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Summary

200 web tables imported as CSV files were 

segmented, factored, and categorized 

using the fundamental indexing property of tables headers.

They were imported into MS Access and queried via SQL.
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Layout of a Well-Formed Table (WFT) 
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Segmentation via a fundamental indexing table property
that is seldom used in table analysis

What are the row and column headers of this table?

K K A A A A A A A A

K L B B B B C C C C

M M D D E E D D E E

M N H F H F H F H F

K K J K J L A F E G

K L D B C E D C E D

M M B B B B M M E D

M N D E E M N M B B
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Column header segmentation using indexing property

Column header candidate with minimal unique column header paths

K K A A A A A A A A

K L B B B B C C C C

M M D D E E D D E E

M N H F H F H F H F

K K J K J L A F E G

K L D B C E D C E D

M M B B B B M M E D

M N D E E M N M B B

K K A A A A A A A A

K K A A A A A A A A

K L B B B B C C C C

K K A A A A A A A A

K L B B B B C C C C

M M D D E E D D E E

K K A A A A A A A A

K L B B B B C C C C

M M D D E E D D E E

M N H F H F H F H F

K L B B B B C C C C

M M D D E E D D E E

M N H F H F H F H F
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Column header AND row header segmentation

Row header candidate 
(every row below column header candidate)

K K A A A A A A A A

K L B B B B C C C C

M M D D E E D D E E

M N H F H F H F H F

K K J K J L A F E G

K L D B C E D C E D

M M B B B B M M E D

M N D E E M N M B B

K L M N

K

L

M

N

B B B B C C C C

D D E E D D E E

H F H F H F H F

Original table and column header candidate

Transpose, then
search for minimal
top rows with 
unique columns:

Final column and row headers

K K J K J L A F E G

K L D B C E D C E D

M M B B B B M M E D

M N D E E M N M B B

K K M M

K L M N

J D B D

K B B E

J C B E

L E B M

A D M N

F C M M

E E E B

G D D B

Transpose again
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Prefixing (adding a row or column) 
to align header paths with data

Table 9. Numbers of outgoing short messages and multimedia messages from mobile phones in 2002-2008

Year Short messages, 

thousands 1)

Change, % Short messages/ 

subscription

Multimedia 

messages, thousands

Change, %

2003 1 647 218 24,3 347 2 314

2004 2 193 498 33,2 439 7 386 219,2

2005 2 728 230 24,4 507 15 993 116,5

Table 9. Numbers of outgoing short messages and multimedia messages from mobile phones in 2002-2008

Year Short messages, 

thousands 1)

Short messages, 

thousands 1)

Short messages/ 

subscription

Multimedia 

messages, thousands

Multimedia 

messages, 

thousandsditto ditto Change, % ditto ditto Change, %

2003 1 647 218 24,3 347 2 314

2004 2 193 498 33,2 439 7 386 219,2

2005 2 728 230 24,4 507 15 993 116,5
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Factorization and category extraction

RowHeader (transposed): K+L+M+N Single Category  
ColHeader: (B+C)*(D+E)*(H+F) Three categories

RowCat_1 ColCat_1 ColCat_2 ColCat_3

K B D H
L C E F
M
N

B B B B C C C C

D D E E D D E E

H F H F H F H F

K

L

M

N

9



Factorization and category extraction

RowHeader (transposed): K+L+M+N Single Category  
ColHeader: (B+C)*(D+E)*(H+F) Three categories

