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Problem

Method

Results

Industrial corpus RAG fails when chunks lose their parent section, cross-
page continuation, or figure-caption binding. Existing parsers ignore visual
cues or produce fragile token sequences that miss document structure.

Our idea

Recover a global document dependency tree first, then build chunks from
section subtrees — preserving page spans and figure/caption bindings.

Contributions

1. Multi-modal dependency scoring. Biaffine head over LVLM SoftROI block
embeddings.

2. Global MST tree decoding. Single-root, acyclic — with cross-page parent-child
links.

3. Tree-guided chunking. Section-subtree DFS + figure-caption binding.

Takeaways

1. Industrial corpus RAG is a dependency-recovery problem.
2. Hierarchy + retrieval + QA all improve under shared blocks.

3. DP, OCR, LVLM, retrievers swap W|thout changing chunks.
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Paper

(a) SharedDet (DP + OCR) — (b) LVLM multi-modal block embedding — (c) biaffine + MST tree decoder — (d) structure-aware chunking.
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Figure 1. M3DocDep pipeline overview.
M3DocDep Qualitative Example B

Real PDF case: mixed document blocks are parsed into a dependency tree, then converted into a structure-aware chunk card.

Question

For the trolleybuses in Wellington with the same body as the one that has fleet numbers 101-119, what chassis are listed?

Needed dependency: vehicle section -> fleet-table row -> chassis field.
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1. Raw PDF pages + Iayout detection 2. Dependency tree view 3. Structure-aware chunk card
Sta t from pa g |mag s, then de t ct text, ﬁg nd-tableblocks presentation view of recovered blocks and their useful links actual retrieval-card fields produced from dependency chunks
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Raw PDF page 4 R aw PDF page 5 [p1-2: Trolleybuses ] card_id doc#win#sec_vehicles#0
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R ocument title card_type window
e path_str Trolleybuses in Wellington > Vehicles
p4-178: Vehicles page_span 10
section header chunk_ids sec_vehicles

L 4 Serialized card text

parse vehicle text photo + caption p5 -202: Fleet make card i .
body blocks visualblock | tableblock Header path in text

—lin —ln # Trolleybuses in Wellington
## Vehicles
( i B section headings are serialized with the chunk body
Layout detection on selected page: text + figure + table \
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Relevant content inside text
fleet numbers 101-119

[ Body ] [Chassis J chassis: BUT RETB/1
New Zealand Motor Bodies BUT RETB/1 stored inthescardisieanialized text Hald

The important dependency is not the whole page: it is the section path plus the Linketvistal/tablerblacks

. = specific table row and answer column. figure block: ps-180
L= 5 o = = 2009-built DesignLine trolleybus
7/ e = has_figure=True, has_table=True

. A e o

Reader output on the retrieved chunk card

(Predicted answer BUT RETB/1 ] Gold answer BUT RETB/1 [Match correct ] Evidence path: Vehicles section + fleet row 101-119 + Chassis column.

Takeaway
Raw PDF blocks are noisy and mixed, but the dependency tree narrows the retrieval unit to the Vehicles section and the exact fleet-table row. The reader then sees the answer column in context.

+10.6% +9.8%

avg retrieval nDCG gain avg QA ANLS gain
range +1.1 to +15.3% across 4 corpora range +4.5 to +15.3% across 4 corpora

Relative improvement over the strongest chunking baseline (MultiDocFusion) on DUDE - MP-DocVQA - CUAD - MOAMOB.
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A vs. MultiDocFusion

DUDE 21.4
MP-DocVQA 18.2
CUAD 29.3

MOAMOB 27.1

Document Hierarchical Parsing (DHP) — F1 / STEDS (%)

+2.84

+2.02

+1.87

+1.18

HRDS HRDH DocHieNet
Qwen2.5-VL (LVLM only) 28.4/ 14.5 27.6/ 20.0 18.2/ 9.6
DSPS 65.3/59.6 54.1/ 38.4 35.6/23.8
DSHP-LLM 44.9 / 29.5 61.3/51.3 64.3/53.5
M3DocDep (ours) 82.9/76.5 77.8/71.7 76.0/70.8

Ablation — STEDS drop

No cross-page edges

MST — local argmax

Robustness — top-1 under all component swaps

3 DP backbones (DETR - DiT - VGT) - 3 OCR engines (Tesseract - EasyOCR - TrOCR) - 4 embedders (BGE - E5 - BM25 - MM-Embed)
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