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Abstract

Recent advances in multimodal retrieval have
improved the ability to retrieve information
from visually rich documents such as PDFs and
reports. However, existing benchmarks remain
largely centered on English and provide limited
coverage of Korean visual documents with com-
plex structures. Furthermore, most existing Ko-
rean resources primarily evaluate single-page
retrieval, failing to capture realistic scenarios
that require evidence aggregation across multi-
ple pages. To address these gaps, we introduce
KoViDoRe, a benchmark for Korean visual
document retrieval. The dataset is constructed
from publicly available Korean documents with
diverse layouts, including tables, figures, and
multi-column structures. We develop a multi-
stage data curation pipeline consisting of struc-
tured document parsing, synthetic query gener-
ation using both summary-based and context-
based strategies, and relevance mapping with
human verification. Using KoViDoRe, we eval-
uate a wide range of multimodal retrieval mod-
els and observe that current models struggle to
effectively handle Korean visual document re-
trieval, particularly in settings involving struc-
tured content and diverse query types. Moti-
vated by this finding, we further curate a large-
scale training dataset, Ko-VDR Train Public,
to support the development of retrieval models
tailored to Korean visual documents. Together,
KoViDoRe and Ko-VDR Train Public provide
a unified benchmark and training resource for
Korean visual document retrieval.

1 Introduction

Recent advances in multimodal large language
models and retrieval-augmented generation (RAG)
have significantly improved the ability to retrieve
and reason over complex documents (Abootorabi
et al., 2025; Song et al., 2025; Yu et al., 2024). In
particular, a growing line of work on visual doc-
ument retrieval (VDR) and multimodal retrieval
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Figure 1: Examples of queries in KoViDoRe and their
corresponding relevant pages. Each query requires ag-
gregating evidence from pages and diverse modalities,
including text, tables, figures, and infographics.
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models, including approaches such as ColPali
(Faysse et al., 2024), has demonstrated strong per-
formance in retrieving document pages by jointly
modeling textual, visual, and layout information.
These developments have enabled systems to move
beyond text-only retrieval and better handle struc-
tured documents such as PDFs, reports, and forms
(Yan et al., 2026). To support this progress, recent
benchmarks have adopted large-scale synthetic data
generation pipelines, exemplified by frameworks
such as ViDoRe (Macé et al., 2025; Loison et al.,
2026), enabling scalable evaluation of multimodal
retrieval systems. In parallel, efforts such as Jina-
VDR (Giinther et al., 2025), MIRACL-VISION
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(Osmulski et al., 2025) and SDS KoPub VDR (Lee
et al., 2025) have extended this paradigm to non-
English settings, providing valuable resources for
Korean document retrieval and highlighting the im-
portance of multilingual evaluation.

Despite these advances, existing benchmarks
largely formulate VDR as a single-page retrieval
task, where each page is treated as an indepen-
dent unit (Wasserman et al., 2025; Wang et al.,
2025). While this formulation simplifies evalua-
tion, it does not accurately reflect how information
is organized in real-world documents. In practical
scenarios such as financial reports, policy docu-
ments, and technical manuals, relevant information
is often distributed across multiple pages, requiring
systems to aggregate evidence and perform rea-
soning over a set of pages rather than retrieving a
single relevant page (Cho et al., 2024). Although
prior datasets may include queries that involve rea-
soning, such reasoning is typically confined to a
single page or limited contextual scopes (Dong
et al., 2025). Addressing this limitation requires a
shift from single-page retrieval to multi-page evi-
dence aggregation, where retrieval systems must
identify a coherent set of pages that collectively
fulfill the information need.

In this work, we introduce KoViDoRe, a bench-
mark for Korean visual document retrieval that ex-
plicitly models this setting. Building upon prior
synthetic data generation approaches, we construct
a dataset of realistic enterprise-style documents
and generate queries that require retrieving and
synthesizing information distributed across multi-
ple pages to provide a complete answer. Unlike
existing benchmarks that primarily focus on single-
page retrieval with extractive queries, we formulate
the task to address multi-page relevance. In this set-
ting, a single query often corresponds to multiple
supporting pages, requiring models to identify the
full set of pages whose combined content is nec-
essary to satisfy the information need. To enable
scalable construction of such queries, we adopt and
adapt synthetic query generation techniques to the
Korean document domain. Our pipeline leverages
large language models to generate queries with
diverse reasoning patterns, including multi-hop in-
ference, numerical comparison, and cross-sectional
aggregation, while maintaining explicit mappings
between queries and their supporting pages. Rather
than introducing a fundamentally new generation
method, our focus is on restructuring the task and
dataset to better reflect realistic retrieval scenarios,
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particularly in non-English and enterprise contexts.

In addition, we release Ko-VDR Train Public,
a large-scale training dataset aligned with the pro-
posed task, providing a foundation for developing
and evaluating retrieval models in Korean multi-
modal settings. Through extensive experiments, we
show that existing multimodal retrieval approaches
struggle significantly under this formulation, espe-
cially as the number of required supporting pages
increases. These results highlight the limitations
of current single-page retrieval paradigms and un-
derscore the need for models that can effectively
aggregate over evidence distributed across multiple
pages. Our contributions are as follows:

¢ We introduce KoViDoRe, a Korean-focused
benchmark designed to evaluate multi-page
retrieval performance in realistic document
settings.

* We adapt synthetic query generation tech-
niques to construct realistic queries with ex-
plicit page-level supervision.

* We release Ko-VDR Train Public, a large-
scale dataset supporting training in Korean
multimodal retrieval.

* We show that existing retrieval models strug-
gle to retrieve evidence distributed across mul-
tiple pages on Korean visual documents, high-
lighting a gap not captured by existing bench-
marks.

2 Related Work
2.1

Recent advances in multimodal retrieval models
have significantly improved the ability to retrieve
information from visually rich documents (Giinther
etal., 2025; Ma et al., 2024; Li et al., 2026; Moreira
et al., 2026). In particular, models such as ColPali
and related late-interaction architectures represent
each document page as a unified retrieval unit, en-
coding the textual content, visual features, and lay-
out structure contained within the page (Faysse
et al., 2024; Xiao et al., 2025). This allows retrieval
models to capture not only semantic information
from text, but also spatial and visual cues, lead-
ing to more effective retrieval over visually rich
documents. These approaches have demonstrated
strong performance across a variety of document
understanding tasks, especially in settings where
visual structure plays a critical role. In addition to

Multimodal Retrieval Models



late-interaction models, dual-encoder and dense re-
trieval approaches have also been extended to mul-
timodal settings, often leveraging vision-language
models to capture both textual and visual semantics
(Ma et al., 2024; Nomic Team, 2025). These devel-
opments have contributed to substantial progress
in retrieving relevant content from structured docu-
ments such as PDFs, forms, and reports.

However, despite these modeling advances, the
datasets used to train and evaluate such models are
largely concentrated on English and European lan-
guages (Yu et al., 2024; Giinther et al., 2025; Loi-
son et al., 2026; Peng et al., 2025; Wasserman et al.,
2025; Shorten et al., 2026). As a result, the perfor-
mance and behavior of multimodal retrieval mod-
els on other languages, including Korean, remain
underexplored. This is particularly important in
document retrieval settings, where linguistic char-
acteristics such as morphology, spacing variation,
and domain-specific expressions interact with vi-
sual structure and layout. The lack of dedicated
Korean benchmarks limits the ability to assess and
develop retrieval models for realistic Korean docu-
ment scenarios.

2.2 Vision Document Retrieval Benchmarks

Recent benchmarks for visual document retrieval
and document-centric multimodal retrieval, such
as ViDoRe (Macé et al., 2025; Loison et al., 2026),
Jina-VDR (Giinther et al., 2025), REAL-MM-RAG
(Wasserman et al., 2025), UniDoc-Bench (Peng
et al., 2025), MIRACL-VISION (Osmulski et al.,
2025), and IRPAPERS (Shorten et al., 2026) have
significantly expanded evaluation settings by in-
corporating visually rich documents, multimodal
signals, and realistic query formulations. Many of
these benchmarks also support multilingual evalua-
tion. However, their language coverage is largely
centered on English and European languages, leav-
ing Korean relatively underrepresented despite its
distinct linguistic and document characteristics.
Jina-VDR, for example, includes a Korean sub-
set and broadens the diversity of visual documents
and query types. However, its document collections
are constructed to cover a wide range of modalities
and scenarios, which can make them less represen-
tative of real-world Korean document retrieval set-
tings, such as structured public documents, reports,
or enterprise-style materials. Similarly, MIRACL-
VISION provides multilingual evaluation with Ko-
rean queries and documents, but its corpus is pri-
marily derived from Wikipedia, which differs sub-
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stantially from the types of structured and visually
complex documents commonly encountered in real-
world Korean retrieval scenarios. This discrepancy
limits its ability to fully capture the challenges of
practical document retrieval in Korean contexts.
SDS KoPub VDR (Lee et al., 2025) addresses this
gap by introducing a large-scale benchmark for
Korean visual document retrieval. It provides an
important step toward evaluating retrieval models
on Korean documents with complex layouts and
diverse structures. Nevertheless, its query formu-
lation remains strictly focused on single-page re-
trieval, where each query is mapped to only one
relevant page, rather than addressing information
distributed across multiple pages.

