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Traditional Terminology
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Traditional Terminology (2)
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Levels of Table Recognition
-

Start: Print, ASCII, HTML, PDF, EXCEL, ...

e Detection, 1solation, extraction

o Structural analysis (recover 2-D array structure)

o Canonicalization (distribute headers)

e Transcription (recover text)

o Interpretation (Wang Notation: layout-independent representation)
e Understanding (?)

End: editable/reconfigurable/reusable table, DB, IR, DM, SWeb
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Detection, 1solation, extraction
e

5 Evalwation of WINT

Every atiempi by every subject was wcorded in detail during evaloation. An example of
the complete log for ape atiempi appears in Appendin E. The log recorded times and
boiton clicks made by the wser specifving whether the button click was to undo a
mistake or not A& subject’'s inkeraction with WINT can be re.created with the Logs.
Appendix G shows summaries of times for every iahle.

An exampl summary iahle for TO9 is shown in Tabke 5 ALl values (ime in
seconds] ane averages over subjects. £ of auessper is the verape number of altempos
made by all subjects on a tahle. Tise for Pre.Frocessing (computer time) is the time
taken to display the original HTML wble, comvert the ASCII file to a Matlab array, and
display a corresponding GUT o the subjec. Tisme ro Commracy Cazegorfes (subject tme )
is the time mken by subjects to think akout and click the cells designating cale pories.
This time indicates the confosion factor (Section 01 of a tahle; subjects spend mane time
corstnicling cabegories when a table is confusing.

Time for Cegory Correcsion (subject time ) is the time sohjects took 1o cornect all
cake pories in the tabke using the error-comection GUL This time is higher for condusing
and badh-formed tables and lower when subjects have seen similar cables before Time
for Fima! Processing (compuker time) is the fime tiken to perfonn final cale pory
processing, penerabe category notation, penerake deka notation, and peperate the XML
represeniation. Tosa! Tise is the addition of all time and % Subieo Tisee is the prroent of
total time that is sobject time.

Tobike 5 Dt bt bon af Pro e ssing, Time: Tor TOS, 4 versge Over All Snbjgecis

AVERRGE [ ST0 DEVILTION | [ VERAGE [ 10 CEVIATION
% of nite e Ghe
ﬁ:ﬁ;ﬂm 53 Qo £ of aitempls 1.5 QES
EI=] S5 Tine for PE-Frocesting 052 [
: L0231 Lads Time 1o Consinci Caiegores BB &7 63
i 2 TinE ot Cake gory Comecton | 10531 EXY
Fercent Tablke is Completed EEEL] S Time tor Final Prooessing n43 ale
% Subject Time L] ool Toil Time LB431 L¥2 1]
[ Perom Tabk o
W ang notation was generated in BLT3% of all amempis and was generabed correcaly Percent Ta - i Cﬂwﬁ!tﬂﬂ 7778 3405
% Zubgsct Time [L58 101

in 57.25% of all amempts (Table &) Figure 45 shows the resolis of the evaluation by
50
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Array Models for Structural Analysis

Cells are larger left and top
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“Canonicalization”
eSS

Mark
Year Term Assignments . Examinations Grade
Assl Ass2|  Ass3 Midterm Final

Winter 83 80 75 60 715 75
1991 Spring 80 65 75 60 70 70
Fall 30 83 75 55 80 75
Winter 83 80 70 70 75 75
1992 Spring 80 80 70 70 75 75
Fall 75 70 65 60 80 70

? ? Mark Mark Mark Mark Mark Mark

? ? Ass’t Ass’t Ass’t Exams Exams Grade

? ? Ass 1 Ass 2 Ass 3 Midterm Final Grade
1991 Winter 85 80 75 60 75 75
1991 Spring 80 65 75 60 70 70
1991 Fall 80 85 75 55 80 75
1992 Winter 85 80 70 70 75 75
1992 Spring 80 80 70 70 75 75
1992 Fall 75 70 65 60 80 70
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Asymmetry

MALE FEMALE
WEIGHT | HEIGHT | WEIGHT | HEIGHT
AGE
5
10
15
MALE FEMALE
WEIGHT | HEIGHT | WEIGHT | HEIGHT
5
AGE [,
15
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Example of low-level analysis
-

Table I
gonsity hepth
fleck (Id/gg) (gd)
burlam 1.2 120
falder 2.3 230
multon 2.5 350
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Structural Analysis

XXXXX XXXXXXX XXXXX
XXXX XXX
XXXXX XXX XXX
XXXXX XXX XXX
XXXXX XXX XXX
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Table Transcription
-

fleck gonsity hepth

(1d/gg) (gd)
burlam 1.2 120
falder 2.3 230
multon 2.5 350
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Another relevant table
e

Table II
goldam 1.2 1d/gg 120 gd
falder 2.3 1d/gg 230 gd
elmer 2.5 1d/gg 350 gd

Table transcription is not sufficient for combining
information from Table I and Table II. But it can often
be accomplished with current commercial software.
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Existing Table Conversion Software

HTML
web pages

A

\4

Array model
geometric
representation

2

TIF
scanned bitmap

MS-Word
table creation

\4

Adobe PDF
web pages

A

v

MS-Excel
spreadsheet

Wang model

abstract table *

7}

XML tags

Access
relational DBMS

* Tabular abstraction, editing, and formatting, Xinxin Wang, PhD thesis, University of Waterloo, 1996.
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Existing Table Conversion Software
-

