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LILaC: Late Interacting in Layered Component Graph for
Open-domain Multimodal Multihop Retrieval

Problem Description
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Limitations of Previous Works

Multimodal Rocuments Multimodal Document Retrieval - X ~
In the _
* Real-world doguments are gften\multimodal. (f‘-lven a datasource D, a link mapping £ and a query q,.correctly retrieve a ranked “how many slender minarets surround the —— FO u r
* e.g., wehpages, PDFs, presentatibn slides, and way more! list of components R = [(y, ..., C;, . ]. R should containthe ground truth set of —V~
< . ’ ’ . ’ . . compohnents {C C } e \ Central dOme? )
* Accurate qué¢stion-answerjng involveg correctly resolving the P gty o gty <

relationships between thel components.
* Compgnent: a multimodal element (i.e., text/table/image)
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atasource D = {Dy, ..., kaoc} Taj Mahal

The Taj Mahal is an ivory
white marble mausoleum on
the right bank of the

________________________________________

* DocumentD = [Cl,---,Ckcomp]

Shah Jahan commissioned many
monuments, including the Red

the Taj Mahal

ComponentC € {P,T, I}
* P:passage, T: table, I:image

|Docu ent

Taj Mahal

| Taj Mahal

I Pdragraphs | Images
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! % | e LinkmappingL=C—->D river Yamuna in Agra, India.
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o K " oo : e o= o et A=l Minarets? Not a word
- d% = | ! CE T : —=|hah Jahan commissioned many | /|==Jhe picture captures a classic, : about them!
v \F : LDy =R (D [ 2 ‘4 ooe | I S ©) — ¥ | monuments, including the Red ' | head-on view of the Taj Mahal in ! :
| | ' r || SS9 Y =T __ I | " ; : < 2 © | Fort, Shah Jahan Mosque and ' | Agra, India. The ivory-white marble
: S K I Rl hdd Retriever I 9_:. 9 ‘F’U ' the Taj Mahal ' | mausoleum dominates the scene :
. R SSI— : G—? I [(AAADD[D (e ' o __ ' - R ' | with its large central onion dome. ! - 4
r Tables . i D2 —J - =lI=l|=|I1= ‘ 000 | ! ) (- I e o e e e e e e e e e e e e e e e e I
________ T T i =) Evegu=sS™s E Question-related = c || | ’ ‘
An ekample webpage How we mddel a multimodal document components R C | --------mmm e
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Keys to Ac#:u rate Multimodal Document Retrieval see shah |(Everything's
Jahan... crammed
* Modality preservation o L but no trail || into one
e  Consi . . . _ < W = to follow! || screenshot!
onsideration of fine-grained granularity: o o T
v
D |‘:|| % |=_]| H D, Paragraph -> sentences, Table -> rows, S g & N
A Image -> detected objects — L g;
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* Multimodal multihop reasoning: Exploit both inter- : ' ~
document links and intra-document relationships ViSRAG Retriever
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The LILaC Algorithm
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Edge-level Late Interaction

Brief Explanation about LILaC

Layered Component Graph (LCG)

* Builds a two-layer graph of each document: coarse nodes (paragraphs, tables, images) and fine nodes (sentences, rows, detected
images).

* Adds edges for (i) hierarchical containment (coarse - fine) and (ii) navigational links (within a document clique + cross-document
hyperlinks) to support multihop reasoning.

LLM-driven Query Decomposition
* Splits the query into modality-specific subqueries (text/table/image) and embeds each.

Late-Interaction Subgraph Retrieval
* Seed: conduct a kNN search to find top-b query-relevant components.
* Traverse: iteratively perfom beam search

