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Motivation
Missing headers
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Motivation
Missing headers ≈ un-interpretable headers
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Motivation
How big is the problem?
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 majority of tables on the web [Balakrishnan15].

 ~29% of relational web tables extracted by 
[Cafarella08].

Web tables

 ~28% of the CSV tables from the Austrian 
and European Open Data portals [Neumaier16].

 ~11k documents in a data corpus from 232 
Open Data portals [Mitlöhner16].

Header row is missing in



Motivation
Where are column headers useful?
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The problem
Schema discovery problem
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The problem
Schema discovery problem – Schema coherence
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Schema discovery system
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Solution
End-to-end schema discovery
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Schema discovery using similarity search
Phase 1: Similarity search - Challenges
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 Efficient similarity search
 Data sketches reduce memory 

consumption.

 Un-biased column similarity measure.

 Filtering out dissimilar tables.

?
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Lannister Hear Me Roar! Casterly rock Golden lion



Schema discovery using similarity search
Phase 1: Similarity search – Which data sketch?
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 HyperLogLog (HLL) is a data sketch that
 has compact form (~1kB).
 estimates cardinalities with an error < 0.01.

Jaccard coefficient: 𝐽 𝐴, 𝐵 =
|𝐴∩𝐵|

𝐴∪𝐵

Jaccard containment: C 𝐴, 𝐵 =
|𝐴∩𝐵|

|𝐴|



Schema discovery using similarity search
Phase 1: Similarity search - HLL-based similarities
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Jaccard coefficient: 𝐽 𝐴, 𝐵 =
|𝑨∩𝑩|

𝑨∪𝑩

Jaccard containment: C 𝐴, 𝐵 =
|𝑨∩𝑩|

|𝑨|

 Inclusion-exclusion principle:

𝐴 ∪ 𝐵 = 𝐴 + 𝐵 − |𝐴 ∩ 𝐵|
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Schema discovery using similarity search
Phase 1: Similarity search – HLL table data structure
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Offline

Similarity search1

Schema discovery using similarity search
Phase 1: Similarity search
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HLL table
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Coherence check2

Schema discovery using similarity search
Phase 2: Coherence check

Schema candidates

{name,motto,location, 
symbol}

{family,motto,location, 
symbol}

…
Coherence

score [Röder15] 
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Schema discovery using similarity search
Experimental setup

families motto city “ ”

family motto location symbol

Wiki web tables

32G (1.6M Tables)

5% Test as input

(4770 Tables)

95% as Table corpus

(162799 Tables)

Original

Suggested 
schema

 TP: exactly re-discovered headers.
 FP: differing headers from the original schema.
 FN: no-header suggestions.
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Schema discovery using similarity search
Results: Similarity search (1/2)
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Schema discovery using similarity search
Results: Similarity search (2/2)

Lazo

[Fernandez19]

θ % exact header % differing header % no header 

Lazo (1) 30.95 38.52 30.52

Lazo (8) 31.63 39.60 28.77

Lazo (10) Out of memory

No filtering 62.73 36.16 1.10

0 74.00 24.10 1.10

0.1 61.66 13.49 24.85

0.2 42.90 7.92 49.18

0.3 27.25 4.02 68.73

0.4 16.77 1.98 81.25
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Schema discovery using similarity search
Results: Error analysis - Schema-level

Manual test

•100 schemata

•400 headers

{year, champions}                                                 
{year, champion}Plural

{men’s, women’s}                                                
{male, female}Synonym

{team, city, state, stadium, capacity, 2008 season}     
{team, city, state, stadium, capacity, 2009 season}Time

{no., date, score, opponent, record}                  
{number, date, score, opponent, record}Short form

{place, rider, number, country, machine, points, wins} 
{place, rider, #, country, machine, points, wins}Symbol

{year, population}                                                 
{year, village population}Granularity

Original

Top-1 schema
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Schema discovery using similarity search
Results: Error analysis - Individual headers

Incorrect
50%

Granularity
24%

Word form

6%

Spacing

6%

Synonym
12%

Shorter form

2%

Incorrect Granularity Word form Spacing Synonym Shorter form

Manual test

•100 schemata

•400 headers
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