Table as rendered by Microsoft Internet Explorer 6.0:
A CIA - The World Factbook - Appendix D - Microsoft |I... : E\E\

Eﬂgdresa & hitp: /fwww cia.gov/ciafoublicationsfactbook fappendix/appendix-d.ht v | B3 Go &
- File Edit View Favorites Tools Help
& . © %] El { ’ @ Lirks
Back Stop Refresh Home Search 5 5

Organization for Standardization (I50) 10 fre 50 3766 Aipha-Z hstf and used by the [nternet
Assigned Numbers aAuthority (LANA) to establish country-coded top-level domains (ccTLDs),

Entity FIPS 10-4 IS0 3166 Internet Comment
Afghanistan AF &F AFG 0044 .af
Albania AL Al ALE aoa Al
Algeria AG Dz DZA, o1z dz B
American A &5 A5 016 as
Samoa
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Existing Table Conversion Software

Table copied into Microsoft Word 10.2:

Entity FIPS 10- 4 ISO 3166 Internet Comment
Afghanistan AF AF AFG 004 .af
Albania AL AL ALB 008 al
Algeria AG DZ DZA 012 .dz
American AQ AS ASM 016 .as
Samoa

Not as an 1mage or graphics!
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Existing Table Conversion Software
-

Table copied from Microsoft Word into Excel 10.2:

& Microsoft Excel - Book1 |:||E\E
Eile Edit View Insert Format Tools Data Window Help Adobe PDF screen dump v _ 8 X
Arial ~10 B ru|l=S==B|%%,; $%EEE-D-A-_
DE=EdH SRBY +tBR-< - @ E-8l 3 mB200% B, atathaTEm B ER
E1 - i
| A | B | C | D _, = F | G =
L]
I 2 - Entity FIPS 10-4 ISO 3166 Internet | Comment
‘Afghanist |AF AF AFG 4|.af
! 3 an
‘ 4 Albania AL AL ALB 8|.al |
' 5 Algeria AG DZ DZA 12[.dz
‘ American |AQ AS ASM 16].as
6 samoa
‘ 7
u'cij » »]\Sheetl / Sheet2 [ Sheet3 / |« >|]L
Draw~ [y AutoShapes- ~ “ OB A4 ¢ B d-S-A- = =SB @G .
Ready
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Existing Table Conversion Software
-

ASCII version of the table (as rendered by MS Word):

O C1A table from tab delimited text - Microsoft Word

! Fle Edit View Insert Format Tools Table Window Help Type a guestion for help |+ X

0 S (3 AT RS A9 @ ] 125% - @ Geead  [icowerNen -0 o) 7 U S :

El ' E ------- A T T B 2o e I oo 4 0 LS £ f

) Entity FIPS 10-4 ISO 3166 Internet Comment

. Lfghanistan LF LF LFG 4 .af

: RAlbania AL AL ALB 8 .al

i Rlgeria LG DZ DZA 12 .dz

) Imerican Samoa AQ LS ASM 16 .as

- b’

- +
o

’ F

=eE|=z@<¢ ¥

Page 1 Sec 1 11 [EE:4
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Existing Table Conversion Software
-

Table rendered from a PDF file:

Dissimilarity indexes of labor force projections

Standards of comparison

Actual population and—

Census population

Age BLS estimate and—
projections
BLS participation rate 1988 participation rate 1988 participation rate
Gender, g2 ..o, 1.83 2.02 2.24 2.32
Men, age ... 1.63 91 B2 1.37
Women, age ... 1.91 2.86 2.4 1.32

Can be saved at .rtf
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Table Interpretation

row/col header € -2 content cell relations
-

o Table headers as category trees roots?
o Dimensionality (number of categories)
o Tables as hypercubes
» Wang Notation
INCOME EXPENSE
This is a 2-D SERVICES | PRODUCTS | SALARIES | TAXES
table

2008 8,000,000 12,500,000 4,000,000 1,700,000

2009 8,800,000 14,000,000 4,500,000 1,800,000

Any combination of paths through the category trees must lead to a delta cell;
Each delta cell can be reached through a combination of catergory paths.
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Table Interpretation

virtual column header
(stub) (“‘characteristic”)
gonsity hepth
(1d/gg) (gd)
burlam 1.2 120
fleck falder 2.3 230
multon 2.5 350
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“Layout-invariant” Wang Notation
-

. C= (fleck,{(bulram, ¢), (falder, ¢),(multon, ¢)}),
Categories  (characteristic, {(gonsity, ¢), (hepth, ¢)}).

Header cell mappings

N
18 = ({fleck.burlam, characteristic.gonsity}) — 1.2

({fleck.falder, characteristic.gonsity}) — 2.3

({fleck.multon, characteristic.hepth}) — 350

Essentially a set of category trees with common leaf
cells — requires modification for table interpretation.
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Table I11

fleck
burlam | falder | multon
gonsity 1.2 2.3 2.5
virtual | (ld/cg)
row
hepth 120 230 350
header (d/cg)
2 Table |
Same Wang Notation as Table I. fleck %fdl}ilgt§ h(i%t)h
burlam 1.2 120
falder 2.3 230
Notes on Contemporary Table Recognition multon 2.5 350
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Well-Formed Tables (WFT)

