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Motivation
Missing headers
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Motivation Y @a@
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Missing headers = un-interpretable headers By "
I noe_pop_age_sex_2012_201...
B | i Sortfields | Data source order -
Abc Abc Abc H# Abc Abc ++ H*
DoE noE OOE OO0 _SEE SEX noe_pop_sge_sex 2012 . noe_pop_sge_sex_2012.. NoE_DOp_SEE_SE%_.. NoE_pOp_SEE_SE¥_..
Muts3 Lau2 Name Age Group Pop Total Pop Male
AT1 AT1Z AT124 _KremsanderDonau 0 4 i 1063 528
AT AT12 Al NuTs EEREVU TS Bundesland NUTS3: Gruppen von Bezirken
A Ak 8 LAU2_CODE: GEmeindekennzalil LAU2_NAME Gemeindename
AT ATLZ ATt Attributbeschreibung @ AGE_GROUP; Altersgruppe (5-jahrig) POP_TOTAL: Bevdlkerung
AT1 AT1Z Al POP_MALE: mannliche Bevdlkerung POP_FEMALE: weibliche
ATl AT12 AN Bevilkerung YEAR Referenzjahr
AT1 AT1Z AT124 ; 30101 Kremsander Donau 30_34 ; 1,588 855

https://www.data.gv.at/katalog/dataset/fde11447-12cf-4333-bed9-c37056551e0c
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Motivation
How big is the problem?

%m

Header row is missing in

O majority of tables on the web [Balakrishnan15].

d ~29% of relational web tables extracted by

[Cafarella08].
Web tables

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

d ~11k documents in a data corpus from 232 Relational Header
Open Data portals [Mitlohner16]. UPEN DAT Discovery

Hazar Harmouch
ICDE 2021
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Motivation

Where are column headers useful?

SOVeISigy

.
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X

SQL

Querying data

Knowledge base
augmentation

id name loc

Y
Schema matching

Table search
engines

id cname address rev

OO

Data integration

Borough Population Unemp FUnem
38900 20

Electricity ~ Barnett  Domestic 62688

Barnett Low

Gas Barnett  Domestic 208438

‘Fuaih City of Camden 40000 Low 14
ailway ity of Rt ft 2730044
Diesel Londor ranepe E"Vd‘;' 888000 Medium 20
oil Cityof  pomestic 430078 anden
London
Candidate Table
Query Table

Table join
5



The problem :
Schema discovery problem '3, iy E

family | motto | location | symbol [NIEEEEEE
! () U REC)

stark winter is coming winterfell grey wolf

targaryen fire and blood dragonstone  red dragon
lannister hear me roar! casterly rock golden lion

Relational Header
Sta rk i Borough Population Unemp FUnem Discovery
Hazar Harmouch

Barnet 38900 L 20

targaryen e o I ICDE 2021
* Camden 40000 Low 14 B

lannister Cityof  g88g000 Medium 20 6

London



The problem
Schema discovery problem — Schema coherence

athlete color

medal

Eddie Eagan gold

Jacob Tullin Thams silver

Christa Luding- silver
Rothenburger

Clara Hughes bronze

Relational Header
Discovery

Hazar Harmouch
ICDE 2021
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Solution
End-to-end schema discovery

504

stark winter is coming winterfell grey wolf
targaryen fire and blood dragonstone red dragon
lannister hear me roar! casterly rock golden lion

Header candidates

Similarity search
. L i . symbol . Coherence check

o D
q L ) . .
famil figure
{ ) m) i —
> 3
- Table corpus Schema corpus

Schema discovery system

[ i s s s w5
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Schema discovery using similarity search @5@
Phase 1: Similarity search - Challenges “ o E

QO Efficient similarity search N

= Data sketches reduce memory Berlin Potsdam Frankfurt
consumption. Potsdam Frankfurt Potsdam
Cologne Cologne
O Un-biased column similarity measure. Dresden
. . ... Munich
O Filtering out dissimilar tables.
University # | Year of establishment #  Students # Location #
Heidelberg University 1386 31,500 Heidelberg
University of Rostock 1419 14,000 Rostock
Stark Winter is Coming Winterfe” Grey WOIf University of Greifswald 1456 12,000 Greifswald
University of Freiburg 1457 24,700 Freiburg
Ta rgaryen Fire And Blood Dragonstone Red dFBQOn Universily of Munich 142 20518 Munich™
University of TUbingen 1477 28,700 Tubingen
Lannister ~ Hear Me Roar! Casterly rock Golden lion Sl | e e
’ University of Marburg 1527 24,000 Marburg
University of Jena 1558 19,000 Jena



Schema discovery using similarity search i
Phase 1: Similarity search — Which data sketch? [T

;\o d

%m

4 nh )
Jaccard coefficient: J(4,B) = lIATJBll
: A
Jaccard containment: C(4,B) = | lzfl
\_ J
O HyperLoglLog (HLL) is a data sketch that
= has compact form (~1kB).
= estimates cardinalities with an error < 0.01. Relational Header

Discovery

Hazar Harmouch
ICDE 2021
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Schema discovery using similarity search

Phase 1: Similarity search - HLL-based similarities

-
J

J
-

accard coefficient: J(4,B) =

accard containment: C(4,B) =

_ lanB|

|ANB]
|A]

~

J

Q Inclusion-exclusion principle:

