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Prior Work

Clustering (numerical taxonomy, vector/graph, flat/hierarchical, fuzzy/crisp, SVM)
Categories (data cube view)
Physical structure extraction (mostly on rules/unruled scanned and ASCII tables)

Logical structure extraction (HTML tables and spreadsheets)

e Structure description trees, conditional random fields, grammars, syntactic coherency, web of
concepts, Hurst, Pyvk, e Silva, Yahoo, CiteSeer) , BIG DATA,

* Yahoo, CiteSeer, Google, Cafarella, Samet at al. row-by-row analysis
* Current work mostly outside the DR&R community

TANGO

e Surveys, Egregious tables, Segmentation via MIPS, Factoring out categories, Lists, Interactive GT
(DAS 2010, EIA 2011, DR&R 2012, ICPR 2012, ICDAR 2013, GREC 2013, DAS 2014, ICPR 2014)



Layout of a Well-Formed Table (WFT)
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National Center for Education Statistics

Exa m p | e W FT # 1 Table SA-3. Percentage distribution of degree-granting institutions, by enrollment size, control and type of institution, and

Control an All Enrollment size
Under 200 200—- 499 500-999 1,000- 2,4 2,500- 4,9 5,000-9,9 10,000- 1¢20,000— 2¢€30,000 or t

Total 100 12 14 15 21 15 12 7 3 1
2-year institutions
Public 100 1 4 7 23 26 23 12 4 1
4-year institutions
Public 100 # 2 4 15 17 23 21 12 6
Private nc 100 15 13 17 29 15 6 3 1#
Private fc 100 15 29 26 18 9 2 1 1#
Public 2-year institutions
City 100 # 1 8 23 31 23 9 3
Suburban 100 1 2 9 17 42 22 6 2
Town 100 2 6 13 39 27 10 1 0 0
Rural 100 6 8 33 31 15 5 0 0
Public 4-year institutions
City 100 1 3 2 9 9 21 27 18 10
Suburban 100 0 0 6 13 20 24 20 10 7
Town 100 0 1 2 17 28 29 18 6 0
Rural 100 2 3 10 43 21 18 0 2 2
Private not-for-profit 4-year institutions
City 100 16 16 15 25 16 7 4 1 1
Suburban 100 18 11 12 29 19 9 2 # 0
Town 100 7 7 26 47 9 3 1 0 0
Rural 100 18 16 27 26 9 2 2 1 0

# Rounds to zero.
NOTE: Totals include private 2-year and private for-profit 4-year institutions. For details on the community types, see U. !
SOURCE: U.S. Department of Education, National Center for Education Statistics, 2006—07 Integrated Postsecondary Edu



Example WFT #2 (two-category row header)

People employed, by educational attainment

Both sexes, Men, WOomen | | 213 |
... | Bothsexes | Men | Women
| %

Total | 618 658 58.0

Total 15t024years I 551 54.2 56.0
Less than Grade 9 25toddyears | 819 858/ 779
Some secondary school 45 and over | 51.2| 56.3 46.5
Less than Grade 9 _ _ | _ 19.8| 278 12.7

15 to 24 years | 238 276 19.2

X 25 to 44 years | 505 653 320

45 and over 16.0| 228 10.4

Some secondary school | 39.5 46.0 32.3

1> to 24 years 15 to 24 years 356/ 360  35.1
25 t0 44 years 251044 years | 835 716 508
45 and over 45 and over 346 44.1] 25.9

1. Includes trades certificate.
Source: Statistics Canada, CANSIM, table 282-0004 and Catalogue no. B9F0133XIE.
2/12/2015 Last modified: 2014-01-10.




Exam

nle “WFT #3 (“crooked” column header)

Table 2. Energy use in manufacturing by industry 2008

lodustrics . KRy confidence Heal T ™
interval 2 % ¢ AL interval 2 % ) mmnl s 9
03 Mining of coal and lignite
06 Extraction of crude petroleum and natural !
07 Mining of metal oces $21.7 10518 1A 449 b
08 Oeher mining and quarrying F064.7 \) 10 85 226.1
09 Mining support service sctivities 0.1* 1380
10 Masufacture of food products — 4954 21

confidence
gorval 2 %

| f\.‘.‘,%ilﬂ I)

11 Manufacture of beverages 6755

b, 120 41218 35170
0.1+
41864 57X 20MH XA

1 576.) 166 2100 9
12 Masufacture of 1obacco products
13 Masufacture of seatiles 6190 617 Wis 108 | S9X 260
14 Manufacture of woaring apparcl LY 056 oAt 98 2229 a4 n
Fuels TJ |confidenc |Electricity|confidenc |Heat TJV [confidenc [Total TJ [confidence interval, + %
e interval, |3V e interval, e interval,
* % T [E% =%
5217 58,5 10518 |37,8 489 5,6 16224 (0,0
3064,7 |70,6 831,0 8,5 226,1 12,0 41218 |51,7
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Four equivalent toy tables rendered before conversion to CSV format

Table 12a. Agricultural Production

Note the spanning cells.

