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Data and Web Science Group @ University of Mannheim

1. Research methods for integrating and mining large amounts
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2. Empirically analyze the content and structure of the Web.

B 5 Professors
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B 25 postdocs and PhD students
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1. Motivation for Data Search

Deluge of structured data on the Web
Semantic annotations in HTML pages
Linked data

Relational HTML tables

Data portals
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Semantic Annotations in HTML Pages

More and more Websites semantically
markup the content of their HTML pages.

Google YaroO!
Yandex Microsoft:

B ask site owners to embed schema.org
annotations into their HTML pages

schema.org

nnnnnnnnnnnnnnnnnnnnnnnnnn

' Place  The basic containment relation between
containe dIn -

pppppp

B 200+ Classes: Product, Review, LocalBusiness, Person, Place, Event, ...

B Encoding: Microdata or RDFa




Usage of Schema.org Data @ Google

Gramercy Tavern - Flatiron - New York, NY | Yelp
www.yelp.com » Restaurants » American (New) ~

%% %% Rating: 4.5 - 1.288 reviews - Price range: $83$

Jeff C and | were in New York for vacation, and | wanted to treat him to a nice dinner for
..... Gramercy Tavern is certainly a legendary NY dining establishment

Gramercy Tavern Restaurant - New York, NY | OpenTable
www.opentable.com » ... » Gramercy restaurants ~

% %% % ¥ Rating: 4.7 - 508 reviews - Price range: $50 and over

Book now at Gramercy Tavern in New York, explore menu, see photos and read 508

reviews: “The menu was so limited but it was worth trying, food was deli..." The Black Keys

Band

The Black Keys is an American rock duo formed in Akron, Ohio in 2001.
The group consists of Dan Auerbach and Patrick Carney. Wikipedia

Data SnlppetS Origin: Akron, Ohio, United States

Wlth | n Members: Dan Auerbach, Patrick Carney
Record labels: Fat Possum Records, Nonesuch Records, V2 Records,

SearCh resu ItS Alive Naturalsound Records

Awards: Grammy Award for Best Rock Album, more

Upcoming events

DEE] ppetS Jun 20 The Black Keys

. . Fri Neuhausen ob Eck (near you)
Wlth I n May 16 The Black Keys
) Fri Gulf Shores, AL
|nf0 boxes Jun 22 The Black Keys
Sun Scheefel
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Adoption of Semantic Annotations in 2014

WebDataCommons project extracted all Microformat,

) MANNHEIM
Microdata, RDFa data from the Common Crawl 2014

620 million HTML pages out of the 2 billion pages
provide semantic annotations (30%).

2.72 million pay-level-domains (PLDs) out of the 15.68

million pay-level-domains covered by the crawl provide
annotations (17%).

Google, 2014*:
5 million websites provide Schema.org data.

* Guha in LDOW2014 Keynote



Topical Focus — Microdata 2014

m Top Classes

B Topics:

— CMS and blog
metadata

— products and
offers

— ratings and
reviews

— business listings
— address data

— ...and a massive
long tall

2014 2013
Class Instances # PLDs PLDs

# % # %
1 schema:WebPage 51.757.000 148,893 18,16% 69.712 15,04
2 schema:Article 54.972.000 88,7 10,82% 65.930 14,22
3 schema:Blog 3.787.000 110,663 13,50% 64.709 13,96
4 schema:Product 288.083.000 89,608 10,93% 56.388 12,16
5 schema:PostalAddress 48.804.000 101,086 12,33% 52.446 11,31
6 dv:Breadcrumb 269.088.000 76,894 9,38% 44.187 9,53
7 schema:AggregateRating 59.070.000 50,510 6,16% 36.823 7,94
8 schema:Offer 236.953.000 62,849 7,66% 35.635 7,69
9 schema:LocalBusiness 20.194.000 62,191 7,58% 35.264 7,61
10 schema:BlogPosting 11.458.000 65,397 7,98% 32.056 6,92
11 schema:Organization 101.769.000 52,733 6,43% 24.255 5,23
12 schema:Person 115.376.000 47,936 5,85% 21.107 4,55
13 schema:ImageObject 35.356.000 25,573 3,12% 16.084 3,47
14 dv:Product 12.411.000 16,003 1,95% 13.844 2,99
15 schema:Review 42.561.000 20,124 2,45% 13.137 2,83
16 dv:Review-aggregate 3.964.000 14,094 1,72% 13.075 2,82
17 dv:Organization 3.155.000 10,649 1,30% 9.582 2,07
18 dv:Offer 7.170.000 11,64 1,42% 9.298 2,01
19 dv:Address 2.138.000 9,674 1,18% 8.866 1,91
20 dv:Rating 1.732.000 9,367 1,14% 8.360 1,8

schema: = Schema.org

dv: = Google Rich Snippet Vocabulary (deprecated)




Adoption by E-Commerce Websites

Distribution by Alexa Top-15 Shopping Sites
Top-LeveI Domain Website schema:Product
ILD H#PLDs Amazon.com
com 38344 Ebay.com Y
co.uk 3605 NetFlix.com
net 1813 Amazon.co.uk
de 1333 Walmart.com 4
ol 1273 etsy.com
com.br 1194 lkea.com d
" 1165 Bestbuy.com v
com.au 1062 Homedepot.com 4
ol 1002 Target.com v
Groupon.com
Newegg.com 4
Adoption by Top-15: Lowes.com
60 % Macys.com v
Nordstrom.com v




Linked Data

Extends the Web with a single global data graph

1. by using RDF to publish structured data on the Web
2. by setting links between data items within different
data sources.