DI C1_ Bl Al  delta Cl Bl Al
DI Cl1 Bl A2 delta cl1 Bl Al D1 C1 BT Al
DI C1I B2 Al dela c1 Bl Al D1 C1 BT Al
DI Cl1 B2 A2  delta Cl Bl Al Bl C1 B2 Al
DI ClI B3 Al delta Ccl1 Bl Al D C1 B2 A2
DI Cl1 B3 A2 dela Cl1 Bl Al D1 C1 B3 Al
DI €2 Bl Al delta C2 Bl Al D1 C1 [B4] A2
DI C2 Bl A2 delta C2 Bl Al D1 c2 B1 Al
DI €2 B2 Al delta C2 B2 Al D G2 B1 A2
DI €2 B2 A2 delta C2 B2 Al D1 G2 B2 Al
DI C2 B3 Al delta C2 B2 Al D C2 B2 Al
DI C2 B3 A2 delta C2 B2 Al D1 C2 B3 A1
DI C3 Bl Al  delta c3 B2 A2 D C2 B3 A2
DI C3 Bl A2 delta Cc3 B2 A2 D c3 B1 A1
DI C3 B2 Al  delta c3 B2 A2 D1 C3 B1 A2
DI C3 B2 A2 delta c3 B2 A2 D1 C3 B2 A1
DI C3 B3 Al  delta C3 B3 A2 D1 c3 B2 A2
DI C3 B3 A2 delta C3 B3 A2 D1 C3 B3 Al
DI C4 Bl Al delta c4 B3 A2 D1 C3 B3 A2
DI C4 Bl A2 delta c4 B3I A2 D1 c4 B1 Al
D1 c4 B2 Al delta C4 B3 A2 01 C4 B1 A2
D1 C4 B2 A2 delta c4 E3 A2 D C4 B2 Al
D1 C4 B3 Al delta C4 B3 A2 0 c4 B2 A2
D1 C4 B3 A2 delta C4 B3 A2 D c4 B3 Al
D1 c4 B3 A2
#items 4 3 2
: # repetitions 6 8 12 .
cvery row unique # lispt rows 24 24 24 Cvery row unique

Notes on Contemporary Table Recognition
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6-D table

Table 5. Average temperatures, 1900/2000, degrees centigrade
N

HEMISPHERE S S = = M M M

LATITUDE 10° 100 200 20° 10° 10° 20° 20°

WATER/LAND water land water land water land water land

YEAR  SEASON TIME

1900 =zummer Moo a2 KH a7 a5 a0 33 35 38
1900  =summer  midnight 28 32 33 35 26 29 30 35
1900 winter naan 21 25 28 28 21 24 25 26
1900 winter  midnight 18 22 24 26 17 20 17 22
2000  =ummer Moo 33 a7 a7 40 30 33 36 39
2000  summer midnight 25 32 34 35 26 29 30 35
2000 winter naan 21 25 27 28 22 23 24 26
2000 winter  midnight 20 22 25 26 18 21 18 22

Notes on Contemporary Table Recognition
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6-D table (cont’d)

Table 5. Average temperatures, North and South himisphere, degrees centigrade

LATITUDE 10¢ 10¢ 20° 20°
WATERMLAND water land water land
HEMI-
SPHERE YEAR  SEASON TIME
S5 1900 summer noon a2 35 a7 39
5 1900 summer midnight 28 32 33 35
S 1900 winter Moo 21 25 28 28
> 1900 winter  midnight 18 22 24 26
5 2000  =zummer noor a3 a7 a7 40
5 2000 =zummer midnight 249 32 24 35
S 2000 winter Moo 21 25 27 28
5 2000 winter  midnight 20 22 25 26
N 1900 summer noor a0 33 35 38
N 1900 =zummer midnight 26 29 30 35
N 1900 winter Moo 21 24 25 26
N 1900 winter  midnight 17 20 17 22
N 2000  =zummer noor a0 33 36 39
N 2000 =zummer midnight 26 29 30 35
N 2000 winter noor 22 23 24 26
N 2000 winter  midnight 18 21 18 22

(same data, different emphasis)
Notes on Contemporary Table Recognition
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On Human Interaction
e

Complete automation 1s still out of reach.
Some HCI 1s unavoidable, sooner or later.
Sooner 1S better than later.

Discovering errors later increases negative
consequences (and potential for embarrassment).

Partial automation + interaction 1s more accurate
than machine alone and faster than unaided human.

TabbyCat (for “table categorizer”) and
WNT (Wang Notation Tool) are prototype
interactive tools for supporting Wang-style markup.

Notes on Contemporary Table Recognition
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Table Annotation & Truthing
-

Snapshot of TabbyCat for creating Wang-style table mark-up:

table3.html

File Annotate Windows

Standards of comparison

Actual population and- Census population estimate and-

BLS paricipation rate 1988 paticipation rate
20z 2.24

A1 B2 1.37

24 1.32

Age BLS projections

14988 participation rate

Gender [ age ... 232

Men / age

Women fage ..

