
• Main Result

- 99.87% of ColQwen2.5 R@1 while reducing FLOPs by 99.82%

• Comparison with Efficiency-oriented Variants of Multi-Vector Models

- HEAVEN achieves the best efficiency-accuracy trade-off

Hybrid-Vector Retrieval for Visually Rich Documents: 
Combining Single-Vector Efficiency and Multi-Vector Accuracy
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• [Stage 1] Single-Vector Retrieval of Candidate Pages 

- Visually-Summarized pages (VS-pages): Compress multiple pages into 

single VS-pages by assembling representative title layouts

- [1] Candidate VS-page Retrieval  → 𝒞

- [2] Candidate Refinement: Combine VS-page + page scores   →  𝒞𝐾

• [Stage 2] Multi-Vector Reranking of Pages

- Key tokens: Filtered query tokens by linguistic importance (≈30%)

- [1] Reranking with Key Tokens  → 𝒞∗ 

- [2] Reranking Refinement: Combine Stage 1 + Stage 2 scores 

• [Observation 1] Efficiency-Accuracy Tradeoff

- Single-Vector retrieval is efficient (up to 99.94% fewer FLOPs) but coarse

- Multi-Vector retrieval is accurate but computationally expensive

• [Observation 2] Single-Vector is Acceptable for Coarse Retrieval

- The performance gap narrows from 22.5% at K=1 to only 0.63% at K=200

• Visual Document Retrieval (VDR): Retrieving relevant pages from a corpus 

of visually rich documents (pages contain charts, tables, and figures)

• Key Observations

- O1. Single-Vector is significantly more efficient than Multi-Vector 

- O2. Single-Vector is acceptable for coarse-grained retrieval, but 

insufficient for fine-grained retrieval.

• Proposed Method: HEAVEN

- Plug-and-play Two-stage Hybrid-Vector Retrieval framework 

- Stage 1. Single-Vector candidate retrieval using VS-pages 

- Stage 2. Multi-Vector reranking using Key tokens

• Proposed Benchmark: ViMDoc

- Benchmark for Visually rich + Multi-document + Long-document Retrieval

- Enables evaluation over a Large Search Space

• Experimental Result

- 99.87% of ColQwen2.5 R@1 at only 0.18% of its FLOPs (−99.82% FLOPs)
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• Visual Document Retrieval (VDR): Retrieve relevant pages from a 

document corpus with visually rich content (charts, tables, figures)

- Traditional: OCR or complex layout parsing → process into text 

- Recent LVLMs: Encode each page directly as an image → no OCR needed

• Retrieval Frameworks:

- Single-Vector Retrieval: Single embedding per Query/Page 

- Multi-Vector Retrieval: Multiple Token/Patch embeddings per Query/Page 

→ MaxSim aggregation

Proposed Benchmark: ViMDoc

- Benchmark for visually rich, multi-document, and long-document retrieval

- Query Processing: Two-stage Filtering retains only self-contained queries 

→ Enables evaluation over a large, 
multi-document search space
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