In contrast, KoViDoRe is designed to emphasize
more complex information needs that cannot be
satisfied by a single page alone. Our queries re-
quire aggregating evidence across multiple pages
and capturing relationships between distributed
pieces of information. By focusing on Korean doc-
uments while introducing queries with higher rea-
soning complexity and more realistic document dis-
tributions, KoViDoRe complements existing bench-
marks and provides a more challenging evaluation
setting for Korean visual document retrieval.

3 Dataset Curation

As illustrated in Figure 2, our dataset curation
pipeline consists of document collection, structured
parsing, query generation, and relevance mapping.
The overall pipeline design is inspired by ViDoRe
V3 (Loison et al., 2026), and is adapted to bet-
ter reflect the characteristics of Korean document
ecosystems and real-world data sources.

3.1 Source Collection

To construct a realistic benchmark for Korean vi-
sual document retrieval, we collect document cor-
pora from publicly available sources, including gov-
ernment reports, policy documents, and enterprise-
style materials obtained from the Korean public
data portal' and official institutional websites. We
prioritize documents that are freely available un-
der the Korea Open Government License (KOGL)
Type 1 and 2, as well as materials without restric-
tive licensing conditions. This ensures that the col-
lected data can be used for research and down-
stream applications without legal constraints. Fol-
lowing SDS KoPub VDR (Lee et al., 2025), which

"https://www.data.go kr
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Figure 2: Overview of the KoViDoRe data generation pipeline. Queries are generated through both summary-based
and context-based strategies. Summary representations capture global document relationships, while context-based
generation focuses on local content. The pipeline further includes filtering and manual verification to ensure query

quality and reliable relevance mapping.

also leverages publicly accessible Korean docu-
ments, we focus on authentic document sources
rather than synthetic or simplified formats. This al-
lows the benchmark to reflect real-world document
characteristics, including complex layouts, tables,
figures, and multi-column structures.

3.2 Document Processing and Parsing

We first split each PDF document into individual
pages and perform processing at the page level.
This allows us to treat each page as a fundamental
unit while preserving the document structure. To
extract structured representations from each page,
we employ the Upstage Document Parse?, which is
effective for parsing structurally complex Korean
documents while preserving layout-aware informa-
tion. For every page, textual content and visual
elements are identified and organized into semanti-
cally meaningful sections. Specifically, the parser
provides both page-level markdown and element-
level markdown for each page. The page-level
markdown offers a unified view of the entire page
content, while the element-level markdown decom-
poses the page into fine-grained components such

2document-parse-251217
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as text blocks, tables, figures, charts, and diagrams.
In addition to structural extraction, the document
parser provides captions for visual elements such
as figures, charts, and diagrams. These captions
offer semantic descriptions of visual content, en-
abling better understanding of non-textual informa-
tion during downstream processing. By combining
page-level and element-level markdown with cap-
tioned visual elements, our preprocessing pipeline
preserves document-level structure while enabling
fine-grained and semantically enriched access to
page content.

3.3 Query Generation

To construct a diverse and scalable set of queries,
we adopt a synthetic query generation pipeline
based on reasoning-oriented language model, Solar-
Pro3?, which supports strong Korean language un-
derstanding and is well-suited for generating com-
plex Korean queries that reflect multiple informa-
tion needs. The model generates queries by condi-
tioning on document content, including both textual
and visual information extracted during preprocess-
ing.

3solar-pro3-260126



Summary-based Query Generation Before
query generation, we first construct intermediate
summaries to better expose document structure and
cross-page relationships. Specifically, we generate
two types of summaries. The first type consists of
single-section summaries that describe individual
sections. The second type consists of cross-section
summaries, which are constructed by randomly
sampling multiple single-section summaries (e.g.,
3, 5, or 7 sections) and synthesizing them to cap-
ture cross-sectional relationships. These summaries
provide a higher-level abstraction of document con-
tent, allowing the generation process to capture
relationships that are not easily observable from
isolated pages. Queries generated from summaries
therefore tend to reflect more global information
needs and often require reasoning across multiple
sections or pages.

Context-based Query Generation In addition
to summary-based generation, we also generate
queries directly from local document context. In
this setting, the model is prompted using page-level
or local multi-page context windows, enabling it to
produce queries grounded in nearby content. This
complementary route helps capture more localized
information needs and preserves natural query pat-
terns tied to specific document regions. Combining
both summary-based and context-based queries al-
lows the dataset to cover a broader spectrum of
retrieval scenarios.

Diversity Control To promote diversity, we
adopt the query formulation scheme introduced
in ViDoRe V3 (Loison et al., 2026). Specifically,
we control the query format and type during gen-
eration, enabling the construction of a diverse set
of queries with different structural patterns and
information needs. As a result, the dataset in-
cludes various query types such as multi-hop rea-
soning, numerical comparison, and aggregation-
based queries, where a single query may exhibit
multiple types simultaneously. The full set of query
types and formats, along with their definitions, is
summarized in Table 5 and Table 6.

3.4 Relevance Mapping and Filtering

To construct reliable query-document relevance an-
notations, we incorporate relevance mapping into
multiple stages of the pipeline. During query gener-
ation, the model is provided with document content
in markdown format, including both page-level and
element-level representations, and queries are gen-
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Figure 3: Distribution of query types across subsets.
Note that query types are not mutually exclusive, ac-
counting for the multi-faceted nature of complex infor-
mation needs.
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Figure 4: Distribution of query formats across subsets.

erated based on specific sections or combinations
of sections, implicitly capturing initial relevance
signals. After query generation, we perform an ad-
ditional relevance mapping step at the page level by
evaluating each query against candidate document
pages to identify supporting evidence.

To improve annotation quality while reducing
manual effort, we apply both consistency-based
and rule-based filtering. Relevance signals from
the generation stage are compared with those from
the additional mapping stage, and only consistent
pairs are retained. While this process may discard
some challenging cases where relevant pages are
difficult to identify during mapping, we prioritize
annotation reliability over coverage, as relevance
judgments can be inherently ambiguous in mul-



Subset #Docs #Pages #Queries #Qrels Avg. Pages/ Query
Cybersecurity 17 1,150 149 409 2.74
HR 9 2,109 221 726 3.30
Energy 11 1,993 173 525 3.03
Economic 20 1,477 163 413 2.55
Total 57 6,729 706 2,073 2.94

Table 1: Statistics of the KoViDoRe benchmark across domain-specific subsets. Avg. Pages / Query denotes the

average number of relevant pages per query.

timodal and multi-page settings. In addition, we
remove low-quality queries such as those with ex-
cessive keyword enumeration or those that directly
reveal answer content from the document, resulting
in a reduced but more reliable set of keyword-based
queries. For the benchmark, we further incorporate
human verification, where annotators perform a fi-
nal review of query-page relevance annotations and
refine queries through rephrasing when they are
unnatural or ambiguous. This process balances au-
tomatic filtering and human verification to produce
high-quality annotations.

3.5 Dataset Statistics

Table 1 summarizes the overall statistics of the
benchmark across its four domain-specific subsets.
Figure 3 and Figure 4 further illustrate the distribu-
tions of query types and query formats. The bench-
mark consists of 57 documents and 6,729 pages,
with a total of 706 queries and 2,073 relevance an-
notations. The four domain-specific subsets exhibit
notable differences in scale and structure. For ex-
ample, the HR and Energy subsets contain a larger
number of pages per query, suggesting that queries
in these domains often require aggregating informa-
tion from multiple pages. As shown in Figure 3 and
Figure 4, the dataset contains a diverse set of query
types and formats across all subsets. Multi-hop,
open-ended, and comparison-based queries appear
frequently, while question- and instruction-style
queries are more common than keyword queries.

4 Experiments

4.1 Experimental Setup

We evaluate Korean visual document retrieval as a
ranking task over document pages. Given a query
q and a collection of document pages D, the goal
is to retrieve and rank pages that are relevant to
the query. Each document is represented as a set
of pages containing both textual and visual content.
Queries are written in Korean and reflect diverse in-

59

formation needs grounded in real-world documents.
Relevance is defined at the page level with graded
labels: a page is labeled as fully relevant (2) if it
contains sufficient information to answer the query,
and partially relevant (1) if it provides support-
ing evidence. The dataset follows the BEIR-style
evaluation framework with a corpus, queries, and
relevance judgments (qrels) (Thakur et al., 2021).
We report performance using nDCG@10. We eval-
uate a range of multimodal retrieval models on
the KoViDoRe benchmark, covering small (<1B),
medium (1B—4B), and large (>4B) models. The
evaluated models include CLIP-based encoders
(Radford et al., 2021; Zhai et al., 2023; Kouk-
ounas et al., 2024), late-interaction retrieval models
such as ColPali and ColQwen (Faysse et al., 2024;
Nomic Team, 2025; Huang and Tan, 2025), and
recent multimodal embedding models (Jiang et al.,
2024; Giinther et al., 2025; Li et al., 2026). Evalua-
tion is conducted across four domains: Cybersecu-
rity, Energy, Economic, and Human Resources.

We conduct evaluation using the MTEB (Mas-
sive Text Embedding Benchmark) (Muennighoff
et al., 2022), adapted to support multimodal re-
trieval on the KoViDoRe dataset. This provides a
standardized and reproducible evaluation pipeline
across all models. We build separate retrieval in-
dices for each domain subset and each query is
evaluated only against the pages within its corre-
sponding domain.

