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Intro

§ Document�AI�(Intelligent�Document�Processing)

• Document를�자동으로�1.읽어오기�2.�이해하기�3.�분석하기

• Challenge:

u Layout과�format의�다양성,�scan된�document의�퀄리티,�구조의�복잡성

• 태스크�-�DocVQA(Document�Visual�Question�Answering),�KIE(Key�Information�

Extraction),�VRDU(Visually�Rich�Document�Understanding)
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OCR (Optical Character Recognition)

§ OCR

• Optical�Character�Recognition�광학�문자�인식

u 이미지�및�문서에서�텍스트��및�데이터를�추출하고�구조화된�데이터로�변환

• Input:�이미지

• Output:�Block�단위 정보 ­ text�+�bounding�box�좌표�[x1,y1,x2,y2]�
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Human-Readable way
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Approaches

§ OCR-Free�MLLM

• Image�info를�visual�signals로�받아들임�

• 복합적인 Vision�Backbone�구조

• image�해상도와�관련한�이슈

• 상당한�컴퓨팅�비용

• Text와�구조에�대한�semantic�요소들에�대한�

이해가�떨어짐

• Donut(Eccv 2022),��Pix2Struct(ICML�2023),�

mPLUG-DocOwl1.5(EMNLP�2024),�Qwen2-

VL(CVPR��2024),�TextMonkey(CoRR 2024)

§ off-the-shelf�OCR+LLM

• LLM의�일반화�능력

• LLM에�대한�입력으로�Bounding�

box(text+x,y coordinates)

• spatial�layouts�as�“lightweight�visual�

info”

• 상대적으로�적은�컴퓨팅�비용

• DocLLM(ACL�2024),�LayoutLLM(CVPR�2024),�

LaytextLLM(arxiv 2024),�DocLayLLM(CoRR

2024),�LMDX(arxiv 2024)
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LLM-based approach

§ Approaches

• Document�Understanding을�위한�OCR-Based�LLMs

u Off-the-shelf�OCR에서�추출된�텍스트들을�바탕으로�LLM의�Reasoning

u Coordinate-as-tokens�

u DocLLM(ACL�2024),�LayoutLLM(CVPR�2024),�LaytextLLM(arxiv 2024),�DocLayLLM(CoRR

2024),�LMDX(arxiv 2024)
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LayTextLLM: A Bounding Box is Worth One Token: Interleaving Layout and Text in a Large Language Model for Doc
ument Understanding

§ Overview

• Spatial�Layout�Projector�à각 bounding�box를�single�embedding에�담아냄

• Training�objectives�­ Layout-aware�Next�Token�Prediction�&�Shuffled-OCR�SFT
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LayTextLLM: A Bounding Box is Worth One Token: Interleaving Layout and Text in a Large Language Model for Doc
ument Understanding

§ Model�Architecture

• Spatial�Layout�Projector�(SLP)

u OCR-추출된�자표들을�bounding�box�token들로�변환

• P-LoRA (Partial�Low-Rank�Adaptation)�on�Bounding�Box�Tokens�à parameter�overhead

를�줄이는�동시에��LLM의�내제�지식�보존
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LayTextLLM: A Bounding Box is Worth One Token: Interleaving Layout and Text in a Large Language Model for Doc
ument Understanding

§ Training�Procedure�- Pretraining

• Layout-aware�Next�Token�Prediction

u Spatial�layouts�&�textual�modal�간의�alignment�강화

u Text�token들에�대한�loss만�계산

è Freeze�the�LLMs�and�only�update�parameters�of�SLP�and�P-LoRA
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LayTextLLM: A Bounding Box is Worth One Token: Interleaving Layout and Text in a Large Language Model for Doc
ument Understanding

§ Training�Procedure�­ SFT

• Shuffled-OCR�Supervised�Fine-tuning

u Inductive�bias�&�errors�in�text�order��from�the�OCR�engine

u Generalizability�&�Robustness�향상

• Unfreeze�all�parameters

à”...�Change,�1.30,�GST%,�Amt(RM),�GST(RM),�Total(RM),�SR,�

6,�17.64,�1.06,�18.70�...”�

Q:�What�is�the�value�of�the�field�Change�?

