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* Document Al Background, Challenges & Motivations



What is Document Al?
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Examples:
R Layout Analysis

i, Analyze API version: 2022-01-30-preview g v Content Result  Code o)

Latest news and bulletin updates

reap rewaras of Turtner
migration to online shopping.

WIBIULT. Rk

2017 2008 200 2020 202

The end of the 11-year
bull market® means some
company shares

are priced the lowest There are historically
since 2009.

m low interest rates
BANK OF EUROPEAN US FED*

IRS-Unterstitzung in

IRS-UnterStutzung in IRS Katastrophenfallen
IRS Katastrophenfillen ’

Von der US-Bt

NEWS TODAY

erklartes Ki Von der Us-Bundesregierung erklart

ie ki d 1lstand d SN i i
Sie kénnen den vollstdndigen oder i N
si E -8 The scoop of the day Paragraph ENGLAND* | CENTRALBANK® |
ie konnen den volstandigen odar teibweisen Verlust Ihres Wohneigentums, ves Hausrats und Inrer Krafttahrzaugaintoine ainepiBasch Ay )
: 2 Yod P Yol
ige einer im auf Ihver persdniichen & & The latest updates () or 1 ) Yo, b () P=o0
St e 0 o S e o o o B Bundeseinkonmenssteuererklirung ab = - dxii00rtiiUcon
1040X (Amended U.S: IncvidusiIncome Tax Retum — Abgednderte US-Eimkommensstesererdarng) i das e e R Kt eEEROBReRFILL e TFtRaE T prie s et = %
P ] 5
Vorjahr absetzen, ansiatt zu warten, bis Se lhre Steusrerarung f0r das laufende Jahv eiveichen. Auf diese phes prove rour poie. When sou chck Outme | (- Va0 Brivides s boweTal ey t6 \ S
Weise konnen Sie sich Ihre Steuern, die Sie in Verbindung mit Ihver Steuererkiarung des Vorjahres bezahit 1040X (Amended U.S. Individual Inc Video, you can paste in the exbed code fod - P Po Y - ni ’%\ Disrupted work conditions
haben, teiiweise oder ganz erstatten lassen. % he o you want to add. You cas abso r % 1 5
Vorjahr absetzen, anstatt zu warte el el G et help )I'O;: gralve y\‘;:l point. When Title e US lo: adv_;"“,ze'!l sod adopt
Was das fiir Sie bedeutet : % S s you click Online Video, you can technologies (e.g.imprc
Weise konnen Sie sich Ihre Steuern e shes best s your dooumens
« WemnSie Steverianr ene 5gegeben und nen 2 paste in the embed code for the et e N et ot telecomms devices and n¢
Bindassissern hazsi hetir haben, teilweise oder ganz erstatt To make your document look o Vot Rt e e Voki cenaleo " 3 bul date
o Kennen Sie ezt u. U. eine abgeanderte Sieuererkiarung einreichen (oder damit bis nachstes Jahv W sectescaalty produced. Word peorades video you want 10 a u ca
warten), um Ihren Verlust geltend zu machen und sich die bezahiten Steuen erstatten zu lassen. Was das fir Sie bedeutet st footss, cover pugs type a keyword to search online for
o Sie massen lhre Abz0ge auf Formuar 1040, Aufstellung A, ainzein aufschidssein e st s Gt oot o ol s
" enn Sie im vorausgegangenen Ste mvw"’r“. Sty the video that best fits your Raicaiah
So machen Sie Ihren Verlust geltend Bundessteuern bezahlt haben ... Fage. beades and wdcbas document. 2grap

e o kénnen Sie jetzt u. U. eine abge s E—s e Polygon 59,195, 262, 195, 262. 275, 59, 275

o Stellen Sie o bzw. die angepasste fest

Mirjam Nilsson

© Stellen Sie den Verkehrswert jedes Besitzguts fest.
© Dabei handel es sich um den Betrag, zu dem das Besitzgut unmitielbar vor Eintreten des
Katastrophenfals hafte verkauft werden konnen.

« Stellen Sie den derzeitigen Wert - also nach Eintreten des Katastrophenfalls - fest

o Stellen Sie andere fest, die Sie haben oder
voraussichtiich erhalten werden

warten), um Ihren Verlust geltend
o Sie missen Ihre Abziige auf Formu
So machen Sie Ihren Verlust gelten

Fertigen Sie eine Liste Ihres ge

o ez om the diferens palene.

A Comnme
s g P o ok

[Migam

e e e e

SectionHeading

5 The 5¢00p ¢ The latest ates
Sokénnen Sie sich bei der von helfen lassen . The scoop of the dnyi op of the day The latest update:
« Besorgen Sie sich die IRS-Pubikation 2194, Disaster Resource Guide (Hilfreiche Informationen und Stellen Sie die Anschaffungskosten ~
Natenaien fr Kaasophenfal) fr Enzepersonen und Uniemenmen ; . e e WeTod | The latest updates 1o get you through the &
B S Kopien i ——— Stellen Sie den Verkehrswert jedes :": :m R~ e e i 5
" = abere . = = . —  wmed vt alo hely heep yonr
« Der IRS kann Ihnen beim Erstellen Ihrer abgeanderten Steuereridarungen behifich sein o Dabei handelt es sich um den Bet Paragraph

‘halten Sie weitere i und

« IRS-Hotine for Hiffe im Katastrophenfal — 1-866-562-5227

139 von 7.00 bis 19.00 Uhr Ortszell

“Bite treffen Sie vor dem Anvuf bei der Hotine-Nummer bei Bedarf selbst Vorkehrungen fur einen
Dolmetscher.

« Besuchen Sie die IRS-Website unter www.irs qov oder
« Wenden Sie sich an lhven Steuerberater.

