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You might (hopefully) know me from …

Document UnderstanDing of Everything (DUDE) 😎

Jordy Van Landeghem, Rubén Tito, Łukasz Borchmann, Michał Pietruszka, Paweł Józiak, Rafał Powalski, Dawid Jurkiewicz, Mickaël Coustaty, Bertrand Ackaert, Ernest 
Valveny, Matthew Blaschko, Sien Moens, Tomasz Stanisławek. Document Understanding Dataset and Evaluation (DUDE), [ICCV 2023]/ICDAR 2023

https://www.google.com/url?q=https://openaccess.thecvf.com/content/ICCV2023/papers/Van_Landeghem_Document_Understanding_Dataset_and_Evaluation_DUDE_ICCV_2023_paper.pdf&sa=D&source=editors&ust=1788111177111322&usg=AOvVaw2s16DrmbnrzPbjKxmcDPKS


Or more recently…. 

MADQA / Strategic Navigation or Stochastic Search? How Agents and 
Humans Reason Over Document Collections

Borchmann, Ł., Van Landeghem, J., Turski, M., Padarha, S., Kearns, R.O., Mahdi, A., Rogge, N., Fourrier, C., Han, S., Yao, H. and Llabrés, A., 2026. 
Strategic Navigation or Stochastic Search? How Agents and Humans Reason Over Document Collections. [ICML 2026] (oral) 

https://www.google.com/url?q=https://openreview.net/forum?id%3Dds3ZOevkwx&sa=D&source=editors&ust=1788111177221016&usg=AOvVaw0xNQJT9L1RbsiYPbSed6Io


Agenda

01
Reality checks from 
industry

From benchmark performance to 
production automation

Why f(x) = y stops being 
enough, and why a loop is 
needed at all

02
The inner loop
1. Representation
2. Search
3. Evidence
4. Action

Where agents can help, one 
uncertainty question per stage

03
The outer loop

● Experience & Feedback
● Memory (remember, 

promote, compile)
● Don't waste experience
● Open Research frontier



01
Section 01

Reality checks
Traditional DocAI vs. Modern Requirements



Problem statement

Two very different objectives

f(x) → y

Goal benchmark performance

Unit model / prediction

Accuracy primary metric

Failure wrong prediction

Logic mostly learned

Learning train → deploy

ENTERPRISE DOCUMENT AI

document → evidence → action → outcomes

Goal automation + trust

Unit end-to-end system

Accuracy upper bound on automation

Failure wrong + what happens next? (verify/trace/escalate)

Logic prediction + rules + workflow

Learning experience → feedback → improve

A benchmark asks, “Was the answer right?” 
Production asks, “Can the process run reliably, cheaply, auditably, and at scale?”

DOCUMENT UNDERSTANDING



What form does f(x) typically take? 

f(x)_per_field.json

Schema Output Trust Values)

{

"value": "Extracted Data",

"confidence": 0.97,

"provenance": {

    "source_page": 1,

    "bounding_box": [120, 45, 200, 80]

  }

}from google.genai import types   

with open(file_path, "rb") as f:

     data = f.read()

part = types.Part.from_bytes(data=data, 

mime_type=mime_type)



OBSERVED SILENT FAILURE 

Is VLM(Document) → Structured Output sufficient?

GRITS

78.4 → 96.0
after removing the continuous confidence 
request

self-judging every value while transcribing a long table created an escape hatch.

INSTABASE PR #81802 · BENCHMARKS PR #550

Verbalized confidence induces silent truncation & non-determinism



New problems to solve, stochastic control over loops

Enterprise Reliability Requirements

● Automation (adaptivity)

● Defensible failure handling 
(confidence/validations)

● Auditability (provenance)

● Long context handling (structured 
transcription)

● Determinism (stable behavior)

● Continual learning (production flywheel)

The Paradigm Shift

Reliable DocAI is built around stochastic intelligence.

The future belongs to systems that spend intelligence 
where it counts, adapt strategy under uncertainty and 
explain why we should trust the result.

For Researchers

Measurable questions across the loops
This paradigm opens critical new paths to explore 
representation, retrieval, evidence, decisions, and 
learning throughout the execution cycle.



D E S I G N I N G   R E L I A B L E   A G E N T   L O O P S

The agent loop, inside the feedback loop
Before full autonomy — it's a reliable, engineered system.

FEEDBACK LOOP — THE SYSTEM LEARNS

AGENT LOOP — THE WORK HAPPENS

◀

REPRESENTATION

What is here?
SEARCH

Where is it?