Table 125k . Agricultural Production

2010 2011
Egypt Libya Tunisia Algeria
EVD ¥ Iz Eaypt
Wheat 11,000 3,000 7,400 3,800
Corn 8 000 5,500 5,950 4 340
Libya

Table 12¢. Agricultural Production

2010

2011
2010

2011

Wheat
11 000
7,400
3,000
3,800

Corn
8,000
6,950
5,500
4 340

Table 12d. Agricultural Production

2010 2011
E t Libya E t Lib
EYP ¥ EYP ya Wheat
Wheat 11 000 3,000 7400 3 800
Corn &, 000 5 500 6,950 4 3401
Corn

2010
2011
2010
2011

Egypt
11000

7,400
8,000
6,950

Libya
3,000
3,800
5,500
4 340




The same tables rendered after conversion to CSV format

Table 12a. Agricultural Production

Table 12b. Agricultural Production

2010 2011
Egypt Libya Tunisia Algeria
Wheat 11000 3000 7400 3800
Comn 8000000 5500 6950 4340
Table 12c. Agricultural Production
2010 2011
Egypt Libya Egypt Libya
Wheat 11000 3000 7400 32800
Corn 8000 5500 6950 4340

Wheat Corn
Egypt 2010 11000 2000
2011 7400 6950
Libya 2010 3000 5500
2011 32800 4340
Table 12d. Agricultural Production
Egypt Libya
Wheat 2010 110400 3000
2011 7400 30280
Corn 2010 2000 5500
2011 6950 4340




Notepad (.txt) display of Table 12d

Six lines, three commas per line

Table 12d. Agricultural Production

Egypt Libya
Wheat 2010 11000 3000
2011 7400 3080
Corn 2010 2000 5500
2011 6250 4340

Table 12d. Agricultural Production,,,
,,Egypt,Libya
Wheat,2010,11000,3000
,2011,7400,3080
Corn,2010,8000,5500
,2011,6950,4340




Table 12c after refilling split spanning-cell contents

Table 12c. Agricultural Production

2010 2011
Egypt Libya Egypt Libya
Wheat 11000 3000 7400 3800
Corn 8000 5500 6950 4340

Table 12c. AgTable 12c. AgTable 12c. A{Table 12c. AjTable 12c. Ag

BLANC 2010 2010 2011 2011
BLANC Egypt Libya Egypt Libya

Wheat 11000 3000 7400 3800
Comn 8000 5500 6950 4340




Segmentation strategy |
MIPS (minimum index point search) algorithm finds smallest number of
rows for unique column-header paths

columns for unigue row-header paths

(ICDAR 2013)



Partial output of segmentation program and corresponding GT

TableID CCl CC2 CC3 CC4 TableID CC1 CC2 CC3 CC4
Cl10021.csv A2 A2 B3 J18 Cl10021.csv A2 A2 B3 J18
Cl10022.csv A2 A3 B4 K26 Cl10022.csv A2 A3 B4 K26
Cl10023.csv A2 A2 B3 Fl6 C10023.csv A2 A2 B3 Fl6
C10024.csv  AD A5 B/ K28 C10024.csv Ad A5 B/ K28
Cl10025.csv A4 Al B5 F26 C10025.csv Ad Al B5 F26
Cl10026.csv A4 A5 B6 E24 Cl10026.csv A4 A5 B6 E24

Cl0027.csv A4 A4 B5 F22 Cl0027.csv A4 A4 B5 F22



Category extraction by factorization !