/ RDF — RDF / RDF — RDF
\ \
RDF RDF
links links

RDF

RDF RDF RDF RDF




Linked Data on the Web
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Relational HTML Tables

In corpus of 14B raw tables, 154M are “good” relations (1.1%).

Germany Phone Code: 49 Largest German cities
Berlin Area Code: 30 German cities ranked 1 to 100 | German cities ranked 101 to 200 | German cities ranked 201
Berlin Dial Code: +49 30 10300 |
) o [ Rank | City If State || Population |
City Area Code Dialing Code [ 1 |pemin |[Bertin I 3.275.000
Aachen 241 +49 241 2__|[Hamburg |[Hemburg || 1.ese.100
Augsburg 821 +49 8§21 3 ]Mﬁndnn | Bavaria ll 1.185.40q
Bergisch Gladbach 2202 +49 2202 4 |Ksis | Nodhehine Westfalie L 205.300
E 5 H K
Berlin 30 +49 30 I | | | —
Sk i Germany - Largest Cities |[Northrhine-Westfalis Il £88,800|
|Northrhine-Westtalia Il £87.,600|
Bonn 228 Name : Population Latitude/Longitude [Bsden-Wirtemberg Il 581,100,
Bottrop 2041 1 gerlin 9 Berlin 3,426,354 32.524/13.411 |[Northrhine-Westfalis Il 568.900|
2 Hamburg #. Hamburg 1,739,117 53.575/10.015 |[Eremen " 527,900
3 Munich . Bavaria 1,260,301 48.137/11.575
4 Cologne . North Rhine-Westphalia 963,305 50.933/6.95
5 Frankfurt am Main . Hesse 650,000 250.116/8.684
&  Essen . North Rhine-Westphalia 593,085 51.457/7.012
7 Stuttgart 9, Baden-Wurttemberg 589,703 48.782/9.177
&  Dortmund, North Rhine-Westphalia 588,462 51.515/7.466
2  Duesseldorf, North Rhine-Westphalia 573,057 51.222/6.776
10 Bremen 7. Bremen 546,501 33.075/8.808

« Cafarella, et al..: WebTables: Exploring the Power of Tables on the Web. VLDB 2008.
 WebDataCommons Web Tabel Corpus 2015: 233 million tables for public download.

Slide 13



Data Portals
RN

Several 100.000 datasets are available via data portals.

EBATAGUV DATA TOPICS - APPLICATIONS DEVELOPERS CONTACT

Datasets Groups About

The home of the U.S. Government’s open o Eatecte
data

Here you will find data, tools, and resources to conduct research, develop
web and mobile applications, design data visualizations, and more. Finance and Budgeting (436) Search

Y Groups Clear All

Social Questions (226)

46,709 datasets found

GET STARTED Environment (213)

SEARCH OVER 20,922 DATASETS

- Transportation (191)

il Absence in Schools in England: Autumi|

datahub Datasels  Organizations FEESES reports on pupil absence in maintained pr

The easy way to get, use and share data
ges and academies across autumn term 2009 and

Credit Card Complaints

BROWSE TOPICS

g‘a 2 @- il: Teacher ratios in grant-aided schools ir]
4 nl
Ul ad all to Teacher Ratios in grant-aided schools, includir]

= i Bl ke Lminall il

Give your data a home

Publish or register datasets, create and manage
groups and communities.

Publish data for free
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Summary: Motivation for Data Search

1. Semantic annotations in HTML pages
—= 2. Linked data

—= 3. Relational HTML tables

== 4. Data portals
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2. Types of Data Search

1. Entity Search
2. Table Search

3. Constraint and Unconstraint Search Joins
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Entity Search

Given some keywords and optionally some facet filters,
generate ranked list of relevant entities.

B Well researched area with mass market adoption

(e

Fa IC ™ nS Object Concept Ontology Document £ samsung galaxy s6 H (s ) e
\'\ Berlin Search Objects

- Net Maps Shopping More ~ c
Type Objects 1 - 5 of 100 for your search Berlin
Any type
afleiding -
agent Berlin - all filters $300 - $500 Sort: Default ~ View: List ~ . My Shortlist (0) =
celek “type:City s o
city district -Iﬁabel Berlin I — ercha
- -homepage: index.htm our location i % ira - T-| ila -
concept .isDefinedBy: Berlin Mannheim. Germany Samsung Galaxy S6 - 32 GB - Black Sapphire - T-Mobile - GSM
fen(llly - page: Berlin $489.99 from 5+ stores
eature -wikiNamespace: 0 s 1
lecation -wikiPageSortKey: Berlin Show only Fokk A 3,092 product reviews
place -wikiPageModificationDate: 2012-06-19T13:35:26Z o Samsung - Galaxy - Galaxy S - Galaxy S6 - Galaxy S6 (Original) - Android - 5.1 inch screen - 16 MP
populated place - Medification_date-23aux: 2456098.0662731 i F R 5MP (front) - 4G LTE
selllgmenl - specialProperty ASK‘Berlln»-??yiOUERY339d:70934‘a3‘3b97:S!df:rd-‘laTEvDZ:«rED Carefully crafted from metal and glass, the Galaxy $6 and Galaxy $6 edge blend purposeful design with
spatial thing http://semanticweb org/id/Berlin powerful features. The Galaxy S6 edge
subject

wordnet abstraction 100002137 Ost-Berlin - Other options: 32 GB - Black Sapphire - AT&T - GSM ($130) More

wordnet object 100002684 “type: Thing

wordnet physical entity 100001930
wordnet whole 100003553

yago legal actor

yago legal actor geo

yago permanently located entity

-comment: Ost-Berlin ist eine Bezeichnung fur den Teil Grot-Berlins, der nach der Besetzung de
Stadt durch die Siegermachte des Zweiten Weltkriegs 1945 den sow