Pusscaton 3067

Katastrophenfalls hatte verkauft w

Stellen Sie den derzeitigen Wert -
Stellen Sie Versicherungs- oder an
voraussichtlich erhalten werden.
So konnen Sie sich bei der Geltend
Besorgen Sie sich die IRS-Publik
Materialien fiir Katastrophenfidlle)

=l

Image resource: Document processing models - Form Recognizer - Azure Applied Al Services

of

Video provides a powerful way &

| Microsoft Learn, DocVQA

> help you prove

What is the interest rates of European Cen-
tral Bank and US FED?


https://learn.microsoft.com/en-us/azure/applied-ai-services/form-recognizer/concept-model-overview?view=form-recog-3.0.0
https://www.docvqa.org/

General Pipeline for Document Al
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General Pipeline for Document Al

2. Extract, Classify & Understand Information from Document
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ER IR dE

Adapted from What is Document Al? - YouTube

AR 2

S S Q¥ AS S Q¥
il i

(LOLCCOELL

AS S QN
1111
111

AR SR

A3 S § §
11l
S S Q¥
il
AS S Q¥
il



https://www.youtube.com/watch?v=F_jyoe1lQhg

Previous Works
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Image source: LayoutLMv3: Pre-training for Document Al with Unified Text and Image Masking (arxiv.org)

[2111.15664] OCR-free Document Understanding Transformer (arxiv.org)

Donut

Output Sequence

Converted JSON
<class>receipt</class>

{ "class":"receipt" }
<[classification>

{"question": "what is the price of choco mochi?",
"answer": "14,000" }
14,000</answer></vqa>

S {"items": [{"name": "3002-Kyoto Choco Mochi",
Mochi</ >een <] ina> "count": 2,
pesDame RRng "unitprice™ 14000, ...J], ... }



https://arxiv.org/pdf/2204.08387.pdf
https://arxiv.org/abs/2111.15664

Challenges in Document Al & Motivations
1. The correlation between image and text is very strong in document data

Classical Vision-Language
text are usually high-level description
of the vision data

J

What color are her eyes?
What is the mustache made of?




Challenges in Document Al & Motivations

1. The correlation between image and text is very strong in document data

Document Al

Classical Vision-Language
. guag . 1-to-1 correspondence between text
text are usually high-level description : .
tokens and image regions

of the vision data

" RJREYNOLDS C@é@y
TOBACCO COMPANY
PO
T
bruary 1 994 m-:;m ean

bt

RJR Account #533288

. B, Couri
JONES McINTOSH, INC.
March VAP Monthly Promotion: Camel 82G1F

Dear Biv:

Ve have ordered _3_ (12M) B1G1F case(s) and _3 (6M) cann(s) of @ach sty

listed balow 10 Sover owr March 1994 automeli arth ay

panicipating retall sccounts:

Coaa UPC

Camel LI Box 200-107 4

Ceamel Spec Lt Kg 1230068540

Comey Spec Lt Box 12300-66840

Camol Spec Lt Box 100 1230088740

V.S. e

Ship Qata to Rt Weok of March 14, 1884

RO OURE" 1208

SKU WT iwie Precust): 5.04800 Ibs

Rerall Sales Offar per Sk 4

Promeotien D! Uil shipper. Shipper has buy-2-gat-1-frea

’ slesves. Sieeves nave Continuily Catalog placed inside and oll sieeve Il b6 opened

up inthe SKU for easy packin uy-1-get-1-roe product should be placad into the

rioeve and an sddilional 'L wok inserted with it B1G1F product will be pre-

banded.

3 Blling per Sk B Full Cartons
NON-EFT 3 Amount: sha
'y |
What color are her eyes? ;
y : Ship (0.1, 0.65, 0.11, 0.68)
What is the mustache made of? Date (0.12, 0.65, 0.14, 0.68)

to (0.16, 0.65, 0.18, 0.68)



Challenges in Document Al & Motivations

1. The correlation between image and text is very strong in document data

Classical Vision-Language
text are usually high-level description

of the vision data

What color are her eyes?
What is the mustache made of?

1-to-1 correspondence between text

V.S.

Document Al

tokens and image regions

568
aghcral Gpeans Mg
158 L ace Bet Dive
Sue V108
bruary 10, 198 Wikiamerite, WY 14231
ey
P e etve
RJR Account #533:
B. Corrigan
JONES McINTOSH, INC.
March VAP Monthly Promotion: Camel 82G1F
Dear Bil:
Wéo have ordered _3_ (12M) BIGTF case(z) and _3_(6M) Live cass(s) of each styie
listod balow o cover our March 1994 autometic monthly dsplay shipment for
participating retall sccounts:
Caaa UPC
Caenel Lt Box 12306-10740
Camel Spec Lt Kg 1230066540
Camel Spec Lt Box 12300-66540
Camet Spee Lt Box 100 1230066740
Eroduct / Promium Arcat March 3, 1994
Ship Qate o Retal Neok of March 1
SKU CUBE 1208
SKU WT iwo Precist): 04500 Ibs
Retall Salos Offar per Sy 40
Promotion D Uil od shipper. Shipper fns 40 buy-2-gat-1-frea
sleeves. Swavis have Continuily Catalog placed inzids and all sieeves will ba openod
up in the SKU for easy packing. Buy-1-get-1-res product shouid be placad into the
mioove and an sdditional 'Live puck inserted with it. B1G1F product will be pre-
banded.
Blling per Sk Ful artons.
EET $ Amount:
NON-EFT 3 Amount. A
Ship (0.1, 0.65, 0.11, 0.68)
Date (0.12, 0.65, 0.14, 0.68)

to (0.16, 0.65, 0.18, 0.68)

Previous Document Al works

* Mostly use 1D or 2D
positional embeddings

* Indirect & Insufficient



Challenges in Document Al & Motivations

2. Document Al tasks are diverse

April 19, 1990

Mr. Abner T. Herbert, III
9470 Martin Rd4.
RRRRR 11, Ga 30076

H Dear Mr. Herbert:

In accordance with yvour request, the following are the
proponents of Propeosals 3 and 4 included in our 1990 Proxy
Statement:

Proposal #3 Claim to

Beneficially oOwn
Evangelical Lutheran Church in America
8765 wWest Higgins Road
. Chicago, IL 120,000 shares

Ed Crane, Director

Corporate Social Responsibility

i Si
1257 East Siena Heights Drive
Adrian, MI 1,098 shares

Sister Annette M. Sinagra, O.
Corporate Responsibility Cccrdlnator

and

Corporate Responsibility Office

Province of Saint Joseph of the Capachin Order

1534 Arch Street

Berkeley, CA 40 shares

(Rev.) Michael H. Crosby, OFMCap
Corporate Responsibility Agent

- k. L

Patricia Molloy

5060878706

What is the type of the document?