[~} Annotate Categories

|Age (0,0) [Gender 7 age ... (3.0)

ten / age 4,00
iWomen fage .. (5.0)

iTEI“I:TS projections {0,1)

ié.L“S paticipation rate (2,1
ii 3 participation ra}e_f_aﬂ
;Census population estimz ii 388 participation raie_f.zﬂ

] Annotate Mappings EStandards of comparison |Actual population and- (1

Dim 0: |nu\| -> Age (0,00 -= Gender / age (3.0) -=

Dim1: |null -> -= Standards of comparison (0,2) -= Actual population

Datacell: [2.0Z (3.2)

Current index:

Children:

Notes on Contemporary Table Recognition .
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Table Annotation & Truthing

TabbyCat:

- table2.html
Info File Annotate Windows

ﬁﬁﬂgﬁma{‘ﬁf Examinations

Ass2 | Midtarm | Final

Winter 80 I 20 I < <
= Annotate Categories

Spring 65

i TR e —
el i 0B [vear o,m [1991 3.0

Winter g0
Spring ] _ﬁSSZ (6,00
Fall 7o

Dim 2

[Term @,1) [winter (3,1 (6,1)

[Spring @0y (7,0)

[Fall (5,0 8,00

l'Dim 3
[Mark (0,2)

] Annotate Mappings b3 H
|
U
|
|

Assignments (1,0) [asstzmy
8332 (2,1)

Final (2,4)

Dim 0 [null -> Year (0,0) -> 1931 (3,0) =

Dim 1z [null - Term (0,1) -> Fall (5,0} (8,0) -=

Dim 2: Emull -= Mark (0,2) -= Assignments (1,00 -> Assl (2,0) ->

Grade (1,2) ‘
Datacell: [40 (3,1

Current index:

;I 3 ;I Children:

[
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Table Annotation & Truthing

Tear Term Assl A Hass fo P Y Fud Grade
Wl iu] il T 1] T ]
Sprng 1] 05 ] 1] a0 Flll

L5581 Eal 1] e L] 55 &0 15
Wi ija] £ T Tl 5 45
Speng 1] B0 fLn] 70 15 15

1542 Fal [ ™ 2] Gl (=] i
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Table Annotation & Truthing

e
WNT (verification):

Fle Edt View [Irssrt Took Deskiop Window Help

DeEd&S h aMe & 08B s O

Tarm Assgnmen = Assighmeants Assanments
| I &rr :

Figure 39: Verifyving Delta Cell (1)
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Table Annotation & Truthing

-
WNT (verification):

Figure 2 I'_.._| O ,E
k|

Fle Edt Yew [rgert Todls Deshlop Window Help
Ded&S K aMHe ¢ 0B s O

Year Weark Mark Merk Mark Mark Meark b2

Figure 41: Verifying Category Cell (1)
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Table Understanding

With domain knowledge? Ontology??

o Currently multon 1s the best value for rapitting
velters. It 1s about 25% better than burlam or falder,
which are nearly the same.

o Check Table II to see whether elmer 1s even better.

Notes on Contemporary Table Recognition
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A Table Ontology

n-Dimensional Table n=0Q

CategoryNode

CategoryLeamNode CategoryParentNode

f A
Datavalue ™1 DataCell

............. : AggregateNode

-y

Figure 36: Ontology of a General Table
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Table Analysis for Generating Ontologies
(with D.W. Embley and D. Lonsdale at BYU)
http://tango.byu.edu/

o Interpret raw tables
e Converts each table into a mini-ontology

» Integrate mini-ontologies into growing ontologies
that represent domain concepts, relationships, and constraints in the
already processed tables.

Domains:

obituaries, census records, automobile ads, genetics, geo-politics

Notes on Contemporary Table Recognition
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Our current source of tables

A Statistics Canada - Summary tables - Microsoft Internet Explorer

. File Edit View Favorites Tools Help E'
@Eack = \_‘J @ @ \r_b pSearch ‘-E,Q:.;‘Favorites @ D&%' :;, [#] - D‘ﬁ @ 'ﬁ
§Agdr955‘@ http://www40.statcan.ca/I01/est01/ v ‘ Go |links ! @~
GDDglE“Gvcanada statistics V|Go G5 @ ® Y~ ¢ Bookmarks= & 70 blocked " Check = % Autolink = =] sutoeil 3 (@) settings=
]
I*I Statistics  Statistique C, nadﬁ e
Canada Canada .

[Frongeis | Contactus | Hep | Search | Conoceste | ]
Site map About us Privacy Accessibility My account _

| ey Word(s) | [ Search Summary tables ]

HOME STATISTICS CANADA

CANADA'S NATIONAL STATISTICAL AGENCY

Overview

Statistics Canada - Summary tables

* zubject

* province or

This selection of summary tables, formerly called Canadian Statistics, provides an overview of statistical ..E |
information on Canada’s people, economy and governments. Please feel free to explore the tables by

territory entering keywords in the search window below, or by using one of the navigational buttons in the left ﬁ‘!
* metropelitan menu bar. r

area

Alphabetical list New text and charts!

What's new? Summary tables now includes the Overview section where you can find charts and analysis.

Standard symbolz

Kev Word Search :
Search Summary tables Hey VVor (s) H l Tips
tables

. Unless otherwise noted, all information is provided at the national level.
Index

Labour Force B
Survey

Grozs domestic
product

€ s

X | Discussions ™ | *j_‘f; % ty ﬁl Ii” EDiscussions not available on http:/fwww4a0.statcan.caf
&] # Internet
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ndiastat.com:

Perhaps next?

File Edit View Favorites Tools Help

Q- © DR G Psean Jrrmors @ 25 @ -

Jeges

Internet..