4.2 Main Results

Table 2 presents the performance of all evaluated
models on the benchmark. Overall, we observe a
clear performance gap between model scales. Small
models perform poorly across all domains, often
failing to retrieve relevant pages. Medium-scale
models show improved performance, particularly
those based on late-interaction architectures. Larger
models generally achieve higher scores, although
performance gains are not uniform across do-
mains. Among all models, jina-embeddings-v4



Model Params Cyber Energy Economic HR Avg.
Small Models (< 1B parameters)
openai/clip-vit-base-patch16* 151M 4.1 0.8 0.0 0.6 1.4
vidore/colSmol-256M* 256M 19.7 9.5 1.0 1.1 7.8
vidore/colSmol-500M* 500M 26.2 9.9 0.6 0.9 9.4
jinaai/jina-clip-v2*® 865M 204 11.3 0.2 3.1 8.8
google/siglip-so400rn-patch14-384o 878M 15.3 53 1.3 1.1 5.8
Medium Models (1B—4B parameters)
Qwen/Qwen3-VL-Embedding-2B* 2.0B 61.3 40.6 15.3 18.7 340
vidore/colqwen2-v1.0* 2.2B 53.3 42.0 8.0 147 295
vidore/colpali-v1.1* 2.9B 319 18.2 3.0 6.0 148
vidore/colpali-v1.2* 2.9B 332 16.4 2.1 45 141
vidore/colpali-v1.3* 2.9B 34.7 20.6 1.6 6.2 158
ApsaraStackMaaS/EvoQwen2.5-VL-Retriever-3B-v1* 3.0B 41.4 31.5 6.3 11.3 226
nomic-ai/colnomic-embed-multimodal-3b* 3.0B 47.4 442 10.5 329 337
vidore/colqwen2.5-v0.2* 3.0B 439 443 39 135 264
jinaai/jina-embeddings-v4* 3.8B 71.6 67.7 24.5 50.1 55.0
Large Models (>4B parameters)
TomoroAl/tomoro-colqwen3-embed-4b* 4.0B 55.3 31.0 9.1 10.1 264
eagerworks/eager-embed-v1*® 4.0B 51.5 32.7 54 7.0 242
TIGER-Lab/VLM2Vec-Full* 4.2B 9.8 3.2 1.3 13 39
ApsaraStackMaaS/EvoQwen2.5-VL-Retriever-7B-v1* 7.0B 66.0 55.4 12.1 264  40.0
nomic-ai/colnomic-embed-multimodal-7b* 7.0B 69.6 59.5 12.4 333 437
Qwen/Qwen3-VL-Embedding-8B* 8.0B 717.8 63.2 234 374 504
TomoroAl/tomoro-colqwen3-embed-8b* 8.0B 73.7 58.5 16.3 26.5 438

Table 2: Performance comparison on KoViDoRe benchmark (nDCG@10, %). Bold indicates the best score;
underline indicates the second-best score. #: CLIP-based, ¢: late-interaction, &: single-vector models. Cyber:

Cybersecurity, HR: Human Resources.

achieves the best overall performance, significantly
outperforming other models across all domains.
This suggests that retrieval effectiveness is influ-
enced not only by model scale, but also by factors
such as training objective and data composition.

4.3 Analysis

Despite improvements from larger models, perfor-
mance remains limited across all domains. In par-
ticular, domains such as Economic and Human Re-
sources consistently show lower scores, indicating
that retrieving relevant information in these settings
is especially challenging. This is likely due to more
complex document structures and the presence of
information distributed across multiple pages.

We also observe that even strong retrieval models
achieve relatively limited performance on several
subsets of KoViDoRe. This suggests that the bench-
mark introduces additional challenges beyond con-
ventional document retrieval settings, including
complex layouts, structured visual content, and in-
formation distributed across multiple pages. In par-
ticular, queries associated with multiple relevant
pages remain difficult for existing models, indi-

cating that effectively retrieving and aggregating
distributed document evidence is still a challenging
problem in Korean visual document retrieval.

Motivated by this limitation, we further investi-
gate whether training on Korean-specific data can
improve retrieval performance, which we explore
in the following subsection.

4.4 Ko-VDR Train Public

Dataset Construction To address the limitations
identified in the previous section, we curate a large-
scale training dataset, Ko-VDR Train Public, us-
ing the same data generation pipeline. The dataset
consists of query-page pairs derived from Korean
visual documents and includes a total of 310,226
query-page pairs. To ensure data quality, we ap-
ply both consistency-based and rule-based filter-
ing. The consistency-based filtering retains only
query-page pairs where relevance signals from the
query generation stage and the additional relevance
mapping stage agree. In addition, we apply rule-
based filtering to remove low-quality queries, in-
cluding those with excessive keyword enumeration
and those that directly reveal answer content from
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Model Params Cyber Energy Economic HR Avg.
vidore/colSmol-500M 500M 26.2 9.9 0.6 0.9 9.4

+ Ko-VDR Train Public 394 35.0 144 18.7 269
vidore/colqwen2-v1.0 2.2B 53.3 42.0 8.0 147 295

+ Ko-VDR Train Public 75.6 67.6 18.3 49.6 52.8
jinaai/jina-embeddings-v4 3.8B 77.6 67.7 24.5 50.1 55.0
TomoroAl/tomoro-colqwen3-embed-4b 4.0B 55.3 31.0 9.1 10.1 264
Qwen/Qwen3-VL-Embedding-8B 8.0B 77.8 63.2 234 374 504

Table 3: Comparison with representative retrieval baselines on KoViDoRe (nDCG@ 10, %). Bold indicates the best
score; underline indicates the second-best score. Cyber: Cybersecurity, HR: Human Resources.

the document. This helps eliminate trivial or overly
extractive cases and improves the robustness of the
data. Unlike the benchmark construction process,
we do not perform additional human verification
for the training dataset to maintain scalability.

Training Setup We fine-tune two late-
interaction retrieval models, colSmol-500M
and colgwen2-v1.0, using the colpali_engine
framework. Training is conducted on 2x NVIDIA
B200 GPUs using BF16. We use a batch size
of 128 per device and train for 3 epochs. In
addition to Ko-VDR Train Public, we mix in
a private Korean visual QA dataset containing
TableVQA- and FigureVQA-style supervision
(Kim et al., 2024; Kahou et al., 2017). This
additional dataset complements the retrieval
objective by providing stronger supervision for
structured visual understanding, particularly for
tables and figures.

Results Table 3 shows that fine-tuning on our
dataset consistently improves performance across
both colSmol-500M and colqwen2-v1.0. The
smaller colSmol-500M model achieves substan-
tial gains across all domains, demonstrating the
effectiveness of the proposed training data even
for lightweight models. For colgwen2-v1.0, fine-
tuning leads to significant performance improve-
ments, achieving competitive results with strong
multimodal embedding models and surpassing
Qwen3-VL-Embedding-8B despite being smaller
in scale. These results highlight that training on
Korean-specific data can substantially improve re-
trieval performance and enable smaller models to
compete with larger counterparts.

4.5 Interpretability

To better understand model behavior, we visualize
query-to-document similarity using heatmaps for
the fine-tuned colgwen2-v1.0@ model. In Figure 5,
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Figure 5: Similarity map on a document example.

the model assigns high similarity to the term “A-&
A%}, indicating that it correctly focuses on the key
textual evidence relevant to the query. This suggests
that the model is able to identify and attend to
query-relevant terms in Korean visual documents.
Additional examples are provided in Figure 15.

5 Ablation Study
5.1 Effect of the Number of Relevant Pages

To analyze how retrieval performance varies
with query complexity, we group queries by
the number of relevant pages and report
nDCG@10 for each group. Figure 6 shows
the results for Qwen3-VL-Embedding-2B and
Qwen3-VL-Embedding-8B. We observe a general
trend where performance tends to decrease as
the number of relevant pages increases. For both
models, performance is highest when a query is



Model Cyber Energy Economic HR Avg.
vidore/colqwen2-v1.0 53.3 42.0 8.0 147 295
+ Private Only 70.3 58.8 18.7 377 464
+ Public Only 75.4 66.9 16.5 493 52.0
+ Private + Public 75.6 67.6 18.3 49.6 52.8

Table 4: Effect of training data composition on vidore/colgwen2-v1.0 (nDCG@ 10, %). Bold indicates the best
score; underline indicates the second-best score. Cyber: Cybersecurity, HR: Human Resources.
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Figure 6: nDCG@ 10 by the number of relevant pages
per query. Performance tends to decrease as the number
of relevant pages increases.
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associated with a single relevant page, and gen-
erally declines as more relevant pages are re-
quired, although the decrease is not strictly mono-
tonic. This suggests that queries requiring evi-
dence from multiple pages are more challeng-
ing, as models must retrieve and integrate in-
formation distributed across different parts of a
document. While Qwen3-VL-Embedding-8B con-
sistently outperforms Qwen3-VL-Embedding-2B
across all groups, both exhibit similar trends, indi-
cating that increasing model capacity alone does
not fully mitigate the challenges of multi-page
retrieval. These results highlight that KoViDoRe
captures the increased difficulty of queries with
broader information needs, providing a more real-
istic evaluation setting in which retrieval systems
must aggregate evidence across multiple pages.