Q:�What�is�the�value�of�the�filed�Total(RM)�?
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LayTextLLM: A Bounding Box is Worth One Token: Interleaving Layout and Text in a Large Language Model for Doc
ument Understanding

§ Experiments�- Datasets

• Pre-training�data

u IIT-CDIP�Test�Collecdtion 1.0

u DocBank

• SFT�data

u Document�Dense�Descriptioin(DDD)��&�Layout-aware�SFT�data

u VQA�- DocVQA,�InfoVQA,�ChartQA,�VisualMRC

u KIE�- SROIE,�CORD,�FUNSD.�POIE
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LayTextLLM: A Bounding Box is Worth One Token: Interleaving Layout and Text in a Large Language Model for Doc
ument Understanding

§ Experiments�- Implementation

• Llama2-7B-base

u LayTextLLMzero,�LayTextLLMvqa,�LayTextLLMall

- LayTextLLMzero:�Document�Dense�Descriptioin(DDD),�Layout-aware�SFT�data

- LayTextLLMvqa:�+�DocVQA,�InfoVQA

- LayTextLLMall:�+�KIE�datasets
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LayTextLLM: A Bounding Box is Worth One Token: Interleaving Layout and Text in a Large Language Model for Doc
ument Understanding

§ Experiments�­ Baseline�Models

• OCR-free�Baselines

u UniDoc,�DocPedia,�Monkey,�InternVL,�InternLMXComposer2,�TextMonkey,�

TextMonkey+

• OCR-based�Baselines�­ OCR-derived�text�as�input

u Llama2-7B-base,�Llama2-7B-chat

u Llama2-7B-basecoor,�Llama2-7B-chatcoor

u Davinici-003-175Bcoor

u DocLLM,�LayoutLLM,�LayoutLLMCoT
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LayTextLLM: A Bounding Box is Worth One Token: Interleaving Layout and Text in a Large Language Model for Doc
ument Understanding

§ Experiments�- Metrics

• OCR-free�Baselines

u Accuracy

• OCR-based�baselines�­ OCR-derived�text�as�input

u Accuracy

u F1

u ANLS�(Average�Noramalized Levenshtein Similarity)

u CIDEr (Consensus-based�Image�Description�Evaluation)



Document AI with LLM 
LayTextLLM: A Bounding Box is Worth One Token: Interleaving Layout and Text in a Large Language Model for Doc
ument Understanding

§ Experiments�­ Comparison�w/SOTA�OCR-free�MLLMs

• LayTextLLMzero significantly�outperforms�à zero-shot�능력

• SRIOE,�POIE

u MLLM�low-resolution�images에�의한낮은�성능�à LayTextLLM의�Robustness�
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LayTextLLM: A Bounding Box is Worth One Token: Interleaving Layout and Text in a Large Language Model for Doc
ument Understanding

§ Experiments�­ Comparison�w/SoTA OCR-based�methods

• LayTextLLMzero의�zero-shot�환경에도�불구하고�DocLLM에�못지�않는�성능

• coordinate-as-tokens(coor)를�사용할�때�과도한�토큰�수�발생
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LayTextLLM: A Bounding Box is Worth One Token: Interleaving Layout and Text in a Large Language Model for Doc
ument Understanding

§ Experiments�­ Comparison�w/LayoutLLM

• KIE�­ LayTextLLM이�OCR-based�결과들에�효과적으로�reasoning

• VQA�­ strongly�related�to�vision�info

• Vision�Encoder가�있는�LayoutLLM이�우세�+�CoT
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LayTextLLM: A Bounding Box is Worth One Token: Interleaving Layout and Text in a Large Language Model for Doc
ument Understanding

§ Conclusion�

• Limitations

u ChartQA ­ visual�cues
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LayTextLLM: A Bounding Box is Worth One Token: Interleaving Layout and Text in a Large Language Model for Doc
ument Understanding

§ Conclusion�

• Document�comprehension�능력을�굉장히�효율적으로�향상시킴

u Architecture�- Spatial�Layout�Projector�&�P-LoRA

u Pretraining�- Layout-aware�Next�Token�Prediction

u Fine-tuning�- Shuffled�OCR�Fine-tuning
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DocLLM: A Layout-Aware Generative Language Model for Multimodal Document Understanding 

§ Approaches

• Textual and�Spatial Modal들의�교점에�풍부한�semantic�요소

• Visual�encoder들에��대한�비용�부담을�피하면서��Intrinsic�Multi-modality�를�담아냄

• It�is�sufficient�to�merely�Include�the�spatial�layout�structure

u Spatial�layout�info는�OCR에서�추출된�bounding�box�info�(x,�y�coordinates)
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DocLLM: A Layout-Aware Generative Language Model for Multimodal Document Understanding 