Document QA:
What is the address of Philip Morris
Companies Inc?

Where is the signature?

Document serial number: 2048180205

Customized Document Image Generation

Previous approaches:
Need a different model head for each task.



Challenges in Document Al & Motivations

3. Self-supervised pretraining tasks in previous works were not specifically
designed for Document Al.

* From single modality pretraining:
- Masked Language Modeling (text)
- Masked Image Modeling (vision)

* From classical VL training:
- Text-Vision contrastive learning



Challenges in Document Al & Motivations

4. Previous works only used unlabeled document data*. Diverse and
abundant supervised data are ignored.

Supervised Data

Dataset
- PHILIP> MORRIS
W . RVL-CDIP
What is the type of the document?
e Pocument QA: o WebSRC, VisualMRC,
sEchEnEiEE = s What is 'Fhe address of Philip Morris DocVQA, InfographicsVQA,
- EREIIRLET A e Companies Inc? WTQ
R _ . PublayNet
BT R BT e 2 e Where is the signature? y
I;x;ggiﬂggggti:;gi *5SEK SETRS capacnin °rdezm I DOCBa n k, KLC,
> /%M e, 2 Document serial number: 2048180205 PWC, DeepForm

Document NLI:
Predict the “entailment” or not between a TabFact
*Some works, e.g. LayoutLM, use one anxuliarry task in pretraining sentence pair given a document



UDOP (i-Code Doc): Unifying Vision, Text, and
Layout for Universal Document Processing
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Text (x0, y0, x1, y2)

layout. <text_layout_0>

Text reconstruction with
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Visual text recognition. <text 0>
<100><350><118><372>

Question answering.
What is the date?
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[

Layout modeling. <layout_0> Ship
Date </layout_0> to Retail: Week
of March 14, 1994 =)

[ Layout analysis. Title ]

Ship Date to Retail: Week of

Masked image reconstruction.
March 14, 1994

Vision-Text-Layout
Transformer
“a Y\ /° Decoder
. g i [ Text-Layout :
Unified : Decoder ]
Encoder |
: Vision Decoder]
\ ) \\ ____________ 'II
G Vision Task Mixed Task
Text Task @ Layout Task

<text_layout_0> Ship
L Date <0><10><2><20>

-

<text_0> Ship Date )

L.

[ Week of March 14, 1994 ]

L

-
<layout_0> <100><350><118><372> ]

Title <20><50><40><80> ]

Vision Outputs
Ship Date ...

Text Outputs

<100><350><118>
<372>...

Layout Outputs




UDOP (i-Code Doc): Unifying Vision, Text, and
Layout for Universal Document Processing

layout. <text_layout_0>
Retail: Week of March 14, 1994 )

£ Text reconstruction with 3

[

Visual text recognition. <text 0>
<100><350><118><372>
</text_0> Week of March 14, 1994 )

Question answering.
What is the date?

(Layout modeling. <layout_0> Ship

Date </layout_0> to Retail: Week
of March 14, 1994 =)

Ship (0.1, 0.65, 0.11, 0.68)
Date (0.12, 0.65, 0.14, 0.68)

to (0.16, 0.65, 0.18, 0.68)
OCR Bounding Boxes

(x0, yo0, x1, y2)

( Layout analysis. Title ]

Ship Date to Retail: Week of

Masked image reconstruction.
March 14, 1994

r —_— _— —_— _— —_— |

G Vision Task

Text Task

Vision-Text-Layout
Transformer
1
f: Y\ /" Decoder
e . | Text-Layout :
|Umfled :[ Decoder ]
Encoder |
' [\flsion Decoder]
\ /A R—— $

Mixed Task

@ Layout Task

<text_layout_0> Ship W
L Date <0><10><2><20> |

~
<text_0> Ship Date J
-

[ Week of March 14, 1994 J

L

<layout_0> <100><350><118><372> ]

Title <20><50><40><80> ]

1. The layout-induced vision-text embedding: leveraging the

strong correlation between text and vision modality.

Vision Outputs
Ship Date ...

Text Outputs

<100><350><118>
<372>...

Layout Outputs




UDOP (i-Code Doc): Unifying Vision, Text, and
Layout for Universal Document Processing

RJ REYNOLDS (& Oy

Focnary W, YIS

e Ao 4533300
B Condow

(0.1, 0.65, 0.11, 0.68)
(0.12, 0.65, 0.14, 0.68)
(0.16, 0.65, 0.18, 0.68)

Boundiﬁé Boxes
(x0, y0, x1, y2)

layout. <text_layout_0>
Retail: Week of March 14, 1994 )

[ Visual text recognition. <text 0>

[ Text reconstruction with 3

<100><350><118><372>
</text_0> Week of March 14, 1994 )

[ Question answering.

What is the date?
( Layout modeling. <layout_0> Ship

Date </layout_0> to Retail: Week
of March 14, 1994 =)

.
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( Layout analysis. Title ]

Ship Date to Retail: Week of
March 14, 1994

(Masked image reconstruction.

2. UDORP (i-Code Doc) is a generative framework

Vision-Text-Layout
Transformer

~N

Unified
Encoder
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\ /

G Vision Task
Text Task

______________

Decoder

[ Text-Layout
Decoder

Vision Decoder]

Mixed Task
@ Layout Task
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<text_layout_0> Ship
Date <0><10><2><20>

[ <text_0> Ship Date ]

( Week of March 14, 1994 )

[<layout_0> <100><350><118><372> ]

Title <20><50><40><80> ]

« Can model all existing document understanding and
document generation tasks with one unified model

Vision Outputs
Ship Date ...

Text Outputs

<100><350><118>
<372>...