5.2 Effect of Training Data Composition

We analyze the effect of training data composi-
tion using vidore/colqwen2-v1.0. Following the
training setup described in Section 4.4, we keep all
training configurations fixed and vary only the com-
position of the training data. As shown in Table 4,
training with private data alone improves perfor-
mance over the base model, indicating the benefit
of Korean-specific supervision. Training with pub-
lic data yields larger improvements across most
subsets, suggesting that broader data coverage and
diversity contribute significantly to retrieval perfor-
mance on Korean visual documents. When both
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private and public data are combined, the model
achieves the best overall performance across most
subsets, demonstrating that Korean-specific super-
vision and large-scale public training data are com-
plementary. In particular, combining both datasets
consistently improves performance in Cybersecu-
rity, Energy, and HR, leading to the highest average
performance overall. Interestingly, the Economic
subset exhibits a different trend, where training
with private data alone achieves the highest perfor-
mance. We hypothesize that this is because many
queries in the Economic subset require identify-
ing and interpreting complex multi-column tables
distributed across document pages. Since the pri-
vate dataset includes TableVQA-style supervision,
it likely provides stronger training signals for struc-
tured table understanding, resulting in larger gains
on table-heavy economic documents.

6 Conclusion

We introduced KoViDoRe, a benchmark for Ko-
rean visual document retrieval. Unlike conventional
benchmarks that primarily focus on queries answer-
able from a single page, KoViDoRe emphasizes
queries that require retrieving and integrating in-
formation distributed across multiple pages. We
constructed the dataset from publicly available Ko-
rean documents with diverse layouts and developed
a LLM-based multi-stage pipeline with human ver-
ification. Through extensive evaluation, we showed
that current multimodal retrieval models struggle
to effectively handle Korean visual document re-
trieval, particularly in scenarios involving struc-
tured content and diverse query types. To address
this limitation, we further curated Ko-VDR Train
Public, a large-scale training dataset designed for
Korean visual document retrieval. Our experiments
demonstrate that training on Korean-specific data
improves retrieval performance, highlighting the
importance of language-specific training resources.
We hope that KoViDoRe and Ko-VDR Train Pub-
lic will facilitate future research on Korean visual
documents retrieval.



Limitations

Despite the contributions of this work, several limi-
tations remain. First, our query generation relies on
parsed markdown representations and image cap-
tions rather than raw visual inputs. While this de-
sign enables scalable and reproducible data genera-
tion, it may not fully preserve fine-grained visual
information such as layout, color, or chart-specific
patterns. As a result, information loss may occur in
visually intensive documents, potentially affecting
query quality. As future work, we plan to incorpo-
rate vision-language models (VLMs) into the query
generation process to better capture visual infor-
mation and reduce such information loss. Second,
while our relevance mapping process reduces man-
ual annotation effort through consistency-based fil-
tering, it may still introduce noise due to imper-
fect alignment between generation and mapping
stages. In addition, although the private Korean
VQA dataset used in our training experiments con-
tributes to performance improvements, it cannot
be publicly released due to licensing restrictions.
As aresult, the fully reproducible training setup is
limited to the publicly available components. Fi-
nally, our experiments focus on evaluating exist-
ing retrieval models, and we do not propose new
model architectures specifically designed for Ko-
rean visual document retrieval. Future work may
explore model designs and training strategies bet-
ter suited for handling structured and visually rich
documents, including approaches that directly in-
corporate visual inputs during query generation.
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A Appendix

This appendix provides supplementary materials
for transparency and reproducibility. We include
a detailed comparison with the SDS KoPub VDR
benchmark, the technical rationale for our model
selections, and formal category definitions used
in query generation. Additionally, we provide the
complete set of prompt templates for key pipeline
stages, representative query-page examples, and
comprehensive document metadata for all source
collections included in KoViDoRe.

A.1 Comparison to SDS KoPub VDR

While SDS KoPub VDR (Lee et al., 2025) repre-
sents an important benchmark for evaluating Ko-
rean visual document retrieval, KoViDoRe intro-
duces a different task formulation that emphasizes
more complex retrieval scenarios. The primary dis-
tinction lies in the query-to-document mapping:
SDS KoPub VDR is largely designed for single-
page retrieval, where each query is mapped to a
single relevant page. In contrast, KoViDoRe explic-
itly focuses on multi-page evidence aggregation,
with each query associated with an average of 2.94
relevant pages. This shift from single-page match-
ing to multi-page evidence gathering aligns with
realistic enterprise search scenarios, where infor-
mation is often distributed across multiple pages
and no single page alone is sufficient to satisfy the
query. As shown in Table 1, KoViDoRe’s queries
frequently require synthesizing information from
diverse document regions, such as comparing finan-
cial trends or summarizing policies spread through-
out a report. By providing a higher ratio of rele-
vant pages per query—reaching up to 3.30 in the
HR subset—KoViDoRe complements existing re-
sources by evaluating a model’s ability to retrieve
information from multiple pages to satisfy the di-
verse informational needs embedded in a single

query.

A.2 Document Parsing and Query Generation
Models

Upstage Document Parse We use Upstage Doc-
ument Parse as the document parsing backend in
our pipeline. The model provides layout-aware
parsing of visually rich documents, extracting both
page-level and element-level markdown represen-
tations, and decomposing each page into structured
components such as text blocks, tables, figures,
charts, and diagrams. It also generates captions for
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visual elements, enabling semantic interpretation
of non-textual content. According to publicly re-
ported results on DP-Bench, the model achieves
strong performance in preserving document struc-
ture, and is designed to handle complex document
layouts. We choose this model as it is effective for
parsing structurally complex Korean documents
while preserving layout-aware information, which
is critical for downstream query generation and
relevance mapping.

Solar-Pro3 For query generation, we use Solar-
Pro3 as the underlying language model. Solar-Pro3
is a reasoning-oriented language model designed
to support structured and context-aware generation.
According to publicly available reports, it demon-
strates strong performance in Korean language un-
derstanding and instruction-following tasks. Given
document content in markdown format, the model
generates queries conditioned on both textual and
visual information extracted during preprocessing.
We choose Solar-Pro3 as it is well-suited for gen-
erating complex Korean queries that require multi-
step reasoning, which aligns with the objective of
constructing realistic and challenging retrieval sce-
narios in KoViDoRe.

A.3 Query Category Definitions

Table 5 and Table 6 define the query type and query
format categories used in our dataset construction
pipeline.

A.4 Prompt Templates

Figures 9, 10, 11, and 12 present the prompt tem-
plates used for summary generation, relevance map-
ping, and query generation.

A.5 Example Query-Page Pairs

Figure 13 and Figure 14 show representative exam-
ples of query-page pairs from different subsets of
KoViDoRe.

A.6 Document Metadata

Table 7 lists the metadata of the document collec-
tions used in KoViDoRe, while Table 8 presents
the metadata of the documents used in Ko-VDR
Train Public. Both tables include document titles,
providers, page counts, and license information.

A.7 Distribution of Relevant Pages per Query

Figure 7 shows the distribution of queries with re-
spect to the number of annotated relevant pages.
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Figure 7: Distribution of queries by the number of rele-
vant pages.

Most queries are associated with two or three rele-
vant pages, while queries requiring a larger number
of relevant pages are less frequent. This distribution
reflects a realistic setting where information needs
vary in complexity, with a substantial portion of
queries requiring aggregation across multiple pages.
At the same time, the presence of queries with a
higher number of relevant pages supports the anal-
ysis in Section 5.1, demonstrating that KoViDoRe
includes challenging cases that require broader evi-
dence aggregation.
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Category Definition

open-ended A query requiring synthesis and explanation of information. The answer must integrate multiple
concepts into a coherent narrative rather than citing a single fact.

compare-contrast A query requiring identification and articulation of similarities and/or differences between two
or more entities, concepts, or topics.

enumerative A query requesting a complete list of items that meet specific criteria.

numerical A query expecting a numerical value, obtained either by direct extraction or calculation.

boolean A query expecting a yes/no answer, potentially requiring reasoning over extracted information.

extractive A query answerable by directly citing a specific fact or piece of information from the documents.

multi-hop A query requiring information retrieval from multiple distinct sources or sections, which must

then be combined to produce a complete answer.

Table 5: Query type categories and their definitions.

Category Definition

question A query presented in the form of a direct question, seeking specific information or clarification.

instruction A query framed as a directive or command, requesting the model to perform a specific task or
provide information in a particular manner.

keyword A query consisting of noun phrases and keywords only, WITHOUT forming a complete

sentence. No verbs, no question words, no sentence endings. Mimics how users type into search
engines: fragmented, concise, noun-centric terms separated by spaces.

Table 6: Query format categories and their definitions.

You are a document analysis expert. Your role is to analyze a specific section of a document
within the context of the entire page and summarize its core content in Korean.

## Context and Task:

- You are provided with the full page content in markdown format.

- You are also provided with a specific section's data, which may include text segments,
coordinates, and metadata.

- Your task is to summarize the core information of the x*Target Section *x while using the
**xFull Pagex* as contextual background to ensure accuracy and completeness.

## Summary Principles:

- Capture all key information, concepts, and data specifically related to the Target Section.
- If the Target Section refers to tables, charts, or graphs present in the Full Page,
describe their content and significance.

- Ensure that numerical data, statistics, and important figures from the section are
strictly included.

- The summary should be 5-7 sentences long—concise, yet minimizing any loss of information.
- A reader should be able to understand the core message of the specific section solely by
reading the summary.

## Output Format:
- Output only the summary written in Korean.
- Do not provide any introductory remarks, preambles, or additional explanations.

## Instructions:
Please summarize the Target Section based on the Full Page context.

### Full Page Markdown:
{{ markdown }}

### Target Section:
{{ elements }}

Figure 8: Prompt for generating single-section summaries based on full-page context

67




You are a document synthesis and integration expert. Your role is to analyze a set of
fragmented summaries extracted from different pages of a single document and synthesize them
into a coherent, comprehensive cross-section summary in Korean.