Table 12b, row header (transposed):(Egypt*2010)+(Egypt*2011)+(Libya*2010)+(Libya*2011)
= (Egypt+Libya)*(2010+2011)

Table 12c, column header: (2010*Egypt)+(2010*Libya)+(2011*Egypt)+(2011*Libya)
= (2010+2011)*(Egypt +Libya)

Table 12d row header (transposed): (Wheat*2010)+( Wheat*2011)+(Corn*2010)+(Corn *2011)
= (Wheat + Corn)*(2010+2011)

(ACM EIA 2011)



Classification output file

Classification Table

Cell ID Row |Col [Content Class
12c_R1 C1 1 1|Table 12c. Agricultural Pitabletitle
12c_R1 C2 1 2 tabletitle
12c R1 C3 1 3 tabletitle
12c_R1 C4 1 4 tabletitle
12c_R1_C5 1 5 tabletitle
12c R2 C1 2 1 stubheader
12c_ R2 C2 2 2 2010|colheader
12c_R2 _C3 2 3 2010|colheader
12c_R2 _C4 2 4 2011 |colheader
12c R2 C5 2 5 2911 |colheader
12c_R3 C1 3 1 stubheader
12c_R3_C2 3 2 |Egypt colheader
12c_ R3 C3 3 3|Libya colheader
12c_R3 C4 3 4 |Egypt colheader
12c R3 C5 3 5|Libya colheader
12c R4 C1 4 1|Wheat rowheader
12c_ R4 C2 4 2 11000|data
12¢_R4 C3 E 3000|data
12c_R4_C4 4| 4 7400|data
12c_R4_C5 4 5 3800|data
12c_R5 C1 5 1|Corn rowheader
12¢_R5_C2 5 2 8000 |data
12¢_R5_C3 5/ 3 5500|data
12¢_R5_C4 5| 4 6950 |data
12c_R5 C5 5 5 4340|data




Canonical Table for Table 12c. This is a relational table that can
be read directly into Access or into an a collection of RDF triples

for query formulation.

Cell ID RowCat 1 ColCat 1 ColCat_2 |Data

12c R4 C2 |Wheat 2010 Egypt 11000
12¢_ R4 C3 [Wheat 2010 Libya 3000
12c_R4 _C4 |Wheat 2011 Egypt 7400
12¢c_R4 C5 [Wheat 2011 Libya 3800
12c R5 C2 |Corn 2010 Egypt 8000
12¢c_R5_C3 (Corn 2010 Libya 5500
12c R5 C4 (Corn 2011 Egypt 6950
12c R5 C5 (Corn 2011 Libya 4340




WordSet (of unique words) of the
table titles and category headers of Table 12a and 12c

WordSet

T12a tabletitle | Table’, '12c.’, 'Agricultural’ 'Production’
T12a RowCat_1| Wheat', 'Corn’

T123 ColCat_1 | Egypt', 'Libya’, Tunisia’, Algeria’

T12c tabletitle | Table’, '12c.’, 'Agricultural’ 'Production’
T12c RowCat_1| Wheat', 'Corn’

T12c ColCat_1 | '2010', 2010

T12c ColCat_2 | Egypt', 'Libya’




The Jaccard distance between word sets p and g

D/(p,a)=1-|pnql| / |puq]

D, is a proper metric:

* Dy(p,p) =0;

* Dy(p,q) = Dy(q,p);

* 0 <Dy(p,q);

* Dy(p,r) < Dy(p,q) + Dy(q,r).



The simplest sequential similarity clustering algorithm
(cf. Hall 1966, Leader-follower Adolfio & Samet, CACM Oct 2014 NewsStand)

Input: header and title samples, © 5w ©nicH

Samples S, j=1to m, Clusters C, k=1 ton. Initialization: S;, > C;,n=1,D,,,=1
Fork=2tom # for every sample, in some preset order
Forc=1ton # in every cluster
Forj=1to |Cc] # check every member
If Dy(Sy, Si(j)) < Dimins
Diin = Dy(S, Sy5)) and C =c # keep track of cluster with nearest sample
1fD,..., < Oow Sk 2 Cg # assign sample to cluster with nearest sample
If D, > Oniarr Sk 2 Copy N 2 N+l # or create a new cluster with only this sample
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Experiment

200 web tables from government sites in six countries

Ground truth only for segmentation (four critical cells)
197 tables correctly segmented
2 tables had duplicate columns

1 table with arguable ground truth

Word sets extracted from the classification and the canonical tables.

615 table titles, row headers and column headers clustered
with various threshold values over the 378,225 computed distances.

217 pairs with distance = 0; 138,393 pairs with distance = 1.