: Address ‘@ http://wanw.indiastat.com/

. Google |G+ Statistics India

Home Membership Info

Data Search

B -

Statistical
Information -~

Administrative Setup
Agriculture

Banks and Financial
Institutions

Civil Supplies and
Consumer Affairs

Companies
Cooperatives
Crime and Law
Demographics
Economy
Education
Electoral Data

Enwvironment and Pollution

Foreign Trade
Forest and Wildlife
Geographical Data

- i:| REVEALING INDIA.... STATISTICALLY

U S.COhn

Contact Info Must See Publications IP Login

User Name I:I Password I:I >> Lagin 1_1 33."93.425

; ] . B - - '
Use of this web site constitutes acceptance of the 'Terms of Use and Disclaimer WORLD

6.744.364.945

(Estimated as of now)
(Today's Weather)

Indiastat.com is the suthentic scurce for Indian statistics collected from the
best sources for information and statistics on India. Within huge database of
www.indiastat.com you can easily surf through half-a-million pages that
contzsin socio-economic statistical datz and useful information on India.

At the site, you will have an easy access to statistics on health in India, figures on higher education in
India, agricultural and industrial production information, economic statistics on India and tourism
related data et al. Mot only this, you will also get information on sectors like bank and financial
institutions, companies, co-operatives, crime and law, population, foreign trade, labour and workforce,
housing, media, powsr, transport, urban-rural settlements and economy in Indiz and many more.

Datz =nd statistics about India available on www.indiastat.com czn easily be downloaded in MS5-
Excel/ HTML formats by institutional and corporate users.

The available data and statistics on India cater to academicians, researchers and professionals in
marketing, finance, socio-economic studies e.g. social sciences, economic research, political sciences,
law and hest of cother disciplines as they wvill find www.indiastat.com an extremely useful online
resource for their Indiz centric information needs. It is & paid site accessible only to registered

members.

Ads by Google GDP India India Girl India Energy India Cement

X | Discussions ™ | *j_‘f; % ty ﬁl Ii” EDiscussions not available on htip:/fwww.indiastat.com/

L

v‘(;o i Links § -

V|Go G5 @ ® Y~ ¢ Bookmarks= & 70 blocked " Check = % Autolink = =] sutoeil 3

@ Settings~

~lld

[«

@ Errar on page.

%

# Internet
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Current Status
e

Most previous work (>100 papers) on table layout
analysis and transcription.

Easier for tables in symbolic form (.doc, .xls, .pdf,
html) than for scanned bitmaps.

Most methods process only one table at a time.
Commercial software already does it fairly well.
Interaction required 1n many cases.

The next step, 1n our view, 1s table interpretation.
Table understanding is waiting in the wings.
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Why 1s table processing so difficult?

o Tables are intended for human consumption
o Often the content of the table must be inferred from external knowledge

o The roots of category trees are often missing

o Tables are intrinsically asymmetrical

o Tables are often combined or split to suit layout constraints
o Understanding tables requires domain knowledge

e Some authors consider understanding tables harder
understanding natural language

o Tables are not forms
they are meant to disseminate information,
whereas forms are designed to collect them,

o Web tables are often nested
o Web tables can be dynamic
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Next: some examples of tables from
-

D. Lopresti and G. Nagy, "Automated table processing: an (opinionated) survey," Proceedings of IAPR
Workshop on Graphics Recognition (GREC99), pp. 109-134, Jaipur, India, September 1999.

D. Lopresti and G. Nagy, "A Tabular Survey of Table Processing," Graphics Recognition -- Recent
Advances, A. K. Chhabra and D. Dori, Eds., Springer Lecture Notes in Computer Science #1941, pp. 93-
120, 2000.

J. Hu, R. Kashi, D. Lopresti, G. Wilfong, and G. Nagy, "Why table ground-truthing is hard,"
Proceedings of International Conference on Document Analysis and Recognition, pp. 129-133, Seattle,
WA, IEEE Computer Society Press, September 2001.

G. Nagy and D. Lopresti, "Issues in ground-truthing graphic documents," Lecture Notes in Computer
Science, pp. 46-66, Springer, 2002 (sclected papers from the Fourth International Workshop on
Graphics Recognition).

S. Veeramachaneni and G. Nagy, "Style context with second order statistics," IEEE Transactions on
Pattern Analysis and Machine Intelligence, vol. 27, #1, pp. 14-22, January 2005.

D. Lopresti, D.W. Embley, M. Hurst, and G. Nagy, "Table Processing Paradigms: A Research Survey,"
International Journal of Document Analysis and Recognition, vol 8, no. 2-3, pp. 66-86, Springer, June
2006.
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Table of tabular Q & A

Why tables?

Prevalent means of communicating structured data

Content may include words, numbers, formulas, even graphics
Metadata represented by alignment and rulings

Adapted to computerized composition

Underlying paradigm for spreadsheets and relational databases
Bridge between textual and graphic representations

What 1s a table?

2-D cell assembly for presenting information
Regular, repetitive structure along at least one axis [41]
Datatyvpe determined by either horizontal or vertical index

What is a form?

Isothetic layont for collecting information
One-to-one mapping between indices and data
No implication of regularity [41]

What is table
analysis?