## Context and Task:

- You are provided with a **Combined Context**, which consists of multiple summaries derived
from randomly sampled sections of a document.

- The context is listed with page numbers to indicate where each information originates.

- Your task is to generate a **Cross-Section Summaryxx that integrates these dispersed
pieces of information into a unified narrative.

- You must identify logical connections, thematic consistency, or causal relationships
between the sections, even if the page numbers are not consecutive.

## Summary Principles:

- xxIntegration over Listing:** Do not simply list the summaries one by one. Instead, weave
them together to explain "what this document is discussing” based on the available evidence.
- x*Contextual Flow:*x Use the page numbers to infer the structure (e.g., "The document
introduces [Topic] on Page 2 and later elaborates on [Specific Detail] on Page 15").

- **Handling Gaps:**x Acknowledge that the information is sampled. If sections seem unrelated,
describe them as distinct aspects covered within the document.

- *xAccuracy:** Strictly adhere to the provided content. Do not hallucinate information not
present in the input snippets.

- x*xLength & Tone:** Write a professional, dense paragraph (7-10 sentences). Use a formal
and objective tone.

## Output Format:
- Output only the summary written in Korean.
- Do not provide any introductory remarks, preambles, or additional explanations.

## Instructions:
Please summarize the core message based on the provided Combined Context below.

### Combined Context:

<sections>

{% for summary in single_section_summary %}
<section index="{{ loop.index@ }}">

{{ summary }}

</section>

{% endfor %}

</sections>

Figure 9: Prompt for cross-section summarization using aggregated section summaries
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You are a strategic Document Relevance Auditor. Your goal is to identify pages that provide
either a "Complete Answer” or "Essential Building Blocks"” for a query.

## Task
Evaluate the relevance of each document page. You must distinguish between "Noisy/Empty
pages” and "Partial but Crucial data pages.”

## Query
{{ query }}

## Documents

<documents>

{% for doc in markdown %}

<document index="{{ loop.index® }}">
{{ doc }}

</document>

{% endfor %}

</documents>

## Scoring Criteria (Balanced Evidence-Based)

- %%2 (FULLY_RELEVANT)=**: The page contains an explicit, direct, and complete answer to all
parts of the query.
- %*%1 (CRITICALLY_RELEVANT)**: The page contains specific, substantive facts or data
required to answer *at least one partx of a multi-part query.
- (e.g., If the query asks for "A and B comparison” and the page has detailed data on
"A", it is a CRITICAL building block, even if "B" is missing.)
- (e.g., Detailed statistics, specific policy names, or factual descriptions that would
form part of the final answer.)
- *%@ (IRRELEVANT)**: The page provides no substantive value. This includes:
- *xPure Navigation*x: Tables of Contents or cover pages with only titles/page numbers.
- **0ff-Topicx*: Content that doesn't address any specific component of the query.
- *xVague Mentionsx*: Just mentioning a keyword without any descriptive facts or data.

## Critical Instructions

1. *xThe Building Block Rulex*: Do not reject a page just because it is incomplete. If it
provides a "Hard Fact” (e.g., China's specific Metaverse policy) that is part of the query's
scope, assign 1.

2. *xxSubstance Over Format*x: A table or a list of policies is highly relevant if it contains
the "What/How/When"” of the subject, even if it doesn't "compare” it for you.

3. x*Anti-Hallucinationxx: While being more inclusive of partial data, still score @ if the
page requires you to "guess” the information. The data must be explicitly written.

## Reasoning Requirements (Thinking Process)

For each page, explain your judgment in *xKOREAN*x*:

- xxPartial match checkx*: Does this page cover at least one specific component of the query?
- x*Fact density*x: Does it provide concrete data/facts, or just general mentions?

- **%Role in Answerx*: How does this information help in constructing the final response?

## Output Format

Return your assessment with:

1. “reasoning™: A detailed **KOREAN** explanation for each page.
2. “relevance_scores™: A list of integer scores (@, 1, or 2).

Figure 10: Prompt for relevance mapping by identifying fully relevant and critically relevant pages
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You are an expert in creating challenging datasets for Vision Document Retrieval (VDR).
Your goal is to generate a **highly specific Korean search query*x that acts as a realistic
user prompt for retrieving information from a large corpus.

### 1. Document Context
You are provided with two types of summaries:

#### 1.1 Single-Section Summaries
Each <single_section_summary> tag contains a summary of a x*xspecific section/pagexx,
identified by its **actual page numberx* (page).

<single_section_summaries>

{% for summary in single_section_summary %}
<single_section_summary index="{{ loop.index@ }}">
{{ summary }}

</single_section_summary>

{% endfor %}

</single_section_summaries>

#### 1.2 Cross-Section Summary

The following is a **synthesized summaryx* that integrates information across all the
sections above. Use this to understand the overall narrative and relationships between
different sections.

<cross_section_summary>
{{ cross_section_summary }}
</cross_section_summary>

**How to use these summaries*x:

* Use **single-section summaries*x to identify specific facts, entities, and details located
on each page.

* Use xxcross-section summary*x to understand how information connects across pages and to
identify synthesis opportunities.

* Your query should require combining specific details from multiple sections (identified via
single-section summaries) in a way that reflects the cross-section relationships (identified
via cross-section summary).

### 2. Task Requirements
You must generate a structured output containing the rationale and the query itself based on
the following specifications:

* x*%Query Typex*x: {{ query_type }} ({{ query_type_definition }3})
* xxQuery Format*xx: {{ query_format }} ({{ query_format_definition }})

### 3. Critical Constraints for Realistic Retrieval

#### Rule 1: NO Artificial Location References

* xxStrictly Forbiddenxx: "2I|O[Z[OfA]...", "L} &0 U=...”, "H HA 2M2...", "LI0M
AgE..."

* xxReasonx*: The user queries the entire database and does not know the document order or
page numbers.
* *x*Alternativexx: Use *xSection Headers, Table Captions, or Unique Keywords*x found in the
text.

* Bad: "2H|0|Z|0f = HE 293)."

* Good: "’2024F ZHE SIO|2I0|E’ HE Q09ksf.”

#### Rule 2: Implicit Multi-Page Synthesis

* The query must require information scattered across multiple pages, but *xwithout
explicitly stating so*x.

* *xStrategy*x: Identify x*Entity A** on one page and x*Entity B** on another, then ask about
their relationship.

#### Rule 3: Entity-Grounded Specificity

* Avoid generic queries like "O|HR| Z:ME EAM3HF."

* Include specific entities found in the text: x*Dates, Company Names, Regulations (e.g.,
1S0-27001), Project Codes, Policy Names, or Program Names*x.

* However, do NOT include exact numerical values (see Rule 5).

#### Rule 4: Single Natural Query
* The query **MUST be a single unit** appropriate to its format (one question, one
instruction, or one keyword cluster).
* xxStrictly Forbidden Patternsx*x:
* Multiple sentences: "~QL|C}t. ~GFML."
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% Instruction suffixes: "Gt, ~& 7|92 HHEHSIA|L.”
% Explicit output format requests: "~& 2HZE AHA|SIA|L.", "~& LIG5tA|L."
* Conditional clauses at the end: "G, ~& RE5I0 A|Z5l{oF &L|Ct."
* *xxExamples**:
* Bad: "2021 7%} 20220 HSES HWsIAR. T, ~EHN AAYESE FE510] HAlStA|2."
* Good: "2021HM} 2022 £ L ZYo| &4 OiORVLH HESES OfEH HILIR?”

#### Rule 5: Realistic Search Behavior
The query must read as if a *xresearcher who does NOT have the document*x is searching a
database by topic and keywords. This single rule covers three aspects:

*x(a) No Verbatim Document Datax=
* Use xxconceptual references*x (policy names, years, entity names) instead of **exact
figuresxx.
* xxStrictly Forbiddenxx: Specific monetary values, exact percentages, precise statistics
copied from the document.

* Bad: "O|L{2| 20| €49.5/MWhO||A] €94/MWhZ 89% AML&St OlR=2"

*x Good: "2022F A AD| OHR| @2 251} EDF| ARENH 22 O ZHA|7} QL2

*%*(b) No Document-Aware Framing**
% #%Strictly Forbidden**: "EMOM", "ofiE ZZ2Q|", "¢ HO| =", "2 BMo|", "AH A=
HIOIEE 7|Bte2”
* Also forbidden — x*Document Title Scoping*x (assumes the user already knows the document
exists):

* Bad: "A|72} O|HZ[7|2A|20|M A B|S SHE=?"

* Good: "2025 UEO| X H|IZ ESH"

*%x(c) Realistic User Knowledgex*

* The user **knows**: topic area, key entities, time periods of interest.

* The user *xdoes NOT knowx*x: page numbers, document structure, specific numerical values,
exact document titles.

### 4. Query Format Specification

##HH# Question Format (&%)
* Must be a complete interrogative sentence with question endings.
% **%Required elements**: Question word (9, ¥, 2, O{E) OR question ending (~Q17t27?,
~ALR?, ~E=T1)
* *xExamples**:
* "M2 OS5t SUHE0| 20203 FVIHF S0 S O|F=I2"
* "O|HRHIRH A Eo| 2 M= Felvter”

#### Instruction Format (R|A|H)
* Must be a command with imperative endings.
* *xRequired elements*x: Imperative ending (~SHFAM|E, ~SIA|L, ~2A5tet, ~AdHsteh
* *xExamplesxx:
x 2020 M2 EBIZD FIID 7to| ARTAS BAHZML. "
* "O|H2[HIRH 2L o2 28714 AtRIe| 2l0|EE H|uSt2t. "

#HHH# Keyword Format (Z|HES)

* **NO complete sentences.*x Only noun phrases and search terms.
* **NO verbs, NO question words, NO sentence endings.*x

* Mimics search engine input: fragmented, noun-centric.

