Accepted at NeurlPS 2025 Workshop on
Multimodal Algorithmic Reasoning
MAR 2025

SlideAgent: Hierarchical Agentic
Framework for Multi-Page Slide Deck
Understanding

Yigiao Jin*, Rachneet Kaur, Zhen Zeng, Sumitra Ganesh, Srijan Kumar
Nishan Srishankar and Kelly Patel

Georgia Institute
J P MOI’g dan of Teghnology

*Work performed as a Summer Intern at J.P. Morgan Al Research



Background & Motivation
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Infographics are structured visuals designed to

convey complex information.

o slides, posters, charts, reports

o Layout, visual hierarchy, and multimodal cues (e.g. color &
typography) play a key role in enhancing meaning beyond
plain text.

Multimodal Large Language Models (MLLMs) show
strong promise in multimodal understanding.
LLMs trained on natural images face challenges with = H H ;"

spatial relationships, document structure, and - ﬂ ﬂ £ = mﬂ
narrative flow. = T
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https://www.jpmorganchase.com/ir/quarterly-earnings
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Challenges

C1: Scalable Fine-Grained Reasoning
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C3: Metadata-Free Integration

e No reliance on metadata. NVIDIA 2Q25 Earnings
e In contrastto PDF-DLA, DocParser, and
PDF Plumber.


https://investor.nvidia.com/financial-info/quarterly-results/default.aspx

The product mix for GWP Q2 2015 includes
how many categories?
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Cropping or highlighting areas of interest significantly improves LLM accuracy.
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Gross written premium Q2 2015

GWP up 17%, from NOK 542 m to NOK 635 m

+ Continued product diversification




Contributions

e SlideAgent: a Hierarchical Agentic Framework

o  Analyzes multi-page, varying-size visual documents (C1)
o Inspired by the human information processing.

e Multi-Level Knowledge Construction
o  Structured knowledge representation of documents for effective retrieval and generation (€2, C3)
o Global: document-wide topics
o Page: page-specific features and cross-page relations
o Element: fine-grained components, e.g. charts, figures, and text blocks

e Superior Performance across open-source & proprietary models

o Consistent accuracy boost on top of base models
m  +7.9% on GPT-40 (SlideVQA)
m  +9.8% on InternVL3-8B (SlideVQA)

o  Agnostic to model architectures






Problem Statement
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+GWP in 2014: MNOK 2.374
+ Solvency capital of MNOK 1.956, investment portfolio ~ NOK 6.1 bn.
+ Market cap. 07 April 2015, NOK 5,71 bn

Outlook 2015:
GWPup 22 %
CR86%
Dividend policy:
® a—Theanswer
Target sol i

Goal: Retrieve relevant pages and elements; reason over complex visuals.

Note: We assume NO metadata about the slide deck is provided (e.g. element hierarchy / location).



Method - Overview of SlideAgent

Knowledge
Construction

Inference

N

]
Which country has ® .
the smallest GWP (9]
in the time range
described by the Agent
donut chart? Orchestrator

:j Which countries

are mentioned?
What does the donut
chart represent?
Which charts or
tables describe GWP
for Q2 20157

How does Denmark’s
GWP compare with
other countries?

Subquery
Generation

/Title Protector Forsikring Q2 2015
Investor Presentation

Objective Inform investors about the
company's performance in 2015, strategic
initiatives, and future outlook.

Reasoning From the
content summary ...

Structure Overview: ...

o Key Insights Answer  Norway
Agent Audience Investors and stakeholders in the
M insurance industry
g \Tone Analytical, informative, and optimistky
Global Knowledge ¥,
(" ) }
Purpose Detailed overview of Protector to

establish context for the Q2 2015 results.

easoning From the
description and visual

content on Page 4, we
see that ...

Summary The slide presents key facts ...

Link to Previous Builds on the introductory
slide by offering foundational information about
Page | the company, necessary for understanding its
Agent | Q22015 performance.

Answer Denmark

Takeaway Protector is a well-established,
financially robust non-life insurance company ...
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Method - Retrieval & QA Phase

Query Classification

Overall Idea / Global-level Query
Fact-based Direct Query

Multi-hop Reasoning / Comparative Queries
Layout / Visual Relationship Queries
Cannot decide

o e

Query Enhancement: Generate 5 related subqueries conditioned on both the original
query g and the deck summary ﬂ{g

Retrieval: Use both the query and subqueries to retrieve top k textual / visual elements
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Setting the contest for the
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Reasoning From the

description and visual
content on Page 4, we
see that ...