Information extraction follows table detection and localization
Geometric analysis to isolate cell contents

Table structure determined simultaneously

If needed, OCR translates cells and headers into symbolic form
Interpretation requires understanding context

Rationale for this
study

Importance of converting tables from one medium to another
Rapid growth of tables in various digital formats

Desirability of medium-independent query algorithms
Interdependence of table composition and interpretation
Advent of new applications that require table interpretation
Need for research to address neglected table topics
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Table of table analysis methods

TABLE 1
& BRIEF SURVEY OF GEOMETRIC PasGE-LayOuT ANaLyEiE METHOOS
Authar Yaar Approach Featurea
1 | Wahl e al. [11] 1982 | Aun kength smeathing Tims3 consuming and skaw sanskiea
2 | Magy et al. [12] 1984 | XY tres cul Skaw sensitive: Assumas rectangular blocks
a3 | Wangetal [13] 1988 | Aun langlh smoothing and racursie Mewspapar analysts; Sansiive 1o skew
H-Y oot
4 | Fujiagwa ot al. [14] 1880 | Top-down Japandaas patant ocuiments
& | Fisherat al [15] 1880 | FAun knglh smoothing and connected | Identifies bext and nonbaxt zones, Skew sensiive
camporsand exiractian
6 | Pavhdis &l al [16] 1981 Column eriented projection Iddenlifims baxt and nontaxt regans; Accommaodates mad-
orato §kow
T | Bawd [17) 1992 | Glabal-to-local strabegy Aocommodates diferent languages; Skaw carrectiang
B | Jain ot al [18] 1992 | Gabor fibering Multichannal texture featuras from gray-scale images;
Tima caansuming
9 | Lebowgeois el al, [19] 1997 | 8= 3 window fillaring Linconsirasned documents; Skaw ned considared
10 | Pavlidis et al, [20] 1892 | Horizonlal smaaring and botiom-up Accommodales small skaw; Fad parametars
11 | Akindale at al, [#1] 1493 | 'Whits space fracing Palygenal blocks; Cnly fext 2ones considensd
12 | Amamaoto e al, [2#) 159493 Mdonphologicad oparaton on whe ldenlifigs horizontal and vertical writing; Skes not consid-
space arad
13 | Itnaer et al (23 1893 | ‘While space and minkmum spanning | Language and onenlation free; Large comautatizn
frag
14 | O¥Gorman [24] 1893 | k-nearest peighbar clsiering Can handla arilrary arieriation with gh accurscy; Lanps
campuiation
15 | Anloracopoulos & al 1894 | Comtours Troem whila liles Finds nonrectanpular and skewed regions: Emos in clas-
[25), [26] sifying large fants
16 | Zlatopolsky [27] 1894 | Cormecied comparent exiractan Multiple skewed document; Sensilive parameters
17 | Doarmann [28] 18495 Waveled multiscale analysis Sogmants nonblock-nostod pages; Gray-scale image
processing; High computaticnal complaxity
18 | Drvas at al. (9] 1995 | Conneoted companant grouping Skaw comactian with a Sms consuming algonthm
19 | Haetal [30§ 158695 | Connected companand-nasad projc- | Faster than plaalbasad projection profike; Skoew sensite
fion prafie
20 | Swbwastar st al [31] 1595 | frainabse X-Y cut Redativedy robust; Skew and notsa free
21 | Tang & al, [32] 1985 | Modfad fractal signatune Handias documents with high gecmedncal complaxity;
Gray-scale image processing, Tene congumng
Jamn at al. [33], [34] 1896 | Magks and neural nedwoerk Handas docurmeants wilh mullipha languages; Gray-acaks
image processing: Time consuming
23 | Kise el al. [35] 1936 | Backpround thinning Skewed nonreciangular layoul Bounding bax is nol very
tighd
24 | Liu el al. [36] 1836 | Adaplive log-down and boticem-up Monrectangular regions: Skew fres
25 | Yamashita et al, [37] 1556 Fll_lun hnl# srmaaring and adaptiva Lass sensitivia to fard size and spacing; Skew free
Thmshakling

Notes on Contemporary Table Recognition

Nagy e June 2008 e Slide 41

Rensselaer




1-D or 2-D?

NAME ADDRESS TELNG
First  Last | #£ Street  City  State  Zip | Area-Code 4 Extension
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At the limit of tablehood
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Simple, but 1s 1t computer understandable?

Monday, September 20, 1999
Track A Track B Track C
Convention Hall A Convention Hall B Chanakya Hall
08:30 OPENING SESSION(Mol)
10:00 Bangueit Hall
10:00 COFFEE BREAK
Pool Side
10:30 MULTIMEDIA CHARACTER DOCUMENT IMAGE
12:30 | DOCUMENT PROCESSING RECOGNITION PROCESSING -1
Mo-2A Mo-2B Mo-2C
12:30 LUNCH
Pool Side
13:30 POSTER PRESENTATION | POSTER PRESENTATION | POSTER PRESENTATION
14:30 Mo-3A Mo-3B Mo-3C
13:30 POSTER SESSION-I (Mo-3)
15:30 Banguet Hall
{Coffee served at 14:30)
15:30 INFORMATION POSTAL FONT
17:30 RETRIEVAL AUTOMATION RECOGNITION
Mo-4A Mo 4B Mo-4C
19:00 CONFERENCE RECEPTION
21:00 Banguet Hall
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Split table

1956 DOVPC 2400bps Candidate Coder Intellibility Performance Calibrations
Wot Wt Wagt A A A A B B B B c c c c ] D ] D
DRT 0.35 A A A AlS SE SE SE|

