
B for sample outputs).

Step 3: Token Classification. Finally,
Pindola NER performs token-level classi-
fication. The target sentence 7' is concatenated
with one of its summarized contexts .S using des-
ignated separation tokens, forming the composite
input:

X =[CLS]T® [SEP] &S @ [SEP]
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Although the entire sequence X is encoded jointly,
only the token representations corresponding to T’
are used for classification. For each token x; in T,
the predicted class is given by

- .0
i = argmax (243 6),

where f(-;0) is the token classification head of
Pindola_NER that maps the token’s representa-
tion to a score over the entity classes, and C is the
set of entity classes.

3.5 Training

Pretraining  Fine-tuning
Input Sequence Length 2048 2048
Batch Size 32 8
Optimizer AdamW AdamW
€ le-6 le-6
Encoder LR le-5 le-5
Head LR le-3 le-3
Encoder Weight Decay le-2 le-2
Head Weight Decay le-2 le-2
Dropout 0.2 0.3
Warmup Steps 500 200

Table 2: Training parameters for Pindola_NER.

Training of Pindola NER was conducted in
two phases: an initial pretraining phase followed
by fine-tuning on each competition dataset. Table 2
summarizes the training parameters used in both
phases.

4 Results

Table 3 summarizes our system’s performance on
the EvaHan2025 datasets as evaluated by the com-
petition organizers. An issue during data prepara-
tion led to suboptimal performance in our initial
submission (Initial Submission). After the com-
petition, we submitted a revised version (Revised
Submission) that incorporated the necessary fixes,
resulting in significant improvements. Specifically,
the overall average F1 score increased to 85.58,
nearly 5 points above the baseline.

5 Ablation study

To assess the contributions of external context and
the pretraining phase, we evaluated the model un-
der three configurations: (1) with external context
during both the pretraining phase and competition
dataset training (as in our Revised Submission, de-
noted as "w/ Context” in Table 4), (2) without ex-
ternal context in either phase (denoted as ’w/o Con-
text”), and (3) with external context applied only



Dataset A Dataset B Dataset C Overall
Prec. Rec. F1 Prec. Rec. F1 Prec. Rec. F1 Prec. Rec. F1
Initial Submission 82.16 78.51 80.29 61.29 71.80 66.13 46.85 59.18 5230 6090 6945 64.90
Revised Submission 87.44 81.51 84.37 8823 89.34 88.78 78.66 88.32 83.21 84.47 86.73 85.58

Baseline 85.90 7750 81.48

87.09 8792 87.50

71.84 7295 7240 8141 79.82 80.61

Table 3: NER results on EvaHan2025 datasets (A, B, C) and Overall as evaluated by the competition organizers.

Best results for each column are underlined.

Dataset A Dataset B Dataset C
w/ Context 83.29 +£1.07 89.10+0.45 82.89+1.45
w/o Context 83.68 +£0.72 88.69+0.18 83.09+0.79
w/o Pretraining 83.60 £ 0.50 88.65+0.48 82.29 £ 0.66

Table 4: Average F1 Scores computed over three runs
(Seeds 42, 123, and 2025). For each dataset, the experi-
ment that achieved the best run is underlined.

during competition dataset training, thereby omit-
ting the pretraining phase (denoted as “w/o Pre-
training”). For each configuration, we conducted
experiments using three different random seeds (42,
123, and 2025). The results are summarized in Ta-
ble 4.

Our evaluation shows that incorporating exter-
nal context generally improves performance across
all three datasets, though it also increases variabil-
ity—evidenced by standard deviations exceeding 1
on Datasets A and C. Notably, only Dataset B ex-
hibits a consistent average improvement when con-
text is added, which may be due to a closer align-
ment between our pretraining dataset and Dataset
B. Furthermore, models trained without the pre-
training phase tend to perform worst, albeit with
only a modest decline. Overall, while these dif-
ferences suggest trends in how each component
affects performance, the high variability warrants
cautious interpretation.

6 Analysis

The ablation study suggests that, in the current
configuration, both external context integration
and pretraining yield only minimal improvements.
This may be because the entities across these
three datasets exhibit little ambiguity—allowing
the model to distinguish them effectively based
solely on the linguistic context of the sentence—or
because the generated context summaries do not
provide sufficient additional information. In any
case, these findings imply that similar performance
could potentially be achieved without the need for
external context or supplementary pretraining data.