ACTION

What should I do?
EVIDENCE

Can I trust it?

Experience Feedback→ →
Change the system

Remember Promote

Compile



Section 02

Inner Loop
REPRESENTATION

What is here?



1 · REPRESENTATION

What is actually in the document?

Can we represent the document faithfully?

text layout

tables charts

formatting reading order

visual relations spatial semantics

OBSERVATION 

No method consistently dominates tables, charts, 
content faithfulness, formatting, and visual grounding.



How would you read this complex document? 
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1 · REPRESENTATION - example



So we built an Agent that thinks with the documents

Document Analysis 
& Planning

Complex 
Unseen 
Documents

Quality_assessment:
- Overall_quality: Medium
- Text_readability: Fair
- Image orientation: Incorrect (rotated)
- Color quality: Washed out

Preprocessing recommendations:
- Page Number 1:
- Apply minor noise reduction to 

remove faint lines on the left 
margin (optional).

- Rotate the image 12° clockwise.
- Apply table extraction to capture 

transaction data.
- Decode postal barcode if its 

information is relevant.

Preprocessing Tools are 
applied on each page 
wherever required on 
parallel.

Not all pages or 
documents get 
processed, processing 
happens only where 
necessary

Tools at our disposal:
- Denoise Tool
- OCR Engines
- Table Recognition
- Deskew Tool
- Specialized VLMs
- … 
 

Documents are 
now best 
represented for 
MLLMs

Agentic 
Planning & 
Execution

Selective Tool Execution

Research question: Can agents 
optimize the accuracy / latency / cost 
frontier per document?



Section 02

Inner Loop
SEARCH

Where is it?



2 · SEARCH

Where is what I need?

WITHIN ONE DOCUMENT

100-page document

↓
find relevant regions

↓
crop

ACROSS A CORPUS

1M PDFs

↓
find relevant documents

↓
find relevant regions

Same fundamental operation. Different scale.

01 / CORPUS
Documents

02 / REGION
Pages

03 / CROP
Target Evidence



SNOWFLAKE GSLIDES THEME 2026.01

HOW AGENTS AND HUMANS
REASON OVER DOCUMENT 
COLLECTIONS?



SNOWFLAKE GSLIDES THEME 2026.01

ICML 2026

MADQA Benchmark. Collection of Documents



SNOWFLAKE GSLIDES THEME 2026.01

ICML 2026

Leaderboard https://huggingface.co/spaces/Snowflake/MADQA-Leaderboard

https://www.google.com/url?q=https://huggingface.co/spaces/Snowflake/MADQA-Leaderboard&sa=D&source=editors&ust=1788111183292757&usg=AOvVaw011vkoJDe1Z3zYJbHCuZtX


The best LLM agents can now 
match human accuracy in 
document intelligence tasks.

But they solve problems 5 
times less efficiently.

And both humans and 
machines hit a performance 
ceiling. Is the answer correct 

and actionable?
Is the answer well 
grounded?

Is the effort the agent 
invested justified?

Correctness Attribution Efficiency



SNOWFLAKE GSLIDES THEME 2026.01

ICML 2026

Findings

Simple Agentic Systems Can Outperform 
Strong, Static RAG, e.g.:

Static RAG 
Service Acc. BM25 

Agent Acc. Δ

    Gemini Gemini File 
Search 78.6 82.2 +3.6

    GPT OpenAI Assistants 
File Search 50.0 67.8 +17.8



SNOWFLAKE GSLIDES THEME 2026.01

ICML 2026

REV 01.05.24

Adaptive compute: effort calibration? 



Section 02

Inner Loop
EVIDENCE

Can I trust it?



EVIDENCE · VISUAL COMPLEX  RECOGNITION

Can I trust what I found? 

BASELINE PREDICTION
2, 5, 6, 9, 11, 12, 14, 15, 18, 19, 20 ❌
IDP-AGENT PREDICTION
2, 5, 6, 8, 9, 11, 12, 14, 15, 18, 19 ✅

"The corrected list matches the 'Total' 
(合計) count of 11 provided in the 
image by resolving circled marks."
Agent resolved complex handwriting 

PHENOMENA OF INTEREST: Handwriting Recognition (HWR) • Small/Fine Print in Forms • Non-Latin Scripts • Visually Complex Reasoning (checkboxes, circles, cross-outs)

Provenance Crop-Based Agentic Reflection

First-pass
extraction

First-pass
extraction → Provenance /

location → Crop → Inspect and
verify

Find smallest context that can test the claim.
Reflection turns evidence into automation (or trust).