Layout Outputs
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UDOP (i-Code Doc): Unifying Vision, Text, and
Layout for Universal Document Processing
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. g i [ Text-Layout :
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Text Task @ Layout Task

3. Novel pretraining framework
» Self-supervised pretraining objectives specifically designed for Document Al

<text_layout_0> Ship
L Date <0><10><2><20>

p
<text_0> Ship Date )

L.

[ Week of March 14, 1994 ]

L

-
<layout_0> <100><350><118><372> ]

Title <20><50><40><80> ]

Vision Outputs
Ship Date ...

Text Outputs

<100><350><118>
<372>...

Layout Outputs




UDOP (i-Code Doc): Unifying Vision, Text, and
Layout for Universal Document Processing

Vision-Text-Layout
Text reconstruction with
layout. <text_layout_0> Tra n Sfo rmer ( <text_layout_0> Ship
Retail: Week of March 14, 1994 Date <0><10><2><20>
~ L]
Visual text recognition. <text 0>y \ -
<100><350><118><372> 4 N\ "\ <text_0> Ship Date )
</text_0> Week of March 14, 1994 : Decoder : \
Question answering. £ i Text-Layout : [ Week of March 14, 1994 ]
Il Whatis the date? Unified : Docoder - TR
Layout modeling. <layout_0> Ship Encoder : <layout_0> <100><350><718><372>]
Date </layout_0> to Retail: Week v |Vision Decoder] . Ship Date
of March 14, 1994 a \ ) .\ ’u Title <20><50><40><80> ]
Ship (0.1, 0.65, 0.11, 0.68) LLayout analysis. Title L Text Outputs
Date (0.12, 0.65, 0.14, 0.68) =
to (0.16, 0.65, 0.18, 0.68) Masked image reconstruction. <100><350><118>
----- Ship Date to Retail: Week of B <372>...
OCR Bounding Boxes March 14, 1994 '
Text  (x0,y0,x1,y2) e Vision Task Mixed Task Layout Qutputs
Text Task @ Layout Task

3. Novel pretraining framework

» Self-supervised pretraining objectives specifically designed for Document Al
* Included previously-ignored supervised data for pretraining




UDOP (i-Code Doc): Unifying Vision, Text, and
Layout for Universal Document Processing

Ship (0.1, 0.65, 0.11, 0.68)
Date (0.12, 0.65, 0.14, 0.68)

to (0.16, 0.65, 0.18, 0.68)
OCR Bounding Boxes

(x0, yo0, x1, y2)

layout. <text_layout_0>

Text reconstruction with
Retail: Week of March 14, 1994

[ </text_0> Week of March 14, 1994 )

Visual text recognition. <text 0>
<100><350><118><372>

Question answering.
What is the date?

v

[

Layout modeling. <layout_0> Ship
Date </layout_0> to Retail: Week
of March 14, 1994 =)

[ Layout analysis. Title ]

Ship Date to Retail: Week of

Masked image reconstruction.
March 14, 1994

4. High-quality controllable document generation

G Vision Task

Text Task

Vision-Text-Layout
Transformer
@ N " Decoder
T : [ Text-Layout
Umf'ed : Decoder ]
Encoder |
: Vision Decoder]
\_ J o

Mixed Task
@ Layout Task

<text_layout_0> Ship
L Date <0><10><2><20>

-

<text_0> Ship Date )

L.

[ Week of March 14, 1994 ]

-
<layout_0> <7100><350><118><372>

L

Title <20><50><40><80> ]

<l

ision Outputs
Ship Date ...

Text Outputs

<100><350><118>
<372>...

Layout Outputs



Agenda

* Model Architecture



UDOP (i-Code Doc): Unifying Vision, Text, and
Layout for Universal Document Processing

Ship (0.1, 0.65, 0.11, 0.68)
Date (0.12, 0.65, 0.14, 0.68)

to (0.16, 0.65, 0.18, 0.68)
OCR Bounding Boxes

(x0, yo0, x1, y2)

layout. <text_layout_0>

Text reconstruction with
Retail: Week of March 14, 1994

[ </text_0> Week of March 14, 1994 )

Visual text recognition. <text 0>
<100><350><118><372>

Question answering.
What is the date?

v

[

Layout modeling. <layout_0> Ship
Date </layout_0> to Retail: Week
of March 14, 1994 =)

[ Layout analysis. Title

)

Ship Date to Retail: Week of

Masked image reconstruction.
March 14, 1994

Vision-Text-Layout
Transformer

F_____

| ™\

Unified
Encoder

G Vision Task
Text Task

Ir Text-Layout :
I[ Decoder
|

Vision Decoder]

Mixed Task
@ Layout Task

<text_layout_0> Ship
L Date <0><10><2><20>

-

<text_0> Ship Date )

L.

[ Week of March 14, 1994 ]

L

-
<layout_0> <100><350><118><372> ]

Title <20><50><40><80> ]

Vision Outputs
Ship Date ...

Text Outputs

<100><350><118>
<372>...

Layout Outputs




A Unified Vision, Text, and Layout Encoder

Layout-Induced Vision-Text Embedding

dec 1. 158 S "
2 o
Text tokens v, +[s, - Unified
s V<1> > (V] + 55 Encoder
. ) = v, % -
e v Y4
Image

Text token

Q is in image patch

V

0Js

V4| do not contain any text.

is usually task prompt.

is in

V2,

Silis in

Vi,

Definition of Notations

Concretely, given the document image v € R#*XWxC,

M word tokens {s; }M , inside the image and the extracted

layout structure {(z},y}, 22, y?)}M,, we first partition v

. H ‘1' . ; 6! - - = L NS
into 5 X 5 image patches, where each patch is of size

P x P x C'. We then encode each patch with a D-dim
vector and group all patch embeddings into a sequence of

vectors {v; € RP}Y | where N = % X % Text tokens are
M

also converted to numerical D-dim embeddings {s;};~, by
vocabulary look-up.