C10001
C10001
C10001
C10001
C10002
C10002
C10002
C10003
C10003
C10003
C10004
C10004
C10004
C10005
C10005
C10005
C10006
C10006

C10006
2/12/2015

Result:

C10001

tabletitie RowCat 1 ColCa 1 ColCat 2 tabletite RowCat 1Colat 1 tabletide RowCa 1ColCat 1

tabletitle 0
RowCat 1 1
ColCat_1 059
ColCat_2 | 0.909091
tabletile 0.96
RowCat 1 0967742
ColCat_1 1
tabletitle 0.8B75
Row(Cat 1 0968254
ColCat_1 1
tableticle | 0.954545
Row(Cat 1 0967742
ColCat_1 1
tableticle 0.95
RowCat 1
ColCat_1
tableticle
RowCat 1
ColCat_1

[T Y TR Y R T A

C10001

=
I—ll—ll—il—il—igl—ll—il—il—il—il—ll—il—ll—ll—il—llﬂl—ll

Distance Table (partial output)

C10001 |C100:01

049
1
0

1
0.965517
1
1
0952381
0.958462

=t = b b = b

3
s
|—l-|—l-3;

1
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= = = O = e

0.982759

T T T T T T T T A s

1

Cl10002 C100:02

0.96

1
0.965517
1

0

1

1

0.96
0.986111
1
0.52381

=4 j=h =3 |=u |=n

0.96
1
1

0967742

1
1
1
1
0
1

0967742
1
1
0972222
0
0.965517
0970588
1
0.965517
1
1
1

C10002 |C100:D3

1
1
1
1
1
1
0
1
1
1
1
1
1
1
1
1
1
1
1

0875

1
0.952381
0909091
0.96
0967742
1

0
0.968254
1
0.904762
0.967742
1

0.95

1

1
0.941176
1

1

C10003

0968254
1
0938462
0982759
0.986111
1
1
0968254

J=t = b b = f=n

0983871

1
1

C10003

21

=0 = = = b b e e i o e b b b b b R b



Result: Cluster membership vs. thresholds

OLow 0.00 0.05 0.05 0.50
OniH 1.00 0.95 0.05 0.50
Number of multi-
member clusters S 11 52 72

Samples in multi-

member clusters 33 49 155 290

Number of single-

member clusters 50 36 460 325

Values not sensitive to random permutations of order of presentation
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Result: Example of program output

C10001 RowCat 1 C10008 ColCat 1  C10073 RowCat 1 C10080 ColCat 1

2008
2007
2006
2005
2004
2003
2002

The program found two tables with identical row and column headers. A duplicate! Another possible use.

2/12/2015 SPIE DR&R SF  Clustering table headers 23



Observations

Stop words:
4.1% of category headers and 20.1% of table titles

Synonyms:
Found for 46.6% of category headers and 55.1% of table titles
Examples: 2: two, deuce, US state names: hi, me, in, or, ok

Queries:
Executed in Access, Virtuoso and Protégé,
but none yet making use of clustering results

Incremental contribution:
A scalable measure of table similarity
(12s for segmentation and classification, + 3s for clustering)



Observations

Stop words:
4.1% of category headers and 20.1% of table titles

Synonyms:
Found for 46.6% of category headers and 55.1% of table titles
Examples: 2: two, deuce, US state names: hi, me, in, or, ok

Queries:
Executed in Access, Virtuoso and Protégé,
but none yet making use of clustering results

Incremental contribution:
A scalable measure of table similarity
(12s for segmentation and classification, + 3s for clustering)

THANK YOU!



Table Terminology and Critical Cells (CCs)

etub a Spanning Cell
- Calumn Header
Header Table title L3 /" Spanning Cell Components

1-:-|I'-.ﬂ drorbrperrel arinlerar [

[T P —— = . e e g
ll:l:l :".:'-ll'-_.l-__".I'llI o] e 1 HIF BN HH B B B
LR | LEppe—" -8 W ol PRy 4" Bl 1.4 1 = -~ | B, | = L (& ]
cC? ot T e im e amoem
e diH i1 1 Lad 1k Lan i H iz bt P -]
Row Header - e Data
or Stul . e Reglon
By 1 A1 B 1 I ST BT Eli EW SuE
Pubiay e
an Atomic — e LD n ol
Header Cell (e um nw  mm om um oap im am oan se o O Data Cell
sMeaderlsbel (Sm i i ZoREEE o
— e e e e Qi
B o g (=] [F 1] i p s L E i e
F':H:'tl'lﬂt! l-:-m-.n--n_—.-d HHRE  INFA I TR AR AR ER el .ll u-al-fl.l-r

L PR TETER S ST GERTL Y WEET TS u.l.,‘.l--.n.l-_

Prefix —— Footnote Text
Footnote Marker a Data Value
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