Quiet 0.20 0100 w08 BES B9 055 01 S08 W05 048 S3E 908 %23 070 SZT 801 #4071
\inson Quiet 0100 915 914 914 042 914 884 899 083 913 911 912 078 921 894 808 057
Office 060 0067 ®18 842 915 081 #86 882 884 065 815 810 82 0TS 924 888 &1 059
Auto 0067 878 TV6 827 083 863 V82 827 081 86E TS 834 081 875 813 844 088
Humvese 0067 E1.8 669 644 106 648 B49 B4E 130 E18 644 BIT1  0T2Z 612 696 654 082
MZ Bradley 0067 674 671 673 136 663 BB 676 0B 614 672 B43 147 660 671 665 071
Helico pter 0067 615 685 650 115 686 689 68T 107 635 699 667 061 662 712 687 104
F-15 00T 749 TE1 TES 086 T4 T ™A 062 776 OTET TET 081 T34 THRZ T43 06T
EIA ooDeT 6876 B30 B53 075 B6% B48 B55 O0B1 895 855 ETS  0B5 891 BlE BES 066
PIC ooer 802 B22 BET OT1 B8T4 B15 B44 075 845 854 BE4 05D BTZ B19  B45  OBB
MCE 0067 B85 8B4 8BRS 072 B6T A7TS 871 077 890 906 BOB 108 866 BRSO  ETH 084
BER 010 o050 862 826 844 O0B% BBES B57 871 052 886 852 885 063 872 861 BET OT1
BLER 0050 923 887 910 088 924 887 811 063 934 900 917 064 902 B2 882 045
& Tandem 0.0 0050 850 853 852 073 874 843 858 080 875 845 BEO OTFZ BTE B4T  BBZ 071
D_Tandem 0050 841 £18 £330 086 830 T80 BOS5 062 B£52 H06 #2989 058 843 812 828 075
Intell. Perf IEE.W-# B1.672 82437 0.261 82.839 £1.132 81984 0.283 83378 82778 [83032] 0.241 83259 B2.214 82788 0.217

1.00 1000 A[M} A[F) AIC) A[SE} BIM) B(F} B(C} BISE} (M)} C{F) | CIC) |C{SE) DM} D{F} D(C) D{SE)
Rank 4 4 4 5 ] 5 2 2 2 3 E 3

1996 DOVPC 2400 bps Reference Coder Intellibility Pedformance Calibrations
Wot Wgt Wgt CELP CELP CELP CELP CWsD CVSD CWsSD CwsD LPC LPC LPC LPC
DRT 0.15 CelpiM)CelplF)Celp(ClZelpl SE KY (M} KY(F] KY[C} KY[{SE}LPC(M} LPC(F} LPC{CILPC

Quiet 0.20 0100 w09 %05 907 034 882 8BE BES5S 0BS5S B73 B51  BEZ  0EOD
Vinson Quiet 0100 918 903 911 044 914 902 908 066 8195 827 823 065
Office 060 OO06T 858 8B3 850 O08E 856 B8B1 8SBE 050 848 855 852 081
Auto 0067 888 £33 B61 085 880 848 8BS 102 T3  BRT &84 0TI
Humwves 0067 &06 654 630 095 652 T3 e&83 13 217 4T 0 MTFT 22
Mz Bradley 0087 807 668 838 114 T43  TE4  Ted 084 342 425 M4 127
Helico pter 0067 610 666 638 094 THE TES TT2 0T 394 G5B 476 1.24
F-15 D087 T30 TES T43 079 T4T7 TEE TEE 111 TOE 694 699 08B
EIA 0067 B46 866 B850 082 B8B2 B899 880 094 667 653 660 109
PIC o0er 857 82T B42 141% 895 860 &TT 072 805 TRS THT 100
MCE 0067 905 A78 891 09 908 900 S04 075 T7VS THT THA 1.10
BER 0.0 0050 903 860 BE2 07 Be1 ETHE BES 067 BOD BZT 814 090
BELER 0050 671 883 882 096 868 856 862 078 852 829 MO0 072
5 Tandemm ©0.10 0050 848 837 843 061 850 873 882 102 758 7T55 T5E 110
D_Tandeam oos50 830 806 818 0% B44 858 853 070 TiD T35 TIT 064
Intell, Perf £81.860 81.867 81.850 0.260 84.402 85087 84742 0.287 69157 71.250 70202 ﬂ.332|

1.00 1.000 CelpiM)Celp(F)CelpiC)Celp(SE KY (M) KY(F) KY(T) KY[{SE) LPC(M) LPC(F) LPC[CILPCSE)
Rank 6 5 6 1 1 1 7 7 7
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Where does 1t begin and en
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LITCENT TECHMNOLOGIES TODAY
For the Pecple of Lucent Technologles
Friday, February 12, 1999

LA SRR AR ESEEIE R L R R R R R Rl Rl Rl Rl Rl ERRE L EEERN]

*%+  STOCE WATCH +++

TODAY 'S YESTERDAY'S YESTERDAY'S

OFEN CLOSE CHANGE
Lugent 100 13716 101 1/1s + 3 13/16
Ascend 73 5/8 74 7/8 + 2 3/8
AT&T 87 1/z 88 3/18 + 2 3/8
Alcatel 21 7/8 22 + 13/18
Ericeson 26 1/4 26 3/8 + 1 5/1&
Motorola 67 1/2 67 1/4 + 1 13718
DJIIR 9367.32 9363.46 + 186.15
MASDAD 2375.99 2405.55 + 96.05

LA S RS AL SRS E AR SRR R SRR Rt E Rl Rt R AR EREEEEREER]

*%+ MNEWS IN A NUTEHELL *** # %% TUICENT HERITAGE **+

* New software tool on Feb. 17, 1998, Lucent

* america's most admired anncunced that 1t would

* gwltch lands in winter games acqulre Hewlett-Packard's

* students visit Bell Labs local multipoint distributicn
* World of Sclence Semlnars gservice wireless business

