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Outline

1. What does the Semantic Web actually look like?
1. Linked Data 
2. HTML-embedded Data

2. Page- and Site-Structure as Semantic Clues
1. HTML tables and lists
2. Web site structure

3. What does this mean for Semantic Web applications?
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1. What does the Semantic Web actually look like?

Linked Data HTML-embedded Data
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2.1 Linked Data Deployment

Schmachtenberg, Bizer, Paulheim: Adoption of the Linked Data Best Practices. ISWC2014.
Ermilov, Lehmann, Martin, Auer: LODStats: The Data Web Census Dataset. ISWC 2016.

Topics # of Datasets Percentage
Media 24 2	%
Government 199 18	%
Publications/Library 138 13	%
Geographic 27 2	%
Life	Sciences 85 8	%
Cross‐domain 47 4	%
Unser‐generated Content 51 5	%
Social Networking 520 48	%

LODStats 2016: 2740 datasets 

LOD Cloud 2014: 1091 datasets 
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Ontological Agreement

 Strong agreement on some vocabularies
• base terminology, people, publications

 Proprietary vocabularies are used in
addition to common ones, 
as data is often very specific

http://linkeddatacatalog.dws.informatik.