**Keyword Format Rulesxx*:
Allowed / Forbidden
- GAL, AR, S8 GARS /7 SAF (<SICH ~O0lTH, ~UEh

- BH AL (9], ~ol/3t, ~7h ~0f T2, ~o= OIsh / AL (R, OfFH, of, ofE)
- AREAL A%, IR/ 28 FE (7t ~aiFMR, ~YU7h

- B EY (HlR, A, 98, dEd, dua) / eHE 23 2z

- 2 Of0f (EDF, ARENH, GOP) / SHOROF LIXE 2] 7925

- hEH 245 BY / 2M B 329 oA 2y =i

#i##H## Keyword Structural Templates

A keyword query must form **one coherent noun phrase*x. Every noun must be connected to its
neighbors by Korean particles (2|, 2/1}, Zt, Off T2, ©2Z QIS L, 2, L) that make the
semantic relationship explicit.

Templates:
- Comparison: A2| XQ/2} BS| Y (Zb %}0|/H|w

Example: "2&¢9| BI1712|G O 2|82 &8 OfHZ[AH| HIFE 2{0]”
- Correlation: A2}/Z} B ZF b /2bA| /AFREREA|

Example: "UBL7ILO| MAI7IE2|F ZA|71S| O R|AH| 2F Agg”
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- Causation: A BHSI/27}/2A %}
Example: "£4Ab 7

- Condition: AOH =
Example: "AIjQl FO:L SHo| e M

- Composition: A U B2} co| H|=/EX/2Y
Example: "EU =& QI3 Lf =M 2y N CRY gk QY 7te| ¢y Z&»

**Particle Removal Test**:

Strip all particles (9|/2t/2}/2t/0| WHE/2S=2 QIst/U/=/]) from the query.
* If the meaning *xcollapses** -> Well-formed noun phrase.

* If the meaning **stays the same*x -> Keyword bag. Rewrite.

**Read-Aloud Testx*:
Read the query aloud. If there is a natural pause splitting it into two independent chunks
with no grammatical bridge -> Two queries glued together. Rewrite.

*xBad -> Fixed Examples*:
* "UYEME i SYEM BIROIE AGME AA SMES 243t A ALY ols=AM R
ADIEC MEtr

-> "YUEME i 0|F S|UEN HIZUE MH|AQE ZAME A MRS AY 2t 2F A
2fol”
* "K-GA BUE = HIS SHEIO2FH FRH| St

-> "K-Ae SUE 5 HIF SOt SEIOHH 2t B S

2 gtany

[

= 2t
* "HEY 2|F GUAN A'“‘ IS AHQIASH A2 £U TM 71E Ol
> rHEY YoM 2E A2 el HelASH HAL M JIE Y o

### 5. Quality Checklist (Self-Verification)

Before finalizing, verify ALL checks pass:

- Format Compliance: Query strictly follows the specified format
(question/instruction/keyword)

- Single Unit: ONE question, ONE instruction, or ONE keyword phrase — no multiple sentences
- No Page References: No page numbers, document indices, or positional references

- Realistic Search: No exact values from the document, no document-aware framing, no document
title scoping (Rule 5)

- Entity-Grounded: Includes searchable entities (names, years, policy names) but not verbatim
data

- Multi-Page Implicit: Requires information from multiple pages without explicitly stating it
- Keyword Coherence (keyword only): x*Particle Removal Test*x passes: stripping particles
must break the meaning

- Single Phrase (keyword only): **Read-Aloud Test** passes: query flows as one utterance with
no independent chunks

### 6. Output Generation

Generate the output strictly adhering to the defined JSON schema.

The query must be in **Korean*x and must pass all checks in the Quality Checklist above.
*%xPay special attention to the Query Format specification—the linguistic structure must
match exactly.xx*

Figure 11: Prompt for generating summary-based retrieval queries with controls for realism, diversity, and query
formulation
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You are an expert in creating challenging datasets for Vision Document Retrieval (VDR).
Your goal is to generate a **highly specific Korean search query*x that acts as a realistic
user prompt for retrieving information from a large corpus.

### 1. Document Context

The following XML-like tags contain the markdown text extracted from a sequence of document
pages.

The <document index="..."> tags are for your internal reasoning ONLY. **Do NOT mention these
indices in the final query.*x*

<documents>

{% for doc in markdown %}

<document index="{{ loop.index@ }}">
{{ doc }}

</document>

{% endfor %}

</documents>

### 2. Task Requirements
You must generate a structured output containing the rationale and the query itself based on
the following specifications:

* x*%Query Typexx: {{ query_type }} ({{ query_type_definition }3})
* *x*%Query Formatxx: {{ query_format }} ({{ query_format_definition }})

### 3. Critical Constraints for Realistic Retrieval

#### Rule 1: NO Artificial Location References

» xxstrictly Forbiddense: "2HOIZ0)H...", "CHS HO Qis...”, "X WA A2l "SlolH
o2, .

* *%Reason*x: The user queries the entire database and does not know the document order or
page numbers.
* x*Alternativexx: Use *xSection Headers, Table Captions, or Unique Keywords*x found in the
text.

* Bad: "2H|0|2|0] QU= HE 29f5H."

* Good: "’2024\ ZHS 510|2/0|E’ EE QO ."

#### Rule 2: Implicit Multi-Page Synthesis

* The query must require information scattered across multiple pages, but **without
explicitly stating soxx*.

* *xxStrategy*x: Identify **Entity A** on one page and **Entity Bx* on another, then ask about
their relationship.

#### Rule 3: Entity-Grounded Specificity

* Avoid generic queries like "O|HR| ZME EMHF."

* Include specific entities found in the text: **Dates, Company Names, Regulations (e.g.,
1S0-27001), Project Codes, Policy Names, or Program Names*x.

* However, do NOT include exact numerical values (see Rule 5).

#### Rule 4: Single Natural Query

* The query **MUST be a single unit** appropriate to its format (one question, one
instruction, or one keyword cluster).

* xxStrictly Forbidden Patterns*x:

% Multiple sentences: "~QLICt. ~SFML.”
* Instruction suffixes: "G, ~& IZOE HHRHSIAIR. "
* Explicit output format requests. ~£ :’-7‘|§ Z1|A|OH\|2 v, "~ LIESHAR.

* Conditional clauses at the end: "E} ~& FE3H A oHOF gtLct.
* *xExamplesxx:

* Bad: "2021Y 1} 20224 AV‘%; H|WSHA| 2. T, = XS FE510] HA|SHA|L."

% Good: "2021U1T} 202014 A5 QU R|gro| Zeh DHOY7IE ALSES OfEH Yt}

#### Rule 5: Realistic Search Behavior
The query must read as if a *xresearcher who does NOT have the document*x is searching a
database by topic and keywords. This single rule covers three aspects:

*%x(a) No Verbatim Document Data**
* Use xxconceptual referencesxx (policy names, years, entity names) instead of **xexact
figures*x.
* *xxStrictly Forbiddenx*: Specific monetary values, exact percentages, precise statistics
copied from the document.

* Bad: "O|LHZ| 230| €49.5/MWhOflA €94/MWhZ 89% A&5t O|Re=2"

* Good: "20224 E%M A00 QYR 22 25 EDF9| ARENH ZE ot A7} ALt2”
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*%x(b) No Document-Aware Framingx
* *xStrictly Forbiddenxx: "EAO|M", "siE Zt=Q|”, "Q| HO| E2H" & HMO|", "AHA|E=
HIO|EE 7|Bte2”
* Also forbidden — **Document Title Scoping** (assumes the user already knows the document
exists):

* Bad: "A72t O|HZ[7|2A|E0|M X BZ ZH=?"

* Good: "20251 UEO| A H|Z 2H"

*%x(c) Realistic User Knowledgex*

* The user *xknowsx*x: topic area, key entities, time periods of interest.

* The user *xdoes NOT knowx*: page numbers, document structure, specific numerical values,
exact document titles.

### 4. Query Format Specification

##HH# Question Format (Z&3)
* Must be a complete interrogative sentence with question endings.
* **Required elements#**: Question word (9, O{EH|, 2, O{E) OR question ending (~QI7t27?,
~ALIR7?, ~U=7t)
* **Examples**:
* "M2 OS5t SUHE0| 2020'd F7IF SO0 S O|FH=I"
* "O|HRHIRH HEo| 2 42 Felvta?”

#HH# Instruction Format (Z|A|R)
* Must be a command with imperative endings.
% **Required elements**: Imperative ending (~oflFML, ~StA|L, ~2M5t2t, ~AdHTI2H
* xxExamples*x:
* "2020 M2 EE TR 7HO| HAAANE BMSHFML."
* "O|H2HIRH QL oA Z8704M Atel xl0|EE H|ustet.”

#HH# Keyword Format (Z|H4ES)

* x%*NO complete sentences.** Only noun phrases and search terms.
* xx*NO verbs, NO question words, NO sentence endings.*x

* Mimics search engine input: fragmented, noun-centric.