Or formally, first define the layout indicator function

1, if the center of s;’s bounding box
P sg,05) = is within the image patch v;.
0, otherwise.
Then for each text token embedding s;, the joint represen-
tation is the sum of its image patch feature’ and the text
feature:
8; = 8; + v;, where ¢(s;,v;) = 1.

For image patches v; without any text tokens, i.e.
Vi, ¢(8i,v;) = 0, the joint representation, 'v;- is itself:

(o =’Uj.



A Unified Vision, Text, and Layout Encoder

Layout-Induced Vision-Text Embedding

Date: Mon,
Dec 11, 1995

Text tokens 7

\/

N
+ + +

<
w

w N — o w N — o
a
o

(

~\

Unified
Encoder

Text token is in image patch

V4| do not contain any text.

is usually task prompt.

Layout Tokens

Convert bounding box coordinates to discretized tokens

(0.1,0.2,0.5,0.6) [1 <50><100><250><300>
(Assuming layout vocab size 500)

e Convenient for location detection tasks: layout
token generation
* Integrating layout modeling in pretraining



Vision, Text, and Layout Decoder

RJ REYNOLDS C‘@py
]

Secnary wL YIS

con wwre ]
s Unouron Frve Loraradly Comieg pwoed 4 s e b

5 e B0 Aot wmne
P ety

& i
s Pp 1 g | S i W L i) L3 T

e ek ot W £ U1 e i D e~

OCR
Text

(0.1, 0.65, 0.11, 0.68)
(0.12, 0.65, 0.14, 0.68)
(0.16, 0.65, 0.18, 0.68)

Boundin:cj Boxes
(x0, yo, x1, y2)

layout. <text_layout_0>
Retail: Week of March 14, 1994 /

[ Visual text recognition. <text 0>

[ Text reconstruction with 3

<100><350><118><372>
</text_0> Week of March 14, 1994 )

~

Question answering.
What is the date?

[ Layout modeling. <layout 0> Ship

s

Date </layout_0> to Retail: Week
of March 14, 1994 )

[ Layout analysis. Title ]

Ship Date to Retail: Week of

Masked image reconstruction.
March 14, 1994

=

Vision-Text-Layout

Transformer

r

&

Unified
Encoder

|i

/I

Text-Layout
Decoder

=y

Vision Task
Text Task

Mixed Task
@ Layout Task

<text_layout_0> Ship
Date <0><10><2><20>

( <text_0> Ship Date )

L Week of March 14, 1994 ]

.
<layout_0> <100><350><118><372>

L

Title <20><50><40><80> ]

Text-Layout Decoder: Generate textual sequence/layout tokens

Vision Decoder: Generate document images

Vision Outputs
Ship Date ...

Text Outputs

<100><350><118>
<372>...

Layout Outputs
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Pretraining

Self-supervised Pretraining
Use “Ship Date to Retail: Week of March 14, 1994” as example

(1) Joint Text-Layout Reconstruction (2) Layout Modeling

T Input Sequence:

5 p- q ’ . “Layout Modeling. <layout_0> Ship Date </layout_0>
Joint Text-Layout Reconstruction. <text_layout_0> 5 Remil: Weaksd ¢ bsobcli ¢ s Mareh 14
to Retail: Week <text_layout_1> March 14, 1994” 109 9::”211 e R e e ;
Target Sequence: T (S .

“<text_layout_0> Ship Date </00><350><118><372> “alrge eg“‘*“}“gb 15051 185<372> <1 |
<text_layout_1> of <100><370><118><382>" HYOL U <l At Lioeiidr <IayouL >

<100><370><118><382>"

(3) Visual Text Recognition

Input Sequence:

“Visual Text Recognition. <text_0> <100><350><118>
<372> </text_0> to Retail: Week <text_1> </00><370>
<118><382> </text_1> March 14, 1994”

Target Sequence:
“<text_0> Ship Date <text_1> of”




Pretraining

Self-supervised Pretraining

(4) Masked Image Reconstruction with Text and Layout

Date: Mon, Dec
11,1995.. | »|OCR

||

Embeddings

[Text Characters ]

Unified
Encoder

. Vision-Text Output Embed
D Placeholder Embed - Masked [:] Placeholder Embed - Not Masked

0 000000000

Cross

Attention fa
L : Vision
{ Decoder
i
L
-
:

Hi 5

(] Character Embed Image Patch

encoder

PENCW 24
| |

The original Masked AutoEncoder
(MAE) design (He et al.)



Pretraining

Supervised Pretraining: Unifying All Tasks into the Generative Scheme

Supervised Tasks Task Prompts Task Targets
Classification Document Classification. Ship Date to Retail: Week of Memo.
March 14, 1994
Layout Analysis Layout Analysis. Paragraph. Paragraph <82><35><150><439>
Information Extraction Information Extraction. Ship Date to Retail Week of March 14,1994
e R T Ghssiiin A What G s e G T
S S i Nt T B R B s

tail: Week of March 14, 1994




Pretraining

Supervised Pretraining: datasets

Supervised Data Dataset

What is the type of the document? RVL-CDIP

Docurpent QA: N . WebSRC, VisualMRC,

What is the address of Philip Morris DocVQA, InfographicsVQA,

Companies Inc? WTQ
PublayNet

Where is the signature?