Answer Denmark

easoning We can
infer from Element 3
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Element Knowledge ¥,
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Individual activated agents generate an answer. An answer synthesizer
combines answers from all agents based on their reasoning processes.



Evaluation



Experimental Setup - Baselines

Type 1: Multimodal LLMs

e 15LLMsfrom 8 model families
e Proprietary Models: GPT-40, Gemini-2.5/2.0,
Claude-4.1/3.5

Sy Cemini

e Open-source Models: Llama-3.2, InternVL3-8B, k= Claude
Phi-3-vision, Qwen2.5-VL, LLaVA-1.5/1.6
Type 2: Multimodal RAG @ Qwen 'I,/’ In_l_ernVL
”

e VIisRAG, VDocRAG, COLPALI

Type 3: Multi-agent Systems Pl«;i:t 3 m fg\‘

e ViDoORAG



Datasets

Multi-page Understanding

e SlideVQA[1]
e TechSlides and FinSlides [2]

Single-page Understanding

e InfoVQA [3]

[1] Tanaka et al. SlideVQA: A Dataset for Document Visual Question
Answering on Multiple Images. AAAI 2023.

[2] Wasserman et al. REAL-MM-RAG: A Real-World Multi-Modal
Retrieval Benchmark. ACL 2025.

[3] Mathew et al. InfographicVQA. CVPR 2022.

w THE SOCIALSCAPITAL PARTNERSHIP
[ ] -
o* No, seriously...

(Ad)Venture Capital:

What are we funding and why?

Mamoon Hamid, The Social+Capital Partnership

Question: Why did the author invest 1M in
the Seed for greenhouse?

Answer: Strong team and market conviction
and early customer validation.



Experimental Setup - Metrics

Num: Numeric Comparison using Exact Match

e When numeric values are present in the answer
e Normalize the answer and compare with GT
e 8k/8,000/8thousand/8.0x10% > 8000

F1: String Comparison w.r.t. F1 score

e Tokenize into individual words
e The capital of France is Paris > ["The", "capital", "of", "France", "is", "Paris"]

Calculate precision / recall / F1-score
o  Precision: % overlapping tokens in predicted
o  Recall: % overlapping tokens in GT

Overall: Average between Num & F1
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Quantitative Results



Performance - Proprietary

When GT pages NOT provided

e SlideAgent consistently outperforms Type
2/3 baselines (GPT-40 based) and base
models across all metric.

e SlideVQA: +7.9 Overall, +8.3 Num, +6.5 F1

SlideAgent’s structured reasoning pipeline
can fill the gap (77.0 > 84.9) w.r.t. strong
models like Gemini-2.5 (83.8).

When GT pages provided

e Improves over the proprietary model (+7.7

overall and +12.5 numeric on SlideVQA

w/ Retrieved Pages

Model SlideVQA TechSlides FinSlides
o0e Overall Num Fl | Overall Num Fl | Overall Num FI
Multimodal LLMs (Type 1)
Gemini 2.0 75.0 713 798 50.4 67.6 41.6 70.8 706 778
Gemini 2.5 83.8 783 91.8 51.1 714 412 76.2 75.8  100.0
Gemini 2.5-lite 71.2 60.8 87.0 473 58.1 419 57.0 56.6 68.3
Claude 4.1 78.4 743 823 61.0 814 523 56.5 548 733
Claude 3.5 62.5 68.3 54.6 52.5 80.2 395 48.5 495 29.6
GPT-40 77.0 72.1 84.0 63.4 783 539 80.0 80.8 62.1
Multimodal RAG (Type 2) and Agentic Methods (Type 3)
COLPALI 78.8 73.7 834 64.1 732 545 80.9 81.5 627
VisRAG 78.2 73.1 854 64.7 72.6 547 79.2 81.1 758
VDocRAG 80.0 75.0 878 67.0 80.5 57.0 83.5 838 642
ViDoRAG 81.1 76.4 88.1 68.7 782 594 822 833 65.1
SlideAgent 849 804 905 (| 709 825 66.2 855 859 796
Impr. | +7.9 483 +65| +75 +42 +123| +55 450 +175
w/ Ground-truth Pages
Model SlideVQA TechSlides FinSlides
Overall Num F1 | Overall Num Fl1 | Overall Num FIl
Raw Models
Gemini 2.0 86.3 81.0 903 | 59.7 60.0 59.6 | 78.1 77.8 889
Gemini 2.5 89.0 85.7 932 | 615 65.0 59.5 | 76.6 764 833
Gemini 2.5-lite | 81.8 75.5  90.1 56.3 550 57.0 | 78.1 784 66.7
Claude 4.1 85.7 824 89.7 | 58.0 775 483 | 526 520 60.8
Claude 3.5 58.2 64.0 509 | 558 83.7 425 | 478 48.0 403
GPT-40 79.4 719 864 | 645 77.1 58.0 | 83.0 843 80.1
Multimodal RAG and Agentic Methods
ViDoRAG 81.8 73.8 87.0 | 658 78.0 587 | 842 847 815
SlideAgent 87.1 844 90.6 | 687 825 615 858 859 856
Impr. | +7.7 4125 +42| +41  +54 +35| 428 415 455