1. Perform one-hop expansions from an existing subgraph.

2. Leave the top-b query-relevant edges.

» Late-interaction edge score calculation: s(e; Qsyp) = 2geq,,, Max sim(c, q)
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Evaluation
Retrieval Accuracy Question Answering Accuracy
MP-DocVQA SlideVQA InfoVQA MultimodalQA MMCoQA MP-DocVQA SlideVQA InfoVQA MultimodalQA MMCoQA
Algorith E :
gorithm mbedder Iype | @3 MRR@10 | R@3 MRR@I0 | R@3 MRR@I0 | R@3 MRR@I0 | R@3 MRR@10 Algorithm MUIM 'EM F |EM F |EM Fl |EM Fl | EM Fl
NV-Embed-v2 Text 6785 6191 | 8849 7955 |8621 8086 |60.19 6786 | 46.16 4145 NV-Embed-v2 Qwen2.5-VL 7B | 56.51 63.16 | 5377 64.41 | 60.72 63.40 | 37.23 43.85 | 28.05 34.67
VisRAG-Ret - 83 25 7555 91.55 84.30 9276 86.22 50.08 5508 27 .63 23.75 V%sRAG—Ret MiniCPM V2.6 | 54.31 68.86 | 43.88 62.37 | 50.83 57.55 | 28.18 34.01 | 21.51 27.87
ColPali age 80.71 74.86 8939 81.55 88.30 82 76 58.73 65.05 36.24 3233 VisRAG-Ret Qwen2.5-VL 7B | 65.34 7224 | 55.03 66.13 | 60.16 6193 | 22.24 25.55 | 16.69 20.90
ColPali Qwen2.5-VL 7B | 64.46 71.16 | 53.77 64.54 | 58.07 60.38 | 23.59 2737 | 18.07 22.30
LILaC (w/mmES) | 61.25 5530 17752 6880 | 7509 69.86 | 5479 59.02 ) 48.88  40.30 LILaC (w/ mmE5) Qwen2.5-VL 7B | 52.96 59.53 | 50.89 59.07 | 50.12 53.12 | 40.72 47.46 | 33.90 40.38
LILaC (w/ UniME) Multimodal | 77.83 7142 | 8435 7793 | 8228 7527 | 58.52  6l44 | 49.63  42.97 LILaC (w/UniME) | Qwen2.5-VL 7B | 6243 6940 | 53.05 62.89 | 53.39 56.86 | 43.42 49.72 | 3339 40.12
LILaC (w/ MM-Embed) 83.59 7875 | 9281 8443 | 9317 8683 | 69.07 7528 | 55.80  50.77 LILaC (w/ MM-Embed) | Qwen2.5-VL 7B | 65.48 72.42 | 5557 66.32 | 60.91 62.87 | 44.57 51.97 | 36.31 43.22
Ablation Study Runtime Analysis
MP-DocVQA SlideVQA InfoVQA MultimodalQA MMCoQA e 16007 e
. 35001 ; / 1356
Embedder Model | Varlant R@3 MRR@I0 | R@3 MRR@I0 | R@3 MRR@I0 | R@3 MRR@I0 | R@3 MRR@I0 sogg | L Seneration -
LILaC (w/o LCG & QD) | 4890 4397 | 7591  68.13 |6560 5855 |4299 4692 |4122 3451 _ 2500- 5 10
mES LILaC (w/o QD) 60.81 5502 |74.14 6758 | 6770 6001 | 4515 5112 | 4418  36.62 £ 3000 5 w00
LILaC 6125 5535 | 7680 6899 |6891 6118 |5478 5932 | 4854  40.22 £ 1500 " 0o
LILaC (w/o LCG & QD) | 52.12 4531 | 8147 7122 | 8357 7707 | 4768 4906 |4578 3841 1000 4001
UniME LILaC (w/o QD) 7783 7127 | 8345 7570 | 8511 7801 | 5218 5401 |47.11 3985 ot 200- o w0
LILaC 7783 7139 | 8435 7793 | 8553 7881 |5843 6132 | 4945 4291 . e _ , . _
NV-Embed-v2  VisRAG ColPali LILaC Dams B Emhe, e (GARSRCG
LILaC (w/o LCG & QD) | 75.80  69.09 | 92.80 8219 |9039 8371 |61.10 6735 |4794 4375 -
MM-Embed LILaC (w/o QD) 8223 7775 | 9227 8320 | 9217 8553 | 6319 6991 |50.18 4559 (a) Average runtime (b) Breakdown of LIl aC
LILaC 8359 7875 | 9281 8443 | 9317 8683 |69.07 7528 |5580  50.77
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