DocBank, KLC,
Document serial number: 2048180205 PWC, DeepForm

Document NLI:
Predict the “entailment” or not between a TabFact
sentence pair given a document



Pretraining

Model Configuration:

r

\_

Unified

Encoder

N

J

--—— - -—--

______________

Decoder

Decoder

.

f Text-Layout |

Vision Decoder

2

______________

Curriculum Learning:
Image resolution 224 [] 512 [] 1024
Train with each resolution with 1 epoch

\

- mm o wm ey o e

* Unified Encoder + Text Layout Decoder: T5 large
e Vision Decoder: MAE-large
* 794M parameters
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Evaluation

g Modality Info Ext. Classification
FUNSD CORD RVL-CDIP

NAVER Donut [21] \% 2 91.6 95.3

Go gle BERT)yp [9] T 65.63 90.25 89.92
BROSarge [ 5] T+L 84.52 97.40 -

StructuralLMyarge .., T+L 85.14 - 96.08

camseanner LALT [48] T+L 88.41 96.07 95.68
Go gle FormNet [24] T+L 84.69 97.28 -

MSRA LayoutLM, [57] T+L 77.89 - 91.90

FA\ Adobe SelfDoc [29] V+T+L 83.36 - 92.81

Fi\ Adobe UniDoc [!1] V+T+L 87.93 96.86 95.05

aWS DocFormeryyege [ !] V+T+L 84.55 96.99 95.50

TILT arge [36] V+T+L - 96.33 95.52

MSRA LayoutLMv2jye [55]  V+T+L 84.20 96.01 95.64

MSRA LayoutLMv3jaee [16]  V+T+L 92.08 97.46 95.93

UDOP V+T+L 91.62 97.58 96.00

FUNSD (Form Understanding in Noisy Scanned Docu-
ments [|5]) has 149 and 50 samples for train and test. We
evaluate on the entity recognition task: predicting the entity,
"question", "answer", "header", or "other", for the text token.
The task format is, suppose we have the title, "The Title",
and its entity "[I-Header]", then the encoder input is "The
Title" and the generation target is "The Title [I-Header]".
The metric is F1 scores.

CORD (Consolidated Receipt Dataset for Post-OCR
Parsing) [37]is a key information extraction dataset with 30
labels under 4 categories such as "total" or "subtotal". It has
1,000 receipt samples. The train, validation, and test splits
contain 800, 100, and 100 samples respectively. The metric
is F1 and the task format is the same as FUNSD.

RVL-CDIP is the document classification dataset that we
have discussed previously. It has 320k/40k/40k images for
training/validation/test. The metric is classification accuracy.



Evaluation

Model Mty Question Answering Information Extraction Table QA/NLI fon
DocVQA InfoVQA KLC PWC DeepForm WTQ TabFact

NAVER Donut [21] \Y 724 - - - - - - -

Google BERT g [9] i ) 67.5 : = : : ’ : ’
Google TSiarge [39] i 5 70.4 36.7 743 253 74.4 33.3 58.9 50.7
TS1arge+U [36] T 76.3 371 76.0 27.6 82.9 38.1 76.0 56.5
TStarge+2D [36] T+L 69.8 39.2 126 25 74.0 30.8 58.0 50.4
TSiarge+2D+U [36] T+L 81.0 46.1 759 268 83.3 43.3 78.6 59.8

LAMBERT [10] T+L - - 313 - - - - -

Alibaba Group StructuralLMlargc [26] T+L 83.9 - - - - - - -

MSRA LayoutLMv2,,. [55]  V+T+L 78.8 - - - - - - -
MSRA LayoutLMv3j,ee [16]  V+T+L 83.4 45.1 771 269 84.0 45.7 78.1 62.9

UDOP V+T+L 84.7 47.4 82.8 28.0 85.5 47.2 78.9 64.8
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* Controllable Document Image Generation
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Original Document

kziad

| PHILIP MORRIS |

120 PARK AVENUE, NEW YORK,. MY 10017 - TELEPHONE (212) B30-5000

April 19, 19290

Mr. Abner T. Herbert, IIT
2470 Martin RA.
Roswell, GaA 30076

Dear Mr. Herbert:

In accordance with yvour recquest, the following are the
proponents of Proposals 3 and 4 included in our 1990 Proxy
Statement:

Proposal #3 Claim to
T 1

Ow
Evangelical Lutheran Church in America
8765 West Higgins Recad
Chicago, IL 120,000 shares

Ed Crane, Director
Corporate Social Responsibility

Adrian Dominican Sisters
1257 East Siena Heights Drive

Adrian, MI 1,098 shares

Proposal #4 (co=-sponsored) J

Sister Annette M. Sinagra, O.P.
Corporate Responsibility Coordinator

and

Corporate Responsibility Office
Province of Saint Joseph of the Capachin Order
1534 Arch Street

Berkeley, CA 40 shares

(Rev.) Michael H. Crosby, OFMCap
Corporate Responsibility Agent

Sincerely,

Patricia Molloy
Legal Assistant

G0608T8706




Document image editing & customization with i-Code Doc

Edited Document With Customized Content

PHILIP INC | Replace Title

COMPANIES INC.
120 PARK AVENLUE. NEW YORK NY 10017 - TELEPHONE (212) B80-5000

April 18, 1990

The company address below is: Add Text

Mr. Abner T. Herbert, IITI
9470 Martin Ra&.
Roswell, GA 30076

Dear Mr. Herbert:

In accordance with vour recuest, the following are the

proponents of Proposals 3 and 4 included in our 1990 Proxy
Statement:

Proposal #3 Claim to

Beneficially own
Evangelical Lutheran Church in America

8765 West Higgins Road
Chicago, IL 120,000 shares

Ed Crane, Director
Corporate Social Responsibility

Proposal ¢4 (by UDOP)
Some random name.

Some random street. Replace Text

Some random city, state. 1,098 shares

Sister Annette M. Sinagra, O.P.
Corporate Responsibility Coordinator

and
Corporate Responsibility Office

Province of Saint Joseph of the Capachin Order
1534 Arch Street

Berkeley, CA 40 shares
(Rev.) Michael H. Crosby, OFMCap Change Serial
Corporate Responsibility Agent

Numbers

Sincerely,

7
/ﬂ;? i B j%%;7
P A P B
Patricia Molloy

Legal Assistant

98¥93€660¢




Document image editing & customization with i-Code Doc

Original

Document

Mx, Williaem J. Halley.

advertised brand.

filter cigarcttes the claim "one arf
Our information indicates that rfive
and tars in the smoke than Old Gold
therefore guestlon this claim uwuader

We are writing you in a spirit

advice in this regard.

W/ Radlc, Augast 16, 1955

Page Two.

