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• Prior work

• Well-formed tables

• Algorithmic category header extraction

• Clustering scheme

• Clustering results
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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)
• 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
• 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)
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Layout of a Well-Formed Table (WFT) 

TableTitle

Notes1

CC1

StubHeader ColHeader ColHeader

CC2

Notes2

CC3

RowHeader Data Data

RowHeader Data Data

RowHeader Data Data

CC4

Footnotes

Notes3
4



Example WFT #1
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National Center for Education Statistics

Table SA-3. Percentage distribution of degree-granting institutions, by enrollment size, control and type of institution, and community type: Fall 2006

Control and type of institution and community typeAll Enrollment size

Under 200 200– 499 500– 999 1,000– 2,4992,500– 4,9995,000– 9,99910,000– 19,99920,000– 29,99930,000 or more

     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 not-for-profit100 15 13 17 29 15 6 3 1 #

  Private for-profit100 15 29 26 18 9 2 1 1 #

Public 2-year institutions

  City 100 # 1 3 8 23 31 23 9 3

  Suburban 100 1 2 1 9 17 42 22 6 2

  Town 100 2 6 13 39 27 10 1 0 0

  Rural 100 2 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. S. Department of Education, National Center for Education Statistics. (2008). The Condition of Education 2008 (NCES 2008-031), supplemental note 1. Detail may not sum to totals because of rounding.

SOURCE: U.S. Department of Education, National Center for Education Statistics, 2006–07 Integrated Postsecondary Education Data System (IPEDS), Spring 2007, Enrollment component.



Example WFT #2 (two-category row header)
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Both sexes, Men, Women

Total
Less than Grade 9
Some secondary school

×

15 to 24 years
25 to 44 years
45 and over



Fuels TJ confidenc

e interval, 

± %

Electricity 

TJ 
1)

confidenc

e interval, 

± %

Heat TJ
1) confidenc

e interval, 

± %

Total TJ confidence interval, ± %

. . . . . . . .

. . . . . . . .

521,7 58,5 1 051,8 37,8 48,9 5,6 1 622,4 0,0

3 064,7 70,6 831,0 8,5 226,1 12,0 4 121,8 51,7

Example ~WFT #3 (“crooked” column header)
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Four equivalent toy tables rendered before conversion to CSV format
Note the spanning cells. 
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The same tables rendered after conversion to CSV format

2/12/2015 SPIE DR&R SF    Clustering table headers 9



Notepad (.txt) display of Table 12d

Six lines, three commas per line
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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
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Segmentation strategy   !

MIPS (minimum index point search) algorithm finds smallest number of 

rows for unique column-header paths

columns for unique row-header paths

(ICDAR 2013)
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Partial output of segmentation program and corresponding GT
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TableID CC1 CC2 CC3 CC4 TableID CC1 CC2 CC3 CC4

…

C10021.csv A2 A2 B3 J18 C10021.csv A2 A2 B3 J18 --

C10022.csv A2 A3 B4 K26 C10022.csv A2 A3 B4 K26 --

C10023.csv A2 A2 B3 F16 C10023.csv A2 A2 B3 F16 --

C10024.csv A5 A5 B7 K28 C10024.csv A4 A5 B7 K28 ERROR

C10025.csv A4 A4 B5 F26 C10025.csv A4 A4 B5 F26 --

C10026.csv A4 A5 B6 E24 C10026.csv A4 A5 B6 E24 --

C10027.csv A4 A4 B5 F22 C10027.csv A4 A4 B5 F22 --

…



Category extraction by factorization    !
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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
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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.      !
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WordSet (of unique words) of the 
table titles and category headers of Table 12a and 12c
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The Jaccard distance between word sets p and q 

DJ(p,q) = 1 - |pq| / |pq|

DJ is a proper metric: 

• DJ(p,p) = 0;      

• DJ(p,q) = DJ(q,p);        

• 0  ≤ DJ(p,q);      

• DJ(p,r) ≤ DJ(p,q) + DJ(q,r).
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The simplest sequential similarity clustering algorithm
(cf. Hall 1966, Leader-follower Adolfio & Samet, CACM Oct 2014 NewsStand)
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Input: header and title samples, ϴLOW, ϴHIGH

Samples Sj, j = 1 to m, Clusters Ck, k = 1 to n. Initialization: S1  C1, n = 1, Dmin = 1

For k = 2 to m # for every sample, in some preset order
For c = 1 to n # in every cluster

For j = 1 to |Cc| # check every member
If DJ(Sk, Si(j)) < Dmin, 

Dmin = DJ(Sk, Si(j)) and C =c # keep track of cluster with nearest sample

If Dmin, < ϴLOW, Sk CC; # assign sample to cluster with nearest sample

If Dmin, > ϴHIGH, Sk Cn+1; n  n+1 # or create a new cluster with only this sample



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.
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Result:    Distance Table (partial output)
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Result:   Cluster membership vs. thresholds
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LOW 0.00 0.05 0.05 0.50

HIGH 1.00 0.95 0.05 0.50

Number of multi-
member clusters 9 11 52 72

Samples in multi-
member clusters 33 49 155 290

Number of single-
member clusters 50 86 460 325

Values not sensitive to random permutations of order of presentation



Result:  Example of program output

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

ClusterTable__7_27_2014_16h28m.csv

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.



Observations
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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
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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!
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Table Terminology and Critical Cells (CCs)
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