-Subject: Kategorie: Berliner_Geschichte_(20._Jahrhundert)

-depiction: Flag_of_East_Berlin_(1956-1990).svg

-wikiPageWikiLink: Berlin-Mitte

-wikiPageUsesTemplate: Vorlage: %22

-type: Place

-type: Place

- Subject: Kategorie:Deutsche_Teilung

- Subject: Kategorie:Ehemalige_Hauptstadt

http://de dbpedia org/resource/Ost-Berlin

Samsung Galaxy S6 G920 32GB Factory Unlocked Cell Phone for GS...
$499.99 from 20+ stores
* % k%7 13 product reviews

Samsung - Galaxy - Galaxy S - Galaxy S6 - Galaxy S6 (Original) - Android - 5 MP (front) - 4.87 ounce - 32 GB
GSM

The GALAXY 56 is reinventing the boundaries of design, with a beautiful dual-edge curved display that's
responsive and incredibly efficient. 5.1

Other options: 32 GB - White Pearl ($515) 64 GB - Black ($490)

B Technigues
— hits on different fields contribute differently to ranking

— surface forms of entity names are gathered via click log analysis

— query refinement using facets




Table Search

Given some keywords generate ranked list of relevant tables.

m Example: [~ T e el
Google

Tables =™ Ergebnisse 1 - 10 von ungefahr 178.971 fir Universities in Germany (0.41 Se
Table
Search web

_ List of universities in Germany - Wikipedia, the free encyclopedia
I Web Tables https:/len . wikipedia.org/wiki/List_of_universities_in_Germany
Fusion Tables University University of .. Leipzig University  University of ...

Show less (11 rows / 4 columns total) - Export data

Send Feedback Export to Google Sheets = Export to FusionTables
University Year of establishment Students Location
University of Heidelberg 1386 31,500 Heidelberg
Leipzig University 1409 29,500 |Leipzig
University of Rostock 1419 14,000 |Rostock
University of Greifswald 1456 12,000 | Greifswaki
University of Freiburg 1457 24700 Freiburg
University of Munich 1472 44000 Munich
University of Tubingen 1477 28,700 | Tibingen
University of Halle-\Wittenberg 1502 18,500 Halle
University of Marburg 1527 24000 Marburg
University of Jena 1558 22,000 Jena

List of Universities in Germany - Study in Germany for Free
hitp/Awww studying-in-germany crg/list-of-universities-in-germany/
University = Technische Universitat... Otto Beisheim ... Universitat ...

Show more (21 rows / 3 columns total) - Export data
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Table Search: FeatureRank
RN

m Combination of query independent ir::i?
and query dependent features has-header?

# of NULLs in table
] We|ghts learned using linear regression document-search rank of source page

# hits on header

: : # hits on leftmost column
- HeaVIIy Welghted features # hits on second-to-leftmost column
B hits left-most column # hits on table body

B hits header

B Result quality: fraction of high scoring relevant tables

K Naive FeatureRank
10 0.26 0.43
20 0.33 0.56
30 0.34 0.66

Cafarella, et al.: WebTables: Exploring the Power of Tables on the Web. VLDB 2008.



Ranking using Deeper Understanding of Tables
|

B Improve ranking based on deeper understanding of the tables

B Subject Attribute Detection (ventis)

— Simple heuristic approach (Accuracy: 83%)
- take first column from the left of Web tables that is not a number or a date

— SVM Classifier (Accuracy: 94%)

- fraction of cells with unique content, variance in the number of tokens in each
cell, column index from the left, ...

B Header Detection (Pimplikar)
— one header row: 60%, two or more header rows: 22%, no header: 18%

B Match tables against large-scale knowledge base (ventis)
— Web IsA database for types, TextRunner for relations

Ventis, et al.: Recovering Semantics of Tables on the Web. VLDB 2011.
Pimplikar, Sarawagi: Answering table queries on the web using column keywords, VLDB 2012.



Microsoft Power Query for Excel

B Excel add-in offering table search
B Provides various adapters to index intranet and web data

S&P 500 Component Stocks - List of S&P 500 companies

List of S&P 500 companies - Wikipedia, the free encyclopedia

X

M=+

lumns

Wikipedia

ita Sources

Monday, September 16, 2013

ADD TO WORKSHEET EDIT

£ httpy//en.wikipedia.org/wiki/List_of_S&P_500_companies

Ticker symbol Company SEC filings GICS Sector GICS Sub Industry
MMM 3M Co. reports Industrials Industrial Conglomer
ABT Abbott Laboratories reports Health Care Health Care Equipme
ABBV AbbVie reports Health Care Pharmaceuticals

ANF Abercrombie & Fitch Company A reports Consumer Discretionary Apparel, Accessories
ACE ACE Limited reports Financials Property & Casualty |
ACN Accenture plc reports Information Technology IT Consulting & Servi
ACT Actavis Inc reports Health Care Pharmaceuticals
ADBE Adobe Systems Inc reports Information Technology Application Software
ADT ADT Corp reports Industrials Diversified Commerci
AMD Advanced Micro Devices reports Information Technology Semiconductors

KSS Kohl's Corp. reports Consumer Discretionary General Merchandise
KRFT Kraft Foods Group reports Consumer Staples Packaged Foods & MV
1w Leaucll £oe i o nne Pinneatinman e i s arvanm o

Ticker symbol , Company = , SEC filings , GICS Sector, GICS Sub Industry , Address of Headquarters , Date first added , Key

LEGAL TERMS ~

30 sausgs.