= |Al +|B| = |ANB|

~N~N o 00 WODN B O
B~ D PP O N O - N
~N oo o0~ W N - O

>

VN N W, O W

SOVeISigy
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Schema discovery using similarity search : @5@
Phase 1: Similarity search — HLL table data structure ',%,%m-"-'- E

oA 10BN 0B

Stste  ¢| Captal s |Code s il 1 gy 1 @iy O
Austria Vienna AT 200 12ER 12
rovun S e ] 2 QEl6 QE 7
Buigarta sofa B o O BEd 1 Bl 1
| J 1183042
fager | HR ‘HILH LE
d 4+ Rd 2B U1
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Sovers it

K
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Schema discovery using similarity search
Phase 1: Similarity search

;\o d

Stark Winter is coming Winterfell Grey wolf
Targaryen Fire And Blood Dragonstone Red dragon
Lannister Hear Me Roar! Casterly rock Golden lion

Header candidates

name symbol

HLL-based family figure

Jaccard

HLL-based

Jaccard _
containment

table similarity

column similarity

-
¢ 13
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Phase 2: Coherence check '3, iy

Offline

v'
L

Header candidates Cartesian product

name symbol Schema candidates

name £--4 motto \\'\:\‘ : Z; symbol

W ,l N 7
\‘)vl E Y H
Y N {name, motto,location W -
ASCDB famil fiaure family €9% words ol figure ' ! !
y L g @ \\;,(:v" \‘:‘(v\'(\ © symbol} o =
") Y /( \/\('\ ) ) —
(2.8M ‘ﬁfi\‘: \ﬁi)f\,f\\«*. {family,motto,location, :
aes e II & Il( >\:
schemata) 5 s symbol} p—

- v Coherence
score [Roder15]

Coherence check @

famiy | motio L iocation Loymoot RESEs

14
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Schema discovery using similarity search
Experimental setup

504

< a
T = W T

-
.

Wiki web tables 5% Test as input 95%o as Table corpus
32G (1.6M Tables) (4770 Tables) (162799 Tables)

families [ motto | _city | "

Relational Header

Q TP: exactly re-discovered headers. Discovery
Q FP: differing headers from the original schema. il

d FN: no-header suggestions. is



Schema discovery using similarity search 0@&@
Results: Similarity search (1/2) '3,

Lazo [Fernandez19]

v

o 100% \
® ’ :
2 80% mNo-Filtering mOt=0.0 ®™WAt=0.1 =6t=0.2 mWOt=0.3 =6Ot=0.4 MmlLazo (1) ®Lazo (8)
o

X 60%

=

s 40%

w0

£ 20%

=}

3 ' ’ ? 4 5 6 7 8 9 10

Position in the top-10 header candidates

16



Schema discovery using similarity search

Results: Similarity search

(2/2)

% exact header

% differing header % no header

0 74.00

0.1 61.66

30.95 38.52 30.52
(31.63 39.60 28.77)
ol o o e o o o o Qutofmemory

62.73 36.16 1.10

24.10 1.10

13.49 24.85

7.92 49.18

4.02 68.73

1.98 81.25

oVers it

504

* @
GE
¢ "y

™ Lazo
[Fernandez19]

Relational Header
Discovery

Hazar Harmouch
ICDE 2021
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Schema discovery using similarity search 0@&@
Results: Error analysis - Schema-level %m.w.

;\o d

{year, champions}
{year, champion}

i

{men’s, women’s}
{male, female}

{team, city, state, stadium, capacity, 2008 season}
{team, city, state, stadium, capacity, 2009 season} * 100 schemata
400 headers

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

. . . . Relational Header
{place, rider, number, country, machine, points, wins}  piscovery

Symbol {place, rider, #, country, machine, points, wins} Hazar Harmouch
ICDE 2021
{year, population} 18

{year, village population}




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

oVers it

] -

504

Shorter form

2%
Synonym
Spacing 12%
6%
Word form
6% Incorrect
50%

m Incorrect m Granularity = Word form = Spacing = Synonym = Shorter form

(4

¢ 100 schemata
¢400 headers

Relational Header
Discovery

Hazar Harmouch
ICDE 2021
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Summary

\5&\'“’ ers, 1}:;}

Solution Evy
End-to-end schema discovery A
- e ——————
Stark Winter is coming  Winterfell Grey wolf
Targaryen  Fire And Blood Dragonstone Red dragon
Lannister Hear Me Roar!  Casterly rock Golden lion

Schema discovery system

Similarity search Hua 2| Coherence check
) H).Z
- t&
Header candidates Schema corpus

14

Schema discovery using similarity search
Phase 2: Coherence check

Header candidates

Single-column
Data Profiling

Hazar Harmouch
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Schema discovery using similarity search
Phase 1: Similarity search

‘Winter is coming Winterfell Grey wolf
Fire And Blood  Dragonstone Red dragon
Hear Me Roarl  Casterly rock  Golden lion

Targaryen
Lannister

uLojsues|

HLL-based
Jaccard
containment
column similarity

HLL-based
Jaccard
table similarity

&
- N

Schema Discovery using similarity search
Results Error Analysis-Schema level

~s,lﬂm

Header candidates

family

e

symbol

Frgore

{year, champions}

Plural {Year, Champion}

{men’s, women’'s}
{male, female}

Syn

i {team, city, state, stadium, capacity, 2008 season}
ime {team, city, state, stadium, capacity, 2009 season }
{no., date, score, opponent, record}
S| form {nur’nber, ::iate, s;:ore, oppol’went, record}

{Place, Rider, Number, Country, Machine, Points, Wins}
{place, rider, #, country, machine, points, wins}

elational Header
iscovery

xzTmm
© optchema |

*100 schemata
+400 header

azar Harmouch
CDE 2021

Single-column
Data Profiling

Hazar Harmnuch

20

{year, population}
{yearf village population}

PhD

Chart 16
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