According to scientific test results In our files as recent as two
weeks ago, the smoke of Kent clgarett=ss does not contain gigonificantly
less nicotine or tar than the smoke frcocm other fillter tip cigarcttes and,
insof'ar aa the cleim "cleans' the smoke is concerned, contains substantial
gquantities of botn nicotine and Tars. The same test results indicate that
the smoke rfrom Kent clgarettes does not contein significantly less nicotine
than another ropuler brand of non-ITllter cigarette and contalins more tar
ino the smoke as compared to the smoke of the ssme non-filter popular brend
clgarette. In view of this information, we gquestiocon the propriety of the
themes above referred to in the advertising for Keat cligarettes.

It 1s our viecw that smokers cxpect from advertising claims comparing

Tthe mearits of filters and riltration erffectiveness that they will bensrit
phyajically and to the degree claimed or implied in the advertising by the

wWe have further noted In connection with your advertising of 0ld Gold

the finest filters known to science.' L/
other filter brands contain less nicotine
flilter cigarette smcke contains. wWe
Culde 2.

of cooperatiosn Lo inguire what your

campany ‘s disk¥position and policy will be with respect to these and similar
claimse Toxr the Kent and ©Old Gold cigsreties.

We will greatly appreciate a prompt response to this letter and your

Very truly yours,

Charles F.. Grandey,
Dircceto) o




Document image editing & customization with i-Code Doc

Edited Document Layout

wveeks ago,

insofar as
quantitiew

cigarette.

&r 4is
the merits
physically
advertised

therefore

claims for

Mr. William J. Halley.

Page Two.

Change Line Break

According teo scientific test results in our files as recent as two

the smoke of Kent cigarettes does not contain significantly

less nicotine or tar than the smoke from other filter tip cigarettes and.

the claim "cleans' the smocke is concerned, contains subhstantial
of both nicotine and tars. The same test results indicate that

the smoke from Kent cigarettes does not contain significantly less nicotine
than another popular brand of non-filter cigarette and contains more tar
in the smoke as compared to the smoke of the same non-filter popular brand

In view of this information, we question the propriety of the

themes above referred to in the advertising for Kent cigarettes.

our ri=w that smokers expect frow aveertising claims comparing
of filters and filtration effectiveness that they will benefit
and to the poneree claimed or impiled in the tasertiasing by the
brand.

We have further noted in connection with your advertising of 0ld Gold
firlter cigareitien the claim "onwm of the fineat rilters known to ascience. ay
Qur informmtion indicates that five other fiiter bLrenda contain less nicotine
and tars in the smoke than 0Old Cold filter cigarette smoke contains. wWe
Question this claim under Gulde 2.

We are writing you in a spirit of cooperation to inquire what your
company’'s diskposition and policy will be with respect to these and similar

the Kent and O0ld CGold cigarettes.

We will greatly appreciate a prompt response to this letter and your
advice in this regard,

Very truly yours

Rearrange
Ch les E. § ey . -
‘rnjrecto::nd . Er"j"1g

Radio, August 16, 1955
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Edited Document

SIDESTREAM VISIBILITY ID
(2 _l1420 )

Aequestor: John Pajioe  Oace: 220420 _____ Faper: Code Number XMVV-4A
Papar Filler _20% npomioal 9040 590G, nand goouad sample of Norchupito.
ShNEL Mg (GO 1. ©1. Soarsa surlaces ol pageerc oue (o Tillex. COpacaty 01

-1 Weight (q/mz) Y | Y- S——

Porosity {(CORESTA) 6.9
Sizing Agents (type and laval) _68% nominal X _Succioatre. (7 . B85% by analyaind

Cross-reference Similar Modeals

Commuents: By analvais. Ba J. 922, M@ J 03, K 3 16% (pcasible leaching Qf Na),

Tobacco ¥Filler . _AXT Filter DAY = Cigarette Weighc 31033
Mathod (check one) __ = Orther Rizla Scper X  Rizla Luxury
Date Cigarecres Preapared _4/718/91 = Numbar peaps = By T.W
I SINGLE-PORT SIDESTREAM VISIBILITX DATA I
n = _3 * Attenuation 25 Stetic Burm Time (min.) _1Q.0 &.0. 2.8
Extincrion Coerrficiemc Q.29 S. 2. 0. 0G EC x SBT ____2.30
Asn: Acdbhesion: L Color __ 4 rali orr __ 2 Solidity 3

Analyse S Dates Analyzed -

& Reduction &3 relative to _ EAG 2 with EC __0.78% @ S.D. n = _6&

SUBJECTIVE SCREENING :

Smoker _B. Flowd Ralative Ratiog =.0 000

c ts hot. =nl. haxah. =l Se0. Aasbil L

Srmeker G, DBolkolman = o F X

Comments med. dmpact, spicy. asteiogenl..tongue bite. thicx black chaxlina.
—Aatainiocg. darck goey aah

Smokexr T Sandors RAelariwve Hating 2.5 —_

Comment s low imMpacia haran. unpleacant. bitbtsas aftectaste, oo tol.rasce. poos
AsSh aRppOaraiGe

SIDESTREAM VISIBILITY ID
(2 1420 )

Requesuor: Jobho Paine  _  Deste: 930410 ______ Paper Cods Number

Paper Filler &z..‘_gum.n_L_Lhn-_AuhALmnAa—Modlfy Text

Basis Welight (q/-\ I pp—— f_ Y G Porosity {(CoOomEsS ™A . S.9

Sizing Agemtas (type and lavel)

Cross-reference Similar Models

Conanant s - is o Qf_Naj. .
Tokbacco Filler ____AXI Filtex DAV Cigarette Weighc __2QJ2
Mathod (check one) — Ornar Rizla Supexs X _ Rizla Luxury

Date Cigaretran Prapared _4/16/93 . Number psepared 32 By e

| P ———— | Modify Subtltle

Relative Rating 2.0

2250206200

4 Attenuation 25 Static Durn Time (min.) s.o. 2.8
Excincrion Coarfrficient _____0.29 S.o. EC x SBT
A=nh: Acdhesion 1 Color 4 rall ors ___ 2 Solidity 3
Analyae Dates Analyzed

& Peduactios &8l relative to _BAG = with BC _ Q.78  S5.D. _

Change Serial
M_N@grs

SUBJECTIVE SCREENING :

Smoker _B. Flaowd 000 Relative Ratiog

Comments hot. sl. harsbe S1. QIeSO. 838rinden

Smeker O. Bokclman B ey — xelaclivae Rati

cComments mod. impact. spicy. astriogent. Longue bitas BRicK.
—— —Aralning. dark Qrey ashn

Smoker T. Sandors Relarive Rating

2254258815

o = low S . Baran. unpleasant. hittez a
Ach appoaraiiue

Icnlnncnt.n A new comment added at the end of document by UDOP l Add Text

IS

IF
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* Analysis



Answer Localization for Document QA

Hindawi / Blog / Blog Post

S

2, SciencePod @© 15Nov 2019

Question 1:
Where is the
DSN located?