Online Search
€) | s&p 500] R Al
562 results
w Recent changes to the list of
From Wi '..“.’Jt’if.'-d on Monday, September,

List of S&P 500 companies - Wikipedia,

the free encyclopedia

W S&P 500 Component Stocks...

From Wikipedia on Monday, September...
List of S&P 500 companies - Wikipedia,

the free encyclopedia

W Investing - S&P 500

From Wikipedia on Monday, September..

S&P 500 - Wikipedia, the free
encyclopedia

w Index main S&P 500

tenance -

From Wikipedia on Monday, September..

S&P 500 - Wikipedia, the free
encyclopedia

returns - Mark

w Total annual

From Wikipedia on Monday, September..

S&P 500 - Wikipedia, the free
encyclopedia

Next

Excel files

CVS files

XML files

Text files

SQL databases
Azure marketplace
Sharepoint lists
HDFS

Facebook API
SAP Bl Universes
Salesforce Objects
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Shortcoming: Manual Data Integration Required

Home View

o | = &8 A,L 11 [ 1, Replace Values DataType: ~ (= Merge
@& B BELPg s 00 =, Z

"
A
I ) Fill Down FTT Use First Row As Headers = Append @

|v

Apply & Refresh Remove Remove Split  Group ___ em )
Close v Top Rows Columns ~ Hf Column~ By (8 Transform~ &% Unpivot

Query Reduce Sort Transform Create Combine
fx = Table.RenameColumns(FilteredRows, {{"NewColumn.exchange", "exchange"},

exchange ~ stock_symbol ~ date ~ stock_price_close ~ stock_gain_loss_dollar v stock_gain_loss_px
! NYSE AA 1/2/2009 12.11
' NYSE ABC 1/2/2009 35.57
' NYSE ABT 1/2/2009 53.56
' NYSE ACE 1/2/2009 53.03
i NYSE ACN 1/2/2009 33.67
" NYSE ADI 1/2/2009 19.67
' NYSE ADM 1/2/2009 29.19
" NYSE ADP 1/2/2009 40.41
i NYSE AEE 1/2/2009 34.12
" NYSE AEP 1/2/2009 34
) NYSE AES 1/2/2009 864

NYSE AET 1/2/2009
' NYSE AFL 1/2/2009

NYSE AGN 1/2/2009
} NYSE AIG 1/2/2009
) NYSE AlV 1/2/2009
! NYSE AlZ 1/2/2009
' NYSE ALL 1/2/2009

<

v

Query Settings

4 PROPERTIES
Name
First Trading Day (2)

Navigator

Description

4 APPLIED STEPS

Source
ChangedType
FilteredRows

X RenamedColumns

RemovedColumns

4 LOAD SETTINGS

O O O O O O O O O 0O O O O O O O © O

v __| Load to worksheet
__| Load to Data Model

PREVIEW DOWNLOADED AT 10:51 AM.
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Constraint Search Join
RN

A Constraint Search Join is a join operation which extends
a local table with an additional user-specified attribute
based on alarge corpus of heterogeneous tabular data.

Region , GDP per Capita“
No. | Region Unemployment GDP per Capita
1 Alsace 11 % 45.914 €
2 Lorraine 12 % 51.233 €
3 | Guadeloupe 28 % + 19.810 €
4 | Centre 10 % 59.502 €
5 Martinique 25 % 21,527 €




Assumptions on Table Corpus

1. Entity-Attributes-Tables
— One entity per row

2. Subject Attribute
— name of the entity
— string, no number or other data type
— relatively unique values

— used as pseudo-key

Rank Film Studio Director Length
1. Star Wars —Episode 1 | Lucasfilm George Lucas 121 min
2. Alien Brandwine Ridley Scott 117 min
3. Black Moon NEF Louis Malle 100 min




Input/Output: Constraint Search Join
|

H [nput:
1. Corpus of heterogeneous tables
2. Query table
3. Subject attribute specification
4. Keywords describing extension attribute

B Output:
— Query table complemented with extension attribute



Elements of a Search Join
RN

R =c(m (q, Sq,s,a(Tweb)))

s() . Search operator determines the set of relevant tables
m() : MultiJoin operator performs a series of left-outer joins
between the query table and all relevant tables

c() : Consolidation operator fuses attribute values in order to
return a concise result table containing high-quality data



The Search Operator

The search operator determines the set of relevant tables.

B Dimension of Relevancy

1. Right Attribute
— table should contain the extension attribute

— requires schema matching

2. Entity Coverage
— table should cover many entities from the query table

— requires identity resolution

3. Timeliness
— data should refer to desired point in time

4. Trustworthiness
— data should be trustworthy



Multi-Join Operator
|

The multi-join operator performs a series of left-outer joins on the
subject attribute between the query table and all relevant tables.

B [nput
g = query table

T, = set of relevant tables

m Output
t. = extended query table

1 | Alsace 45.000 € 45.914 € 45.363 48,900 $
2 | Lorraine NULL 51.233 € NULL NULL

3 | Guadeloupe 19.000 € NULL NULL 20,200 $
4 | Centre 59.500 € NULL 59.230 63,260 $
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Consolidation Operator
|

The consolidation operator fuses attribute values in order to
return a concise result table containing high-quality data.