As anticipated, our model achieves the high-
est overall performance on Dataset B, which fea-
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tures the simplest labeling scheme and closely
aligns with the pretraining dataset. The low-
est performance is observed on Dataset C, likely
due to the medical texts being underrepresented
in the Pindola pretraining dataset. Nonethe-
less, Dataset C also exhibits the largest improve-
ment over the baseline, which underscores that
Pindola constitutes a significant advancement
over existing models.

7 Conclusion

In this work, we introduced our NER system de-
veloped for the EvaHan2025 competition, which
achieved an overall average F1 score of 85.58, sig-
nificantly surpassing the competition baseline. This
performance highlights the advancements brought
by Pindola, our modern transformer-based bidi-
rectional encoder designed specifically for Classi-
cal Chinese. Interestingly, our experiments suggest
that comparable results may be attainable without
relying on external context or extensive pretraining
on large corpora, thereby simplifying future appli-
cations. These findings open promising avenues
for further research into more efficient yet effective
approaches to NER in low-resource and historical
language settings.

8 Limitations

Due to the constraints of the competition, we were
unable to fully optimize every component of our
system or conduct an exhaustive search for the best
hyperparameters. Consequently, further optimiza-
tion could potentially yield improved performance.
Moreover, the modest benefits observed from incor-
porating external context may be attributed to limi-
tations in our retrieval and summarization modules.
Future work should explore alternative retrieval
strategies and experiment with varying approaches
to context integration—such as using minimal or
even no summarization—to better understand and
enhance the impact of external context.
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A Sample Prompt for Context
Summarization (Dataset A)

(Target sentence and generated context omitted for
brevity)

Developer Instructions

You are an expert in Chinese history and
literature. You provide clear, concise an-
swers in Classical Chinese and can lever-
age additional context to enhance your
explanations.

User Prompt

Read carefully the following text and ex-
tract all clues that can help identify the
following entities in the target sentence:

+ Person name (e.g., i, fR3%)
Geographical location (e.g., &°F,
)

Book title (e.g., 5, 5 %)

Official title (e.g., FAK)
Country name (e.g., &)

Time expression (e.g., — H, N,
T=)

Target Sentence: ...
Context: ...

Provide three distinct explanations of
your findings in Classical Chinese. Out-
put your responses as a JSON array of
objects, with each object containing a
brief textual explanation.”

B Target sentence and generated context

sentence (Dataset A)

Target sentence: [ & i KFHE IR A - 2%
P - FHEESREHAE  BEELEF -
tHF > mERE > BOEE LiFE > =L
H EEEE - JF#E-H: TRFDER
N BEREL - H TR ESE » RTHE
ZJ o SRE - RERF - Jof - FED K
BV o IRICE » HEETE - B AP o

*E o mEA B E TS TE 0 A5
BRERSEE LIRRI & o KBRS o LLEAHE >

DIF e mia 03 » LIZEHHZEHEAT R - 2R
ERZEARS » WEHEEHBD o BN

R - BN - A EEE - S REW

BUKE %% ~ TESF » REGEE - R - 200 B2

128

HEH o R BRSO NEHEILE T » 8%
LFEPY o FREET AL © AREAIEHERENE - 7+
wREE > HAHBEE - \AWT > B EBUE AR
o AR - BEREE > ERZRHEM
ZEER - FFERT K I o FEERS
FEES - W EEEFEEEEH : TEWEER
T EFETH o BEER o WEZE  ZHHHE
BRIVERTE - ZEA > mEHE &
BEEE > B > MR =BT - W -
i~ L TR o BN o DEERR > ERGELTR
E o SEEH > MREKE » REEBERT »
REREFHE -

Context sentence: % H frd » oA EMEZ
o HE IR RE MR 5 A
G T RN - X TEEPEESKL T
ERREEE o XHFHE TEAF) > NE T2
ZH > mERREEA o IERR - A TE
] TOLEE ) BEE - A% ~ BEK -
Lo BEER -

9

~