Answer 1:
California, Spain
and Australia.

Region of Interest 1

Latest from our journals Share Post

Understanding the most O m 6 ©

powerful magnets in the
universe

Question 2:

How many magnetars
are known to people?
Answer 2:

29

New study examines bizarre workings of rare type of magnetic star.

Neutron stars — ‘dead’ stars left over when a giant star collapses — are
some of the densest objects in the universe. Young, spinning neutron
stars, known as magnetars, can have magnetic fields 1,000 trillion times

's. T 9 E 2 £ - p—
hi h’s. Th , of which ki f i [« |
?ﬂrongerl an Eart! s ese rare stars, of which 29 are currently known ¢ Qg E@ i&ﬂ t§ u l E 2 [LQ r’iﬂ - ;’
include a group that is rarer. ¥

A new study, “Observations of Radio Magnetars with the Deep Space
Network”, published in Hindawi's open access journal Advances in
Astronomy, has used a network of space telescopes to look in detail at
three of the four known radio magnetars and one magnetar candidate, a
star showing some magnetar-like behaviour.

The Deep Space Network (DSN), an array of radio telescopes located in
California, Spain and Australia, is mostly used by NASA to track spacecraft
= but the telescopes are sometimes Used to study other objects in the sky
too.

Study authors, Aaron B. Pearlman, Walid A. Majid and Thomas A. Prince
from the California Institute of Technology in Pasadena used the DSN to
monitor the emission from three radio magnetars and a magnetar
candidate over more than a year. They found that the pulsations from
these magnetars varied greatly during the observation time.

Note that VisualMRC dataset (the
shown example) only provides
paragraph-level answer locations



How effective is the vision modality?

Infographic VQA (InfoVQA)

DocVQA T

53,000 10,000 7,500 12,000 3,500 ;
- ¥ CANADA POST AMAZON FEDEX UPS DHL |
4 Amazon earned a large portion of media attention despite
BUSINESS EXPENSE VOUCHER its smaller workforce. i
Employee Name Account Number MEDIA COVERAGE BY CANADA’S LARGEST CITIES
Charles A. Blixt 71614 FHANSIVER CANADA POST
= = Canada Post and 2
Mailing Address (If applicable) Extension Number et s « AMAZON
Sr. VPIGC (91 0) 741-0673 than double the
coverage of other
1 1803 delivery services.
’ Amazon had the most
Execuhve coverage in Toronto,

Ottawa and Calgary, all
locations of fulfillment
centers.

mi#’.y

TORONTO=*
CALGARY= S ETTANR

Q: What is the Extension Number as per the How many companies have more than 10K delivery workers?

voucher? Answer: 2 Evidence: Figure
GT: (91 O) 741-0673 Answer-source: Non-extractive Operation: Counting Sorting

Who has better coverage in Toronto - Canada post or Amazon?
Answer: canada post Evidence: Text

Th e answer can be fO un d | n OC R ann Otatio ns Answer-source: Question-span Image-span Operation: none

In which cities did Canada Post get maximum media coverage?
Answer: vancouver, montreal Evidence: Text Map
Answer-source: Multi-span Operation: none

Figure 1: Example image from InfographicVQA along with ques-
tions and answers. For each question, source of the answer, type
of evidence the answer is grounded on, and the discrete operation
required to find the answer are shown.

Yes, the vision
modality is effective on
vision-dependent
dataset

Model DocVQA InfoVQA

UDOP 84.7 47.4
UDOP w/o Image Embeds 84.4 45.0




Info Ext. Classification

Model Modality
. FUNSD CORD RVL-CDIP
Ablat|0n StUdy Donut \% - 91.6 95.3
BERT g0 T 6563  90.25 89.92
BROS e [15] T+L 84.52 97.40 -
StructuralLM arge T+L 85.14 = 96.08
LiLT [47] T+L 88.41 96.07 95.68
FormNet [23] T+L 84.69 97.28 -
. L . .. LayoutLM g T+L  77.89 . 91.90
Self supervised pretraining is already competitive: SelfDoc V#TsL 8336 - 0281
UDoc . V+T+L 87.93 98.94 95.05
Table 8. Ablation study on pretraining objectives. Performance is reported on validation sets.  myro =" Sir 5 0 ove
LayoutLMv2iee  V4T+L 8420  96.01 95.64
LayoutLMv3jy,. V+T+L 92.08 97.46 95.93
a1 . : o a1 ate UDOP-Dual V+T+L 91.20 97.64 96.22
Pretrain Objectives  #Pretrain Data DocVQA RVL-CDIP FUNSD CORD o Ay T o i
MLM 11.0M 79.7 95.3 90.2 96.7
UDOP-Dual
Self-Supervised 11.0M 83.5 95.8 91.5 97.2
+ Supervised 12.8M 84.1 96.1 215 913
UDOP
Self-Supervised 11.0M 84.4 96.2 91.0 97.2

+ Supervised 12.8M 85.0 96.3 91.9 97.4




Conclusion

* Unified representations and modeling for vision, text and layout modalities in
document Al.

* Unified all document tasks to the seq2seq generation framework.

 Combined novel self-supervised objectives with supervised datasets in
pretraining for unified document pretraining.

 UDOP can process and generate text, vision, and layout modalities together,
which to the best of our knowledge is first one in the field of document Al.