_ Input No | Region GDP (current, €)
t. = extended query table 1 | Alsace 45.914
2 Lorraine 51.233
B Output
3 Guadeloupe 19.000
t, = resulttable 4 | Centre 59.500

B The operator might employ various conflict resolution functions
B majority vote

clustered vote

considering timeliness of data

considering source trustworthiness



Infogather
|

m Prototype developed by Microsoft Research
B Data corpus: 573 million HTML tables from Bing Crawl (2011)
B Splits HTML Tables into Binary-Entity-Attribute Tables

Subject Attribute Subject Attribute
Region Unemployment Region GDP per Capita
Alsace 11 % Alsace 45914 €
Lorraine 12 % Lorraine 51.233 €
Guadeloupe 28 % Guadeloupe 19.810 €

Yakout, et al.: InfoGather: Entity Augmentation and Attribute Discovery By Holistic
Matching with Web Tables. SIGMOD 2012.



Matching Graph

B Pre-compute matching graph between tables

B Features used for matching

Model Brand Part No Mfg
1. Key values overlap S80 Nikon | g5 | DSCW570 | Sony
. .. ) Easyshare CD44 | Kodak €==) T1460 B
2. Attribute label similarity -
DSC W570 Sony Optio E60 | Pentax
3. Attribute values similarity Optio E60 | Pentax 58100 Nikon
w
4. Textual context around tables similarity N3 7 s
L R el

5. Table to context similarity Model Brand
6. Table to table as bag of words similarity SP 600Uz Olympus
7. URL similarity DSCWS70 | Sony

_ o _ GX-1S Samsung
8. column width similarity

Al10 Canon

B Accuracy of the resulting correspondences
— Cameras and movies: 0.95

— Governors and members of parliament: 0.5



Query Processing
|

m Input: Query table, keywords describing extension attribute

B Web tables considered relevant for the query
— share subject attribute value with query table

— and directly match extension attribute

— or are connected to directly matching tables via the matching graph

B Matching score
— directly matching tables: entity overlap / min(1t,1,1¢,1)
— indirectly matching tables: propagate score along edges of matching graph

B Predict values
— cluster by value

— sum matching scores per cluster

— choose centroid of cluster with highest score or top-k centroids



Model Brand Part No Mfg
S80 Canon 0.4 DSC W570 | Sony
Easyshare CD44| Kodak (€-----= >  T1460 Benq
Query 0.25 DSC W570 Sony Optio E60 |Pentax
Table Optio E60 Pentax S8100 | Nikon
b 0.25 7
Model Brand Model Brand ,,", Indirect
S80 ?7? SP 600UZ  |Olympus| / 0.2 matching
T1460 27 O T pscwsro Sony P tables
GX-1S ?7? GX-1S Samsung
Al10 ?7? Al10 Canon
Y 0.25
Model Brand
0.5 S80 Benq Direct
Al0 Innostream| ~ Matching
A460 Samsung tables
S710 HTC




Evaluation

B Queries
Query Subject Attribute Extension Attribute
Cameras Camera model Brand
Movies Movie name Director
Baseball Team name Player
Albums Musical band Album
UK-pm UK political party Member of parliament
US-gov US state Governor

m Ground Truth
— Camera, movies: Bing shopping database
— Baseball, Aloums, UK-pm, US-gov: Wikipedia, Freebase

B Size of query table
— 12 to 6000 rows



Evaluation Results
RN

Query Subject attribute Extension Attribute Precision | Coverage
Cameras Camera model Brand 0.85 0.93
Movies Movie name Director 0.92 0.97
Baseball Team name Player 0.72 1.00
Albums Musical band Album 0.75 1.00
UK-pm UK political party Member of parliament 0.60 0.91
US-gov US state Governor 0.90 1.00
AVG 0.79 0.97




Shortcoming
|

B Users need to know the extension attribute beforehand

B No discovery of additional relevant attributes



Unconstraint Search Join
RN

Given a local table and a subject attribute, add all attributes to
the local table that can be filled beyond a density threshold.

Region density >=0.8
No. | Region Unemp. GDP Population Overseas
Rate per Capita| Growth department
1 | Alsace 11 % 45.914 € 0,16 % No
2 | Lorraine 12 % 51.233 € -0,05 % No
3 | Guadeloupe 28 % " 19.810 € 1,34 % Yes
4 | Centre 10 % 59.502 € NULL NULL
5 | Martinigque 25 % NULL 2,64 % Yes




Prototype: RapidMiner Linked Open Data Extension

Features UNIVERSITY O

_ N _ _ MANNHEIM
1. Extend local table with additional attributes from a Linked Data Cloud
2. Follows RDF links into other Linked Data sources