* 2lilent feedback survey and launch a new Wireless

Broadband Metworks Dilvision.
I EE R E X EEEEEE LR 2] LUCEI\]‘T IN THE NEH’S tEEE RS EEEREE RS KR SN

STUDENTS VISIT BELL LABS -- Hosted by Lucent EKorea,
elementary schocl students from Korea vislted Bell Labs
in WNew Jersey to explore 1lts advanced sclence and
technology. Lucent Korea provided the six-day tour for
the students to encourage thelr educaticon in sclence.
[Waeway Economic Daily (Korea), 2/12]

«») Rensselaer



EXCHANGE

-‘_

Notes on Contemporary Table Recogniti

Nagy e June 2008 e Slide 51

How many tables?

NEW YORK
STOCK

NYSE INDEXES
. - NEW YORK (AP) — Closing New
Yerk Slock Exchange indexes:

COMP correrermsser s sssinens 410.4% —0.19
1, 11 S, 761,13 —0.4
L 1o - T, 49471 —5.62
LHIIY coeseveen s snvsrmrnnann 439.68 +0.75
Finance ........commmennn 54834 —0.34

WHAT THE NYSE MARKET DID
Yester- Prev.
day
1,829
568
3,582
58

New lows ...

. DOW JONES AVERAGES
NEW YORK (AP} — Final Dow
Jones averages yesterday:

STOCKS
Last

Open High Low Chg.
Ind 9902.28 1000595 979499 989051 —13.04
Trn 333744 337600 324221 3275.48 —6280
UII 0091 068 W01 W —0n

3030.50 3061.77 2985.30 Nllﬂ =16.16

30 INUS ..o v sesenseennn 61,210,400
Tran 8,544,700
Utils . 8,781,600
65 Stk w 78,536,900
BONDS

Close Chg
DJ AlG Fulures ... 8034 +1.44
W Indusirials ... 10587 —0.30
10 Public Ut ...cneecrnneee 10263 4070
20 Bonds ...coeiemsniennniosas 104.25 —0.16

1,185

5 .

STOCK SALES
Approx final total ... .. 663,291,980
Previous day ..aeaan 912,200,000
WEBK 00 ..oveerrnrisnissone . 122,200,000
Month ago .....connee. ererrein 718,530,000
(-1 L - O — 631,350,000
Two years ago ... S 451,970,000
Year fo date ... e 43,374,202,000

To dale one vear ago ... 33,949,170,000
To dale two vears ago .. n.m.mm

BOND SALES
Approx final total .............. $13,626,000
Previous day ... £14,377,000
WEeK 80 . $12,090,000
MONTH 890 ..ciiisnninsssssenns $11,232,000
b (0.1 T- 1 .. $10,034,000
TWO YBArS 800 ..oovcarerroensne $22,323,000
Year 10 date .. $755,113,000

To date one vear ago ... $1,050,662,000
To date two years ago .. $1,431,008,000

MOST ACTIVE NYSE STOCKS

NEW YODRK (AP) — Sales, closing
price and net change of the 15 mosl
aclive Mew York Stock Exchange
issues trading at more than §1:
Name Volume Last Che
AmOnine s .. 30,279300 130 +10%
Us Fitter ..... 18,371,300 30 —&
Compag ... 16,316,100 30% —%
MedlaOne ... 13,143,800 682 +7%

ATAT .ononnn. 9387300 773 —1%
CHS El ........ 7415500 3% —%WN
WarnLm s ... 7,113,300 668 —334
PhilMor ....... 5,984,700 41% +%

[ - 5,948,300 167 —1%
RiteAld ......... 5,777,200 26% +1'%
MicrnT ... 5,774,300 +2a
Lucent i 3,254 MeE +%
CBS ..o 5,094,100 38% +1%
DataGn ........ . 4,661,200 1% 42V
Tvcolnt ... . 4 530 500 759%h +%

STANDARD & POOR'S
NEW YORK (AP) — Standard and
Poor’s stock indexes yesterday:
Low Last Chg
S&P 100 ... 653,19 448,44 §49.55 —0.54
S&P 500 . 1303.84 1294.261297.01 —2.28
MidCap .. 363.76 359.82 160.80 —1.51

Indust ... 1565.341552.881556.42 —2.67 .

Transpl .. 71673 707.36 708.28 —8.45
Utilities ... 245.12 243.81 243.99 —0.96
Financial . 14266 141.59 14222 —0.15
SmallCap . 160.66 158.57 138.70 —1.7
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What does this table show?

feet

1
I
i
-
i
1
i
|
I
|
|

California
Missour:
Minnesota
Alabama
Arizona
Colorado
Flonda
Georgia
Kentucky
Louisiana
Maine
Massachuserts
Mississippi
Mebraska
MNevada

MNew Hampshire
MNew Mexico
MNew York
MNorth Carolina
Oregon
Pennsylvania
Washington
Delaware
lowa
Wyoming
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Is 1t a table?
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A wondertul table!
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Periodic Table
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Still being improved
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A table table

Hostess

1st Gentleman I . l 2nd Gentleman
3rd Lady . ‘ dth Lady

4th Gentleman ‘ . Jrd Gentlernan
2nd Lady ’ . ‘ 1st Lady
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Thank

you

for

your

patience

Any

questions ?
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