RowCat_1 ColCat_1 ColCat_2 ColCat_3

K B D H
L C E F
M
N e.g. M B D F

B B B B C C C C

D D E E D D E E

H F H F H F H F

K

L

M

N

10



Mx1 Category table for export to Access
RowCat_1.1 ColCat_1 ColCat_2.1 DATA

Norway Million dollar 2007 3 735

Norway Million dollar 2008 4 006

Norway Million dollar 2009 4 081

Norway Million dollar 2010* 4 580

Norway Million dollar 2011* 4 936

Norway Percentage of GNI 2007 0.95

Norway Percentage of GNI 2008 0.89

Norway Percentage of GNI 2009 1.06

Norway Percentage of GNI 2010* 1.1

Norway Percentage of GNI 2011* 1

Denmark Million dollar 2007 2 562

Denmark Million dollar 2008 2 803

Denmark Million dollar 2009 2 810

Denmark Million dollar 2010* 2 871

Denmark Million dollar 2011* 2 981

Denmark Percentage of GNI 2007 0.81

Denmark Percentage of GNI 2008 0.82

Denmark Percentage of GNI 2009 0.88

Denmark Percentage of GNI 2010* 0.91

Denmark Percentage of GNI 2011* 0.86

Finland Million dollar 2007 981

Finland Million dollar 2008 1 166

Finland Million dollar 2009 1 29011



200 heterogeneous web tables from 10 international sites were imported as CSV files

--most format information (geometry, fonts, colors, text positioning) was lost 

2 tables not segmented because they had duplicate columns (errors in the table)

197 tables were segmented and categorized correctly

The header of one table omitted one row compared to GT (output useable)

The run time to process all the tables and write the output files was 4 seconds on a 

2 GHz Windows 7 laptop running Python 2.7 under IDLE 

All 198 Mx1 Category tables that were generated were automatically imported 

into MS Access via a short VBA script

The Mx1 Category tables were also converted to RDF triples 
and imported and queried in Protegé

Results of segmentation, category extraction 
and export to Access
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MS Access SQL query on imported Mx1 table

Query:

How far and in 
which direction 
does Canada’s 
percentage of 
GNI differs from 
the overall 
average for all 
countries? 

Query Result: 
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Footnote prefixes, footnotes, and footnote markers

14



Category – aggregate ineraction

A 5 x 3 two-category single-row row-header
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A single-row column header with two categories
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Previous work
Decades of research on printed, ASCII, and HTML tables have drawn
attention to the immense variety of table layouts necessary
for quick human comprehension, 
in contrast to the uniform structure of relational tables.

Research on table analysis appears to be shifting from the 
PR/ML/CV/DIA community  to web and database groups:

W.J. Cafarella,A. Halevy, D.Z. Wang, E. Wu, Y. Zhang, WebTables: Exploring the Power of Tables on the Web, VLDB ’08

G. Limaye, S. Sarawagi, S. Chakrabarti, “Annotating and searching web tables, using entities, types, and relationships,” 
Procs. VLDB Endowment, vol. 3, nrs. 1–2, pp. 1338–1347, 2010.

H. Gonzalez et al.  Google Fusion Tables: Web-Centered Data Management and Collaboration, SIGMOD’10, 2010

P. Venetis et al., “Recovering semantics of tables on the web,” Procs. VLDB Endowment, vol. 4, nr. 9, 2011

M. D. Adelfio and H. Samet, “Schema extraction for tabular data on the web,” Procs. VLDB Endowment, vol. 6, nr. 6, 2013.

Z. Chen and M. Cafarella, “Automatic web spreadsheet extraction,” Procs. 3rd Wks. Semantic Search Over the Web, 2013.

L. Lautert, M.M. Scheidt, C.F. Dorneles, “Web table taxonomy and formalization,” SIGMOD Record, vol. 42, nr. 3, 2013.
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Proposed work

Detect and annotate aggregates using factoring results

Improve footnote marker detection (currently only ~70%)

Complete cell classification

Extend headers, using cell format information if necessary

Queries that exploit header hierarchies not just header paths

Cluster category headers to find related tables

Reasoning over OWL ontologies

Extension to printed table images and to PDF tables 

Cross the rickety bridge to semantic analysis of table contents
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Summary

Segmented, factored, and categorized200 web tables 
based on the fundamental indexing property of tables.

Demonstrated algorithmic rather than heuristic table analysis,

using no cell layout or content information other than testing 

whether the symbol strings in two cells are the same.

Transformed web tables with heterogeneous layout into a uniform 

category-preserving and database-compatible relational form.

Imported 198 tables into MS Access and queried them via SQL.
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Thank you

See you at the banquet tables tonight!
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