3. Provides for mining extended table using all RapidMiner features

Input Table  Link Additional Attributes

Row Mo. region unempl... region_uri ‘name_uri_.., name_uri_... N@mMe_uri_... name_uri_... name_uri_... name_uri_... Nname_uri_... name_uri_... name_uri_... name_uri_... I
18 Bretagne 0.097 hitp:iwifo5-0 71136.200 1097.057 1.220 0.780 15536.500 13490 924 888.400 3704 2438 2
19 Pays delaL 0.098 http:ifwifo5-0 ‘82131.800 756.007 0.980 0.840 15720600 15631 3494 400 733 4842 338 3
16 Limousin 0.100 hitp:/iwifo5-0 15703.300 | 124.380 0.780 0.280 16510400 3282 1248.700 1017.700 1528 78
15 Rhine-Alpes 0.102 http:!Mif05—01158329 3896.363 1.880 0.890 17003 56881 28175900 807.¥00 9428 455 £
14 Auvergne 0.102 http:/fwifo5-0 20720200 689.348 1.580 0.260 16396.800 G450 1009.400 951.900 2374 151 y
11 Centre 0.107 http:/fwifo5-0 ‘59502 868.893 1.140 0.340 16880.700 12992 13745600 761.100 3838 317 X
12 Basse-Morm 0.108 http:fMifaS—U‘32224.60[] 297.951 0.910 0.280 15678.300 7117 3085.400 T60.100 2148 146
13 Bourgogne 0.108 http:ifwifo5-0 ‘3?778.20[1 358.552 0.890 0.150 16654500 8742 338.700 848.900 3206 178 X
21 Midi-Pyrénée 0.110 http:!MifoS—U‘64525 2282610 2180 1.160 15728200 12598 7964 784500 4820 304 ¢
3 Franche-Cor 0.110 http:JMifoErU‘26343.400 529.876 1.390 0.390 16445900 6989 689.800 758.100 1649 134
22 fe-de-France 0.110 http:!MifoS—D#BQMB.?DEI 14364.372  3.140 0.620 20912 51984 5914 660.200 24309 448
1 Alsace 0112 http:ifwifo5-0 ‘45914 692.110 1.350 0.700 17112900 11960 3563.700 883.100 2597 119 H
23 Aquitaine 0.112 http:ifwifo5-0 ‘74099.700 1146.621 1.070 0.930 16118.900 15200 5894 802.800 6088 349 ¢
17 Poitou-Chan 0.113 httpi!Mifos-D‘?,?BBU.?DU 305.333 0.760 0.620 15766.100 7850 138.500 698.700 2490 239 p
25 Corse 0114 hitp:iiwifo5-0 5686.200 13.209 0.900 0.970 14775.800 858 448 921.100 1115 44 H
2 Lorraine 0122 http:/fwifo5-0 ‘51233.500 546.504 0.920 0.160 16035400 17315 9565.700 824 400 3640 192 p
10 Haute-Norm 0.124 hitp:iiwifo5-0 43191.300 600.947 0.950 0.240 16464.700 14035 11481.400 650 2418 155
G Champagne 0.125 http:!fwifo&ﬂ‘33075 237 687 0.560 -0.100 15911.500 8134 5393.100 T40.200 2065 124 p!
24 Provence-Al} 0.131 http:/iwifo5-0 117460.300 2099.396 1.650 0.870 16582.400 (27335 5690 813.200 14913 469 ¥
<] I [ >

http://dws.informatik.uni-mannheim.de/en/research/rapidminer-lod-extension/



Resulting Correlations

m Population growth (positive) m Hospital beds/inhabitants (negative)
m Fast food restaurants (positive) m GDP (negative)
m Police stations (positive) m Energy consumption (negative)

m Overseas Department (positive)

S« Y R O
S it it
G s 1 T

(a) Unemployment by region

Petar Ristoski, Christian Bizer, Heiko Paulheim: Mining the Web of Linked Data with
RapidMiner. Journal of Web Semantics, 2015.
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Shortcoming
|

B Requires RDF links

B Not applicable to other forms of Web data
(HTML tables, Microdata annotations, data portals, ...)



3. The Mannheim Search Join Engine (MSJE)

B Provides for constraint and unconstraint search joins . viney o

MANNHEIM
L L
1. Tabl | WS EEE HESEUEIG ®
—
W;

Data collection Collection of tables Table Normalization

§139993588533

Table Storage Table Index

ooy

2 Netherlands
3 Andorra M
4 Greece
2. Table 5 serbia
6 Germany » m
7 Switzerland - \
Search Bl sioveioe &'\i\'} ; » A

9 Belgium \
Search

10 Romania
Input query table User Preferences '

11 Hungary
12 Moldova
13 Denmark

coordinat coordinati coordinati string FGLT S numeric  numeric

— = =
3 0.6 6.4 8113000 5192000) - —
a1 218 0.3 http://dbj unitary staEECE Y Frgi -
3 . D a ta a a7 1.09 http dbpe republic cllPZEL ST LN i ey
3.7 0 monarchy 433900 252013 —— .
- o 109 5.7 6681000 4148000) =
Consolidation esn
a6 0.2 4.45 http://dbj parliame: 971700 865494

3.2 18.8 10 http://dbj parliamerfiEEE MR PLEN L
9.8 14.7 [RCHJEELTELEY 45262000 17266000)
6.9 3 2.416 http://dbj federalisrilzas RV RBIVEEN 11
157, 16.2  0.8669 http://dbj unitary staCEFsT REE I

VT

MultiJoin Top k Candidates
Consolidation

http://searchjoins.webdatacommons.org
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The Search Operator

All tables that describe the entities from the query table
are relevant.

B Table Ranking
— Subject column overlap

— Two variations:

1. Exact match of tokens — T

2. Similarity match of tokens
using FastJoin library (fuzzy Jaccard)

Relevant

B Select TopK Tables 1

— We use Top 1000 tables in the single column
experiments T 1]




Query Table

Collective Disambiguation

City

Berlin

Madison

Chatham

Perth

Web Table 1

City Country
Munich Germany
Berlin Germany
Mannheim Germany
Frankfurt Germany
Karlsruhe Germany
Web Table 2

City Country
Madison USA
Berlin USA
Chatham USA

Fort Reed USA
Sunville USA

1
sCo =7
3
SCO = —
4




Multi-Join Operator

The MultiJoin operator performs a series of left-outer joins
between the query table and all relevant tables.