Performance - Open-source

Strong Gains: +9.8 overall and
+11.7 numeric over InternVL3-8B.
Outperforms open-source models
(except for Qwen2.5)
Model-agnostic: can further
advance LLMs like Gemini-2.5 and
Qwen2.5.

w/ Retrieved Pages

Model SlideVQA TechSlides FinSlides
Overall Num F1 | Overall Num F1 | Overal Num Fl1
Multimodal LLMs (Type 1)
Llama 3.2 11B 429 433 423 | 414 525 362 | 233 232 262
Phi3 723 61.8 90.6 | 594 60.0 59.1 48.8 485 643
Qwen2.5 7B 79.5 70.5 943 | 593 525 659 | 536 525 857
Qwen2.5 32B 79.2 711 922 | 675 875 606 | 574 56.6 87.5
LLaVA 1.57B 36.8 224 790 | 233 125 387 10.7 10.1 16.6
LLaVA 1.513B | 449 251 81.8 | 28.1 175 450 | 206 16.5 36.7
LLaVA 1.6 7B 50.9 373 826 | 344 375 322 12.2 121 17.8
LLaVA 1.6 13B 16.7 102 815 | 452 40.0 49.1 32.0 313 643
InternVL3 8B 63.0 56.5 74.1 55.4 575 544 | 4938 495 643
Multimodal RAG (Type 2) and Agentic Method (Type 3)
COLPALI 63.4 56.7 738 | 57.1 609 552 | 504 493 65.7
VisRAG 63.6 565 755 | 56.8 577 554 | 511 496 652
VDocRAG 65.2 59.7 770 | 592 60.7 583 | 518 50.1 659
ViDoRAG 68.8 619 773 | 614 619 593 | 527 554  66.6
SlideAgent 72.7 682 794 | 63.1 780 61.7 | 633 62.8 68.3
Impr. | +9.8 4117 +54 | +7.7 4205 +23 | +135 +133 +4.0
w/ Ground-truth Pages
Model SlideVQA TechSlides FinSlides
Overall Num Fl | Overall Num Fl | Overall Num Fl
Raw Models
Llama 3.2 11B 44.6 52.1 346 | 47.1 62.8 39.3 39.1 39.2 335
Phi3 78.3 69.1 91.6 539 674 472 | 638 63.7 65.1
Qwen2.5 7B 85.1 717 953 5717 69.8 51.8 52.7 520 778
Qwen2.5 32B 87.4 826 937 | 496 62.8 432 69.5 69.6 65.1
LLaVA 1.57B 429 279 799 | 246 150 394 142 144 209
LLaVA 1.513B | 46.7 295 83.1 292 17.5 46.6 23.8 203 412
LLaVA 1.6 7B 59.0 458 842 36.2 40.0 34.0 16.0 152 213
LLaVA 1.6 13B 62.3 482 87.1 54.7 62.5 495 352 30.7 67.6
InternVL3 8B 73.3 654 857 | 584 705 I 56.3 559 65.6
Baseline methods based on InternVL3-8B
ViDoRAG | 76.3 68.1 899 | 613 75.1 539 | 584 58.7 673
SlideAgent 82.8 753 933 64.6 795 58.0 | 628 62.6 68.1
Impr. | +9.5 498 +76| +62 474 +64 | +65 467 +2.5