§ Model�Architecture

• Disentangled�Spatial�Attention

u Layout과 text�간의�상호관계를 disentangled�manner로�계산

e.g.� LayoutLMv2는 단순히 position�embedding�layer�추가

• Infilling�objective(Fill�in�the�Middle)�into�the�visual�document�contexts

• Instruction�Tuning�­ KIE,�NLI,�VQA,�classification
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DocLLM: A Layout-Aware Generative Language Model for Multimodal Document Understanding 

§ Model�Architecture�­ Disentangled�Spatial�Attention

• (1),�(2)�는�흔히�아는�정통�attention�mechanism

• (3)�은 DocLLM의 Disentangled�Spatial�Attention�Mechanism

u Encode�the�bounding�boxes�into�hidden�vectors�à

u Text-to-Text,�Text-to-Spatial,�Spatial-to-Text,�Spatial-to-Spatial

è Incorporate�Layout Information of�the�text�tokens�&�Enables�Selective�

Focus
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DocLLM: A Layout-Aware Generative Language Model for Multimodal Document Understanding 

§ Pretraining

• Infilling�objective�à Fill�in�the�Middle�
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DocLLM: A Layout-Aware Generative Language Model for Multimodal Document Understanding 

§ Instruction�Tuning

• Tasks�­ VQA(Visual�Question�Answering),�NLI(Natural�Language�Inference),�

KIE(Key�Information�Extraction),�CLS(Document�Classification)�
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DocLLM: A Layout-Aware Generative Language Model for Multimodal Document Understanding 

§ Datasets

• Pre-training

u IIT-CDIP�Test�Collection�1.0(~16M),�DocBank(~500K)

è 16.7M�pages�&�3.8B�tokens

• Instruction�Tuning�

u VQA�­ DocVQA,�WTQ,�VisualMRC,�DUDE

u NLI�- TabFact

u KIE�­ KLC,�CORD,�FUNSD,�DeepForm,�PWC,�SROIE,�VRDU

u CLS�­ RVL-CDIP�

u +�BuDDIE
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DocLLM: A Layout-Aware Generative Language Model for Multimodal Document Understanding 

§ Evaluation�­ Setup

• Model�Configuration

u DocLLM-1B (Based�on�Falcon-1B),�DocLLM-7B (Based�on�Llama2-7B)

• Settings

u SDDS (Same�Datasets,�Different�Splits),�STDD (Same�Tasks,�Different�Datasets)

STDD�à Industry’s�use�cases에서�태스크는�크게�변하지�않지만 document�속성들

은�자주�변동�

• Baselines

u SoTA LLMs�w/Zero-shot�prompts�+�OCR-extracted�text(w/o�spatial�info)

à GPT4�+�OCR,�Llama2�+�OCR

u DocAI LLMs

àmPLUG-DocOwl,�UReader
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DocLLM: A Layout-Aware Generative Language Model for Multimodal Document Understanding 

§ Evaluation�- SDDS

• 16개�중�12개�최고�성능

• GPT4가�VQA�5개�중�3개�최고�성능�à Task�자체의�reasoning�&�abstraction�에�대한�복잡도

• DocLLM 1B의�7B�version�에�못지�않는�성능
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DocLLM: A Layout-Aware Generative Language Model for Multimodal Document Understanding 

§ Evaluation�- STDD

• Llama2를 dataset�5개�중�4개에서�능가

• Classification�Accuracy�상당히�낮음�à오로지�하나의�CLS�dataset�에�훈련
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DocLLM: A Layout-Aware Generative Language Model for Multimodal Document Understanding 

§ Experiments�- Qualitative

• (a)�­ Semantic�nuances�of�enterprise�documents

• (b)�­ Spatial�Reasoning�ability�

• (c)�­ limitation�at�a�counting�task�à numerical�concepts
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DocLLM: A Layout-Aware Generative Language Model for Multimodal Document Understanding 

§ Conclusion

• Limitation

u Context�길이

u 복잡한�reasoning�task�수행

• Impact

u 풍부한�정보의�layout이�담겨진�document에�generative�reasoning��

à By�Lightweight�extension�to�traditional�LLMs�
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