1 | Alsace 11 % NULL 45914 € 45.000 €
2 | Lorraine 12 % NULL 51.233 € NULL

3 | Guadeloupe 28 % 26 % NULL 19.000 €
4 | Centre 10 % 9.4 % NULL 59.500 €

\
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Consolidation Operator
|

The consolidation operator merges corresponding columns
and fuses values in order to return a concise result table.

B Column Matching

B Combination of label- and instance-based techniques

B Conflict Resolution

1.
2.
3.

cluster similar values
choose largest cluster

choose most frequent value
(alternative: calculate mean)

No | Region | Unemploy | GDP
1 | Alsace 11 % 45914 €
2 | Lorraine 12 % 51.233 €
3 | Guadelo 28 % 19.000 €
upe
4 | Centre 10 % 59.500 €




Evaluation: Types of Web Data Used

M|Cr0data. Germany

eud 81,471,834 357,021 berlin HTML Tables
(schema.org) ina
yuan| 1,330,044,000 9,596,960 beijing|
lealy eul 58,145,000 301,230 rome
Wiki Tables southiKorea won 48,422,644 99,538 seoul Linked Data
Tuval australian dollar] 10,000* 26| funafuti

7 e Entity Label
:* W Column
: x % j \
LI :

X \

* Deviates more than 10% from wikipedia.org

fp_:'-;(;'})_-‘ : 2
e
B
"@

Microdata: Web Data Commons Corpus. http://webdatacommons.org/structureddata/
HTML Tables: Web Data Commons Table Corpus. http://webdatacommons.org/webtables/
Wiki Tables: Northwestern University Corpus. http://downey-n1.cs.northwestern.edu/public/

Linked Data: Billion Triples Challenge 2014: http://km.aifb.kit.edu/projects/btc-2014/
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Corpus Statistics
|

Corpora statistics

Corpus # Tables # Triples #Cols.  Avg. cols. Min. cols. Max. cols. #Rows Avg.rows Min.rows  Max. rows
Web 147.6M 6.7B 510M 3.49 2 2368 1.8B 12.41 1 70K

tables

Microdat®96K 250M 388K 4.02 1 62 76M 785.96 1 630K

BTC 76K 634M 592K 7.78 2 5465 18M 244.00 1 1.2M

Wiki 1.35M 220M 7.5M 5.34 0 2349 16M 10.97 0 5K

tables

Preprocessed corpora statistics

Web 35.7M 2.3B 125M 449 3 713 699M 19.52 5 36K
tables

Microdata36K 150M 187K 5.27 3 62 38M 1056.02 5 50K
BTC 16K 555M 285K 18.5 3 3942 11M 716.00 5 340K
Wiki 585K 60M 3.7M 6.3 3 1000 12M 19.38 5 5K
tables

m Data originates from over 1 million different websites

B Tables filtered out in preprocessing
— less than 5 rows, less than 3 columns

— Nno subject attribute
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Evaluation Results: Constraint Search Joins

100% -

80% -‘

60%

40%

20%

o Head- . Currenc | Popu- | Ingre- ) . . )
Author quarter Industry| Area | Capital | Code y lation | dient Cast |[Director| Genre | Year | Artist | Team |Average
Book Company Country Drug Film Song ?’?:;:rr All

Coverage 93% 94% 94% | 100% | 100% | 100% | 94% | 100% | 87% 94% 97% 97% 96% 99% 88% 95%
m Precision 96% 96% 94% 95% | 100% | 94% 96% 64% 89% 85% 97% 86% 97% 95% 67% 90%
Web Tables | 223 131 65 214 111 414 95 252 179 142 208 137 318 73 232 | 186.27

Exact

Wiki Tables 93 122 58 295 110 231 0 466 0 250 482 158 660 23 43 199.40
BTC 14 2 ] 21 12 70 0 25 2 3 ] 0 ] 0 2 10.27
Microdata 12 1 0 0 0 97 0 0 0 4 5 16 1 0 7 9.53

Coverage 99% | 100% | 100% | 100% | 100% | 100% [ 99% | 100% | 98% 97% 99% 99% 99% 99% 95% 99%
 Precision 74% 88% 94% 84% 87% 85% 75% 62% 90% 55% 87% 69% 78% 95% 54% 78%
Web Tables | 661 418 103 509 162 544 350 333 605 389 247 424 329 874 887 | 455.67

Similar

Wiki Tables | 202 564 0 435 197 291 0 625 3 546 720 498 499 36 75 312.73
BTC 95 12 0 53 23 133 0 40 4 28 6 7 5 34 4 29.60
Microdata 41 0 1 1 32 0 0 0 13 16 44 5 53 33 16.33

B Size of query tables: 50-200 rows
m Ground truth: IMDB, Wikipedia
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Example Result: Extend with Single Column
|

Home Examples . Live Demo About Contact Credits

. UNIVERSITY Of
Song_Artlst MANNHEIM
Extended Table
Show 10 v entries Search:

song Artist (287 Sources) ©
string 4 string
gimme shelter rolling stones
god only knows beach boys
good golly miss molly little richard
good vibrations beach boys
great balls fire jerry lee lewis
heartbreak hotel elvis presley
help beatles
heroes david bowie
hey jude beatles
hotel california eagles
«| | »
Showing 21 to 30 of 99 entries Previous @ 1 2 4 5 10 Next