Section 02

Inner Loop
ACTION

What should I do?



4 - Act 

What should I do? 

ROUTING ENGINE

Dynamic Compute Allocation
Once evidence is gathered and verified, the 
system must decide what should happen next 
and what entity should perform it. The agent 
routes the action to the most appropriate 
substrate.

01 Model Classes
LLMs, VLMs, and specialized models selected 
dynamically for reasoning and unstructured 
processing.

02 Deterministic Workflows
Parsers and predefined logic paths utilized when 
execution must remain strictly bounded and 
reliable.

03 Code & Human Execution
Python playbooks, direct SQL queries, or 
escalation to human experts when high-fidelity 
execution is required.



Example 1: Routing according to complexity/cost-effectiveness

Document 
(polished) 
representation Route data to 

different models 
based for various 
tasks

Multimodal 
Specialist

Table Specialist

Lightweight structured 
output Specialist



Example 2: structured data reconciliation



Example 3: boundary condition of human escalation





Section 03

Outer Loop

FEEDBACK LOOP — THE SYSTEM LEARNS

Experience Feedback→ →
Change the system

Remember Promote

Compile



Experience compression spectrum (Zhang et al. 2026)

https://www.google.com/url?q=https://arxiv.org/pdf/2604.15877&sa=D&source=editors&ust=1788111185660813&usg=AOvVaw0b2rY7EJvXFUYKURvZbpaW


Don’t waste experience
SUCCESS FAILURE HUMAN CORRECTION ESCALATION TOOL TRACE PRODUCTION DRIFT

GUIDING PRINCIPLE

Missing competence
→ scaffold it.

Stable competence
→ compile it.

Residual uncertainty
→ keep it adaptive.



Walkthrough example (success)

handwriting on evidence page in medical form → provenance reflection



Walkthrough example (failure)

handwriting on evidence page in medical form → provenance region*150%



Walkthrough example (failure)



Walkthrough Example: (Parametric Updates)

Train Vision-Language Models to generate better search queries through trajectory learning.
💡 Use the normalized rank of GT doc/pages as a reward signal to train the model to generate more effective search queries.

Output: <think>
Okay, the user is asking for documents about Apache helicopter specifications. 
Hmm, this seems straightforward but I need to think carefully. They're probably a 
researcher, military enthusiast, or maybe someone in aviation industry. Could also 
be a student working on a project. 

First thought: They didn't specify which Apache variant (UH-60 vs AH-64). That's 
crucial because specs differ wildly. The AH-64 Apache attack helicopter has very 
different specs than the UH-60 Black Hawk transport. Should clarify that 
immediately to avoid misinformation.

(...)

*preparing response* 
Will start with variant clarification, then pivot to search strategies. The 
"search terms" part is most actionable - they'll probably copy-paste those. Should 
include both exact phrases ("AH-64 Block III") and broad terms ("Apache 
specifications").

[Think]
Okay, the user is asking for a search on Apache helicopter specifications. (...)

Apache specs usually cover things like speed, range, armament, and 
capabilities. I recall the AH-64E is the latest variant, but I should confirm if they 
want all models or just current ones. Since they didn't specify, I'll cover the 
main variants.  (...)

Final thought: Keep it precise but offer flexibility. They might actually want 
maintenance manuals or flight manuals - but since they said "specifications", 
I'll focus on performance and capabilities first.

[Search Query]
Apache helicopter specifications AH-64E technical data armament speed 
range sensor systems engine details

Project Code & Implementation: https://github.com/jvlinsta/DRAG/

Question: Search for documents about apache helicopter specification



RESEARCH AGENDA

Start benchmarking failure modes.

REPRESENTATION

What does faithful mean for an AI-native document 
substrate?

EVIDENCE

Can evidence-grounded signals outperform scalar 
confidence on hard fields?

SEARCH

Can trajectories teach calibrated stopping and 
human–agent routing?

EXECUTION

Can the language-versus-code boundary be learned 
and audited?

METHOD Enumerate the failure taxonomy first; synthesize one minimal case per failure.



DAS 2026 CLOSING THE LOOPS

We don’t eliminate uncertainty.
We aim for systems that can reduce it, check it, and learn from what happens over time.

REPRESENT → SEARCH → EVIDENCE → ACT → EXPERIENCE → BETTER SYSTEM ↺

Reduce uncertainty. Don’t waste experience.

Questions?
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