*xKeyword Format Rules*x:

Allowed / Forbidden

- YAL, AR, S8 BAR 7/ SAF (<30 ~0lCH, ~QUChH

- A ZAR (9, ~eb/3f, ~2F, MO TE, ~22 QIFhH / HEA (BN, O{EA, oA, ofH)

- DRBAL ST, WA/ 23 EA (OUlR, HFAR, YU

- 2 BY (MR, 2, g3, omd, Ambo) ol 23 P
- B2 0| (EDF, ARENH, GOP) / SWO 20t LIgiEl £2] J|9cs

- HE 2 B/ 2A B 29F oldlao Ay Byt

#i##HH# Keyword Structural Templates

A keyword query must form **one coherent noun phrasex*. Every noun must be connected to its
neighbors by Korean particles (2|, 2}/1}, 2t Of T2, ©2 0I5t LH, 2, ) that make the
semantic relationship explicit.

Templates:
- Comparison: A2| x2}/2} BO| Y (ZhH Z}O|/H|1
Example: "2l RI7IR|Y O|HR|AH|Z2 £~&8 OfHZ|AH| HIS 2t0|"
- Correlation: A2}/2} B 7+ b /2t /At
Example: "YBt7I10| MATIZR(2t ZA|7HLQ| Of|{A|AH| 7 Azt
- Causation: A HH3l/ZVl/24A9t B BISIO| A2t/ ATk
Example: "SAF {018 HIE ZIf0t S L
Condition: A0 2/22 ©Qlst Bl HHE}/Z0|
Example: "AT|O| B2 ZCIO| M2 HHES 23jo| #p
- Composition: A LY B2} cQ| H|Z/EX/HM
Example: "EU =& QI3 L A 240 n& CR|Y of 2t 7to| oy 21

a
==

HIS 450 12k

**Particle Removal Test*x:

Strip all particles (2|/2F/1}/2t/0f| E/22 QlIst/LH/Z=/2) from the query.
* If the meaning **collapses*x -> Well-formed noun phrase.

* If the meaning *xstays the same*x -> Keyword bag. Rewrite.

**Read-Aloud Testx*:
Read the query aloud. If there is a natural pause splitting it into two independent chunks
with no grammatical bridge -> Two queries glued together. Rewrite.

**Bad -> Fixed Examples**:
* "HUEAME i S[YEM HIZUE AQMY A SM2et 29t A ALY Ols=AM
ADIEC Matr
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> "HUEME i O|F S|YEAM BIZUE MB[ARN ZGMY A SMESE MY 2ol 2 T4
K- SUE £+F H|IF SHEIOE|7t Fe(H| ST
-> "K-YAo] SUE £Z HIF HO{QL IO 2Tt de(H| St Zh Ay
S HOIM A HEG HALSM A ST UM 7|IE T
-> "HEG YAUM 2F A1 HA HALSM AHAHS N VIE Y AR

### 5. Quality Checklist (Self-Verification)

Before finalizing, verify ALL checks pass:

- Format Compliance: Query strictly follows the specified format
(question/instruction/keyword)

- Single Unit: ONE question, ONE instruction, or ONE keyword phrase - no multiple sentences
- No Page References: No page numbers, document indices, or positional references

- Realistic Search: No exact values from the document, no document-aware framing, no document
title scoping (Rule 5)

- Entity-Grounded: Includes searchable entities (names, years, policy names) but not verbatim
data

- Multi-Page Implicit: Requires information from multiple pages without explicitly stating it
- Keyword Coherence (keyword only): x*Particle Removal Test*x passes: stripping particles
must break the meaning

- Single Phrase (keyword only): *xRead-Aloud Test** passes: query flows as one utterance with
no independent chunks

### 6. Output Generation

Generate the output strictly adhering to the defined JSON schema.

The query must be in *xKorean*x and must pass all checks in the Quality Checklist above.
**Pay special attention to the Query Format specification—the linguistic structure must
match exactly.xx*

Figure 12: Prompt for generating context-based retrieval queries with controls for realism, diversity, and query
formulation
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Figure 13: Example query-page pairs from the Economic and Energy subsets. Highlighted regions indicate the key
evidence supporting each query.
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Figure 14: Example query-page pairs from the HR and Cybersecurity subsets. Highlighted regions indicate the key
evidence supporting each query.
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Query: #5/423} CHA|0f| = SAF MAt7|&2| £ 4= H 7HeI7tR?

Figure 15: Additional query-to-document similarity heatmap for the fine-tuned colgwen2-v1.@ model on a Korean
document example. The model assigns high similarity to image patches corresponding to the term “A Z/AF8-5}.”

highlighting its focus on query-relevant textual evidence.
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Title Provider Pages License
Cybersecurity
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Aol H 9148 5 FH A (ATT&CK Framework 7]d 3} o] 3] 5) SHRIE YA 80  No Restriction
Aol &2 AR AT A RAIAR WY Tho] EAEE) AT 68  No Restriction
S AG T 28 A (FlokRt H A A oF-8-2 of- &3t vlolH §3) AT 23 No Restriction
NPT L-§ A2 (eFT SMB THY AHE F7E AD #7 geh AT A 23 No Restriction
UG 28 A (F19FRE MS-SQL A1 H & 53t sHAd flo] AsiAkar) FEAH NS 14 No Restriction
AT T 28 Al (AD B0l 4 2] RAT ST £ 7he) AR U ZY 16 No Restriction
ADAH oF-g W2 A flo] f-32 AR 24 FEAH AT 31 No Restriction
Log4j 918 oS 114 SHERlE YA T 35 No Restriction
NAS Hol 7fo|= ShEQlE 1A T 161  No Restriction
TTPs2 A 3]0} WAl Bt T} LA HpA] B SHLIEYIAZTY 79 No Restriction
TTPs3 FAA ] ot T = &g M2k B SOl H YIS 27  No Restriction

Economic
2 AAEF (2021. 34 F) 71 g7 80  No Restriction
L AASE (2021.693) 7SI A R 80  No Restriction
AT AASF (2021.9€35) 71 A A K 80 No Restriction
A2 AASTF (2021, 1293) 7185 80  No Restriction
ZT AASF (2022.393) 71 QAR 80  No Restriction
A2 AASF (2022. 64 7) 718 A 5 80  No Restriction
2 AASTF (2022.9935) 7182 A R 80  No Restriction
2|2 BAEF (2022, 12€3) 718K 80  No Restriction
2 AA ST (2023.3935) 71 S A A K 82  No Restriction
A5 (2023.693) 71 SR 80  No Restriction
22 AA S (2023.9935) 71 A A K 80  No Restriction
| AASEF (2023. 12€939) 71 AR 80  No Restriction
Z T AA5F (2024.393%) 71 QAR 77  No Restriction
| AASF (2024.693) 71 A AR 77  No Restriction
ZT AA 5 (2024. 99 %) 71 QAR 77  No Restriction
Z 2 AATEF (2024. 12€39) 71 QAR 77  No Restriction
22 AAS3F (2025.3€35) 1A 77 No Restriction
AT AAEF (2025. 6935) 713 A7 77 No Restriction
L AASEF (2025.993) 7SI A R 77  No Restriction
ZZ AASF (2025. 124 39) 718 A7 77  No Restriction
Energy
ofj 2] 4ty 53 (2017 China) = A B A 57  No Restriction
M HAF 5 (2017 Japan) StEAH A A 43 No Restriction
Sl Ar Y F3F (2017 USA) S A A 43 No Restriction
A4z} A2 7| &N EA € 71 &R EH: ol | 2 2% Rl b = by ] 172 KOGL Type 2
A4z o271 &N EA 8] 7| &R EW: T ol 7l & g7+ 76 KOGL Type 2
hAZ AR Az YR BEAE oA G Al 536 No Restriction
a2 At Y E3F (2023) AR A & 478  No Restriction
Q1L AA| of 1] 2] HR A QI A 259  No Restriction
A52k o2 71 &L A 8] 7| &R ER: e o271 & g7+ 85  KOGL Type 2
A5z} oW 2| 7| & A 8] 7| &2 EW: -4 ol 2] 7] 587 162 KOGL Type 2
olvz] 71&AH LA 2 (2025 F 2= 7] Fof | 2 A4 iR 7edTd 122 No Restriction
HR

TR e A RA A TgLEEHR 277 KOGL Type 1
EE0lE g 7fo| IgLEEE 88  No Restriction
A -7 oF ] A FAF HAA IgLEEH 423 No Restriction
A GAY Eleie -] 668  KOGL Type 2
A A 7@l A o2k 7] A7 &5 134 No Restriction
T A A& AT AeretaA A7 e Y 134 No Restriction
T A A7 el A el R A FaA7 &5 Y 148 No Restriction
8 A AredE A AgEaA A7 =5 136 No Restriction
g A A 71E A A ARA A =R 2R A7 &Y 138 No Restriction