Export CSV | Export RDF



Provenance Summary

Table Statistics

Total Number of Columns: 2
Total Number of Entries: 100

Table Sources Distribution

[l BTC Tables
% Il Microdata Tables

Web Tables
B Wikipedia Tables




Provenance Detalls

Table Sources

BTC sources

« www.bbc.co.uk_http___ purl.org_ontology_po_MusicSegment
« lastfm.rdfize.com_http___purl.org_ontology_mo_Performance
« lastfm.rdfize.com_http___purl.org_ontology_mo_Performance
« www.bbc.co.uk_http__ purl.org_ontology_po_MusicSegment

Microdata sources:

« lastfm.se_http___schema.org_MusicRecording
searchmp3.mobi_http___schema.org_MusicRecording
gobuz.com_hitp___schema.org_MusicRecording
palcomp3.com_http___schema.org_MusicRecording
songsterr.com_http___schema.org_MusicRecording
pandora.com_http___schema.org_MusicRecording

« wom.de_http__schema.org_MusicRecording

Wiki sources

« Full_list_462907_957939

« N_0O_329289_ 636703

« All_Hot_100_singles_349646_689163
« Number-one_singles_529408_1104447

http://searchjoins.webdatacommons.org/




Evaluation Results: Unconstraint Search Joins

Query Added attributes Max. fused Web tables =~ Wiki tables Microdata BTC
Book 2551 37 804 112 47 25
City 2685 70 780 172 13 28
Company 2056 57 920 40 A 16
Country 2328 157 753 233 1 23
Drug 1936 90 923 22 4 48
Film 3194 19 783 150 39 23
Soccer player 1695 72 895 91 14 0
Song 2651 16 888 a3 38 19
Parameters

B Minimum attribute density: 50%

m Similarity threshold for merging attributes:
0.8 for string attributes and 0.4 for numeric attributes



Reduced Example: Unconstraint Search Joins
|

Home Examples . Live Demo About Contact Credits

UNIVERSITY Of

Countries MARINHEN
Extended Table
Show 10 v entries Search:
country population (33 Sources) (+] area (sq. km) (18 Sources) (+] number of time zones (8 Sources) © lifeexpectancy (10 Sources) 4] n
string 4 numeric numeric numeric numeric n
abkhazia 216000 8600 5 null 4
afghanistan 2.99E+07 647500 1 45.02 0
albania 3170000 28748 1.05 77.41 4
algeria 3.38E+07 2381741 1.01 73.7 4
andorra 78115 468 1 82.43 0
angola 1.59E+07 1246700 1.02 54.14 3
argentina 4.01E+07 2780400 1 76.95 3
australia 20090437 7741220 1.03 81.81 6
bahrain 727785 694 1.33 77.5 3
benin 8532547 112620 1 57.83 3
« N »
Showing 1 to 10 of 98 entries Previous - 2 3 | 4 5 10 Next

Export CSV | Export RDF



Provenance Summary

Table Statistics

Total Number of Columns: 505
Total Number of Entries: 99

Table Sources Distribution

[l BTC Tables
9% Web Tables
B ‘Vikipedia Tables




Summary: Search Join Systems

Octopus InfoGather WikiTables MSJ Engine
Developer Google Research Microsoft Research Northwestern University of
University Washington Purdue University University Mannheim
Extend Single Attribute Single Attribute Multiple Attributes Single Attribute
Operation Multiple Attributes
Corpus Google Web crawl HTML tables from Bing Tables from WDC Web Tables
via Search API Web crawl Wikipedia WDC Microdata

WikiTables data
Linked Data

o Cafarella, et al.: Data Integration for the Relational Web. VLDB 2009.
* Yakout, et al.: InfoGather: Entity Augmentation and Attribute Discovery By Holistic
Matching with Web Tables. SIGMOD 2012.

« Bhagavatula, et al.: Methods for Exploring and Mining Tables on Wikipedia. KDD IDEA 2013.

 Lehmberg, et al.: The Mannheim Search Join Engine. Journal of Web Semantics 2015.




4. Conclusions and Outlook
RN

m Conclusions
— Search Joins bring together Web Search and DB Joins

— The prototypes show that simple joins are feasible
— Different types of Web data contribute to different queries

B Outlook

— Application of search joins in specialized domains

- knowledge base extension (DBpedia)
- mining intranet data (together with RapidMiner as industry partner)

— How to deal with the overwhelming number of new attributes?



Idea: Schema Complement
|

Add attributes while preserving “consistency” of the schema.

B \What should be considered “consistent”?

B Possible answer: Combinations of local and Web attributes that
often occur together on the Web.

B Approach
— Generate frequent item set database from Web table schema corpus.

— Retrieve frequency of all combinations of one local and Web attribute.

— Aggregate frequencies for Web attributes.

B Not investigated yet: Combination of “consistency” with other
guality dimensions like “density” and “trustworthiness”.

 Das Sarma, et al.: Finding related tables. SIGMOD 2012.



Advertisement: Open PhD Position
|

Project: Querypedia - Query-specific Wikipedia Construction

Skills: We are particularly interested in candidates with a
background in one or several of the following areas:

— statistical text processing (e.g., automatic summarization,
event extraction and ordering)

— machine learning
— knowledge base construction
— information retrieval

— distributed large-scale processing

Salary: TV-L 13 100%

Contact: Laura Dietz. queripidia-jobs@uni-Mannheim.de