Ablation Studies

e w/oP (Page): -6.3 overall (-9.5 numeric)

and InternVL3-8B -8.8 overall. Variants of SlideAgent (GPT-40)

e Page knowledgeisimportant asit 100 Re::'fgve PROES g G’°‘Z.T!i;fni”“‘ rages
integrates global themes .#_ and > 2 1 f
sequentialcontextd{pi'l ) :: " ) :: "

e w/oE (Element): -4.6 overall for GPT-40; E N § N
6.3 for InternVL3-8B. £ . §

e w/o G (Global): minimal impact 201 70/

e w/oS (Subquery): larger losses under 65 651

retrieval (—5.0 GPT‘40; -11.3 InternVL3‘8B) 00 verall Numeric  F1 00 verall Numeric  F1
than with ground-truth pages



Performance - Retrieval

Text-based Retrievers ‘ MRR  Recall@l nDCG@1 Recall@3 Hit@3 nDCG@3
BM25 (Robertson et al., 2004) 59.0 51.5 52.0 63.0 65.3 57.7

w/ SA 63.9 149 54.9 134 56.6 146 67.1 141 68.8 435 62.6 +49
BGE (Xiao et al., 2023) 70.1 56.1 60.9 75.8 78.1 69.2

w/ SA 723 22 58.4 23  63.2 +23 774 116 80.3 +22 71.3 +2.1
SFR (Meng et al., 2024) 70.1 56.1 60.9 75.8 78.1 69.2

w/ SA 76.5 64 59.9 138 694 1385 773 +15  81.8+437 73.2 +40
Multimodal Retrievers ] MRR  Recall@l NDCG@1 Recall@3 Hit@3 NDCG@3
SigLLIP2 (Tschannen et al., 2025) | 26.7 15.9 18.0 31.0 34.0 25.0

w/ SA 28.0 +13 16.3 <04 18.0 +0.0 323 +13 355415 26.1 411
COLPALI (Faysse et al., 2024) | 82.1 68.2 75.5 78.9 84.0 77.4

w/ SA 82.9 w08 704 22  76.2 +07 88.6 197  90.1 +6.1 83.1 +57
VisRAG (Yu et al., 2025) 76.0 63.3 68.6 82.3 84.1 76.0

w/ SA 79.7 37 66.3 30  71.6 430 855432  87.7+36 79.4 134

e Can the constructed knowledge ﬂ{p enhance text-based / multimodal retrieval?
e Text-based retrievers show largest gains, rivaling multimodal retrievers.
e Multimodal Retrievers have smaller but consistent gains.



Correctness by Cases

e Particular boost in multi-hop

. Correctness by Case GPT-40 Correctness by Case InternVL
reasonlng (Case 3’ +98 from % > SlideAgent % SlideAgent
67.4 to 77.2) and visual/layout | T8 ol interntt
questions (Case 4, +7.7).

e Modest gain in global g™ A
understanding (Case 1, +2.1) gso_ §60_
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What does poor visibility of economic performance
and drivers by customer segments result in?

AGILE

Agenda

l The Changing Landscape — What clients want

Evolving A Needs Based Approach To Wealth
Management

. Technology As An Enabler

. Wealth Management Today

. About Agile Financial Technologies

—

ACILE MealtiiManagement - The Effect

AGILE

WealtiiManagement — The Cause

AGILE

Agenda

l WealtiiManagement Today

R ———

Evolving A Needs Based Approach To Wealth
Management

l TechnologyAs An Enabler

ample -

Globa
Agent

Element
Agent

w

nswer: Cannot derived.

Reasoning: The question is not directly addressed in
the deck's summary. However, pages immediately
following page 2 might contain the answer because
they describe the cause and effects of wealth
\management today.

/ Answer: Business under-performance.

Reasoning: Analyzing the page descriptions,
especially Page 4, it is clear that the diagram outlines
several core problems leading to business under-
performance in wealth management. One of these
core problems is "Poor visibility of economic
performance and drivers by customer segments."
This issue results in business under-performance, a
broader term encompassing various negative impacts
on the company's financial health and operational
efficiency. Without clear visibility into how different
customer segments are performing economically and
what drives their performance, the company struggles
to optimize its strategies and services effectively,
\Ieading to overall under-performance.

A

Answer: Business under-performance.

Reasoning: On the slide "Wealth Management - The
Cause," the element specifically pointing to "Poor
visibility of economic performance and drivers by
customer segments" is positioned in the flowchart,
which is linked to "Business Under-performance."

g

VAN

Answer
Synthesizer

Business
under-
performance

J

Global agent gives a general scope. Page/element agent performs finer-grained reasoning.



Conclusion

Framework: SlideAgent, a hierarchical agentic framework

Insight: Element-level parsing & reasoning is crucial

Future Work: address user queries in an iterative manner.
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