Table 7: Document metadata for KoViDoRe across all subsets.
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https://www.data.go.kr/data/15102015/fileData.do
https://www.data.go.kr/data/15102009/fileData.do
https://www.data.go.kr/data/15102010/fileData.do
https://www.data.go.kr/data/15066710/fileData.do
https://www.data.go.kr/data/15066723/fileData.do
https://www.data.go.kr/data/15066723/fileData.do
https://www.data.go.kr/data/15102011/fileData.do
https://www.data.go.kr/data/15102014/fileData.do
https://www.data.go.kr/data/15102017/fileData.do
https://www.data.go.kr/data/15156664/fileData.do
https://www.data.go.kr/data/15156665/fileData.do
https://www.data.go.kr/data/15138872/fileData.do
https://www.data.go.kr/data/15139554/fileData.do
https://www.data.go.kr/data/15102022/fileData.do
https://www.data.go.kr/data/15102027/fileData.do
https://www.data.go.kr/data/15138752/fileData.do
https://www.data.go.kr/data/15100322/fileData.do
https://www.data.go.kr/data/15100324/fileData.do
https://www.data.go.kr/data/15066779/fileData.do
https://www.data.go.kr/data/15066779/fileData.do
https://www.data.go.kr/data/15066779/fileData.do
https://www.data.go.kr/data/15066779/fileData.do
https://www.data.go.kr/data/15066779/fileData.do
https://www.data.go.kr/data/15066779/fileData.do
https://www.data.go.kr/data/15066779/fileData.do
https://www.data.go.kr/data/15066779/fileData.do
https://www.data.go.kr/data/15066779/fileData.do
https://www.data.go.kr/data/15066779/fileData.do
https://www.data.go.kr/data/15066779/fileData.do
https://www.data.go.kr/data/15066779/fileData.do
https://www.data.go.kr/data/15066779/fileData.do
https://www.data.go.kr/data/15066779/fileData.do
https://www.data.go.kr/data/15066779/fileData.do
https://www.data.go.kr/data/15066779/fileData.do
https://www.data.go.kr/data/15066779/fileData.do
https://www.data.go.kr/data/15066779/fileData.do
https://www.data.go.kr/data/15066779/fileData.do
https://www.data.go.kr/data/15066779/fileData.do
https://www.data.go.kr/data/15095909/fileData.do
https://www.data.go.kr/data/15095909/fileData.do
https://www.data.go.kr/data/15095909/fileData.do
https://data.etic.kr/brd/m_11/view.do?seq=34
https://data.etic.kr/brd/m_11/view.do?seq=34
https://www.data.go.kr/data/15081561/fileData.do
https://www.data.go.kr/data/15095909/fileData.do
https://www.data.go.kr/data/15055169/fileData.do
https://data.etic.kr/brd/m_11/view.do?seq=34
https://data.etic.kr/brd/m_11/view.do?seq=34
https://www.data.go.kr/data/15007794/fileData.do
https://www.data.go.kr/data/3038238/fileData.do
https://www.data.go.kr/data/15033110/fileData.do
https://www.data.go.kr/data/15032836/fileData.do
https://www.data.go.kr/data/15140285/fileData.do
https://www.data.go.kr/data/15145184/fileData.do
https://www.data.go.kr/data/15145184/fileData.do
https://www.data.go.kr/data/15145184/fileData.do
https://www.data.go.kr/data/15145184/fileData.do
https://www.data.go.kr/data/15145184/fileData.do

Title Provider Pages License

o A FZAF 7| Z ol A AHH 774  No Restrictions
FQAFAE A7 % SPEA] 640  No Restrictions
A5l QAR B PR 521  No Restrictions
Rieii S AFEL 515  No Restrictions
Z27FATLAEEALY AFS ] 7R 314 W) EAREAR 479  No Restrictions
ALHIA A} SHAHFEEA TS 425 No Restrictions
ZrAS A A e Z AL B A LA P B AT 363  No Restrictions
AT EIALY] EA W 7 H 714 el & BEAR 323 No Restrictions
B FufHA] ZAFEA IR A e A U =l BN 285  No Restrictions
ICT §-53F A o] oFAgh Zztnt 347 7|9k 24 A+ gAY 253 KOGL Type 1
Azput g d e 5 Azt QA 2% B )e AT gAY 249 KOGL Type 1
A AFGF e ZEINER 216  No Restrictions
AFAD B2 AA R AL B ALA] i ek R 211 KOGL Type 1
AULE QPR 2T A& St bl 9] HalA SERM T Y 210  No Restrictions
S AT 7] A E S ALE 204  No Restrictions
Cx| S|t} S8 248 SIg uhe 347 e aTn A FAUVEFAANALY 195 NoRestrictions
ol 7f sk 22 QuE 178  No Restrictions
7| QA B H]-G AL HALA e EH 153 No Restrictions
(PDF) 1 4f A ulj 71 A AAEE 151  No Restrictions
gzgu|tjo] A4te] 215 Wt W QI 4 7] 2 A o] T AL E 1A S EAIATZIS Y 146 No Restrictions
ol A 10041 S| FAFEL 125 KOGL Type 1
SAB s 7)1 EA S S| oF4ALE 125  No Restrictions
sfel1d HEDLY At ZENER 121 No Restrictions
S Q] 22kl TG4 ntjo] Zelx A% A 9 A S A E A s EAAnZSY 115 No Restrictions
/gddlolE B 28 QA A RE T A3 110 KOGL Type 1
SRR 7124 SN FAH 90  No Restrictions
7 A/ B8 G A E A 414 85  No Restrictions
Z42719 AA ST AR ZAMA 7| AT 75 No Restrictions
AAAE BT QA AR E RS 9A35] 73 KOGL Type 1
A Z2AE QIALEA1A] 68  No Restrictions
FTEQu 7] EAF] Qi 59  No Restrictions
T B ZAF AR H A 2] 58 No Restrictions
ZIA e H| ZY A Al = e g ot A (F) 57 No Restrictions
ek AGAEAE A B AATE A sfo]|=atel PAFH R 51 No Restrictions
MR {5 5 AL A8 iwd MNP HH 5 919135 48  KOGL Type 1
% g IE ALEHA 42 No Restrictions
Bl A9l 9] o]sf =T ot A (F) 32 No Restrictions
MAFR {5 A3 FF D o g I H YIS 32 No Restrictions
i SMR % SSNC AH 2= R H AR (F) 27  No Restrictions
FAMNFH ] A0 AT THEAAER 24 No Restrictions
njtojolsr_FIAFA TS oHE WS 2o et 914] 9l o] 8 XA} AR TG 23 KOGL Type 1
ol An} ZHA] AR ZgAnEa & 19 KOGL Type |
njr]ojolgr_olthg A/dell thgt ¢14] AT 19 KOGL Type 1
ajrojolr 29 Tl K o]-8 2 Q1A A} AN TAT 19 KOGL Type 1
A A1 H A SHA R | S ZA} 18  No Restrictions
Zdm] B B A (A|efato] @) QuE 12 No Restrictions
] T B A (91419 QQuE 10 No Restrictions
Lol Azte] 9 ALS|EHE 2] A4S A3 20 o] A whef W TkA| eIl el 9 No Restrictions
A= e ZEAQIQA A Y7 = TrAE A 3 No Restrictions

Table 8: Document metadata for Ko-VDR Train Public.
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https://www.data.go.kr/data/15157109/fileData.do
https://www.data.go.kr/data/15107714/fileData.do
https://www.data.go.kr/data/15038527/fileData.do
https://www.data.go.kr/data/15088366/fileData.do
https://www.data.go.kr/data/15090298/fileData.do
https://www.data.go.kr/data/15154055/fileData.do
https://www.data.go.kr/data/15117879/fileData.do
https://www.data.go.kr/data/3071773/fileData.do
https://www.data.go.kr/data/15089055/fileData.do
https://www.data.go.kr/data/15145080/fileData.do
https://www.data.go.kr/data/15145081/fileData.do
https://www.data.go.kr/data/15156787/fileData.do
https://www.data.go.kr/data/15156699/fileData.do
https://www.data.go.kr/data/15156970/fileData.do
https://www.data.go.kr/data/15075905/fileData.do
https://www.data.go.kr/data/15117941/fileData.do
https://www.data.go.kr/data/3038031/fileData.do
https://www.data.go.kr/data/3038240/fileData.do
https://www.data.go.kr/data/15063835/fileData.do
https://www.data.go.kr/data/15117938/fileData.do
https://www.data.go.kr/data/15112219/fileData.do
https://www.data.go.kr/data/15076006/fileData.do
https://www.data.go.kr/data/15156776/fileData.do
https://www.data.go.kr/data/15117937/fileData.do
https://www.data.go.kr/data/15142321/fileData.do
https://www.data.go.kr/data/15076006/fileData.do
https://www.data.go.kr/data/15105424/fileData.do
https://www.data.go.kr/data/15024091/fileData.do
https://www.data.go.kr/data/15142329/fileData.do
https://www.data.go.kr/data/15061586/fileData.do
https://www.data.go.kr/data/15040380/fileData.do
https://www.data.go.kr/data/3081488/fileData.do
https://www.data.go.kr/data/15044488/fileData.do
https://www.data.go.kr/data/15039602/fileData.do
https://www.data.go.kr/data/15142243/fileData.do
https://www.data.go.kr/data/15153323/fileData.do
https://www.data.go.kr/data/15077372/fileData.do
https://www.data.go.kr/data/15145110/fileData.do
https://www.data.go.kr/data/15156813/fileData.do
https://www.data.go.kr/data/15150187/fileData.do
https://www.data.go.kr/data/15112345/fileData.do
https://www.data.go.kr/data/15090118/fileData.do
https://www.data.go.kr/data/15112343/fileData.do
https://www.data.go.kr/data/15086396/fileData.do
https://www.data.go.kr/data/15151306/fileData.do
https://www.data.go.kr/data/15049659/fileData.do
https://www.data.go.kr/data/15049659/fileData.do
https://www.data.go.kr/data/15156629/fileData.do
https://www.data.go.kr/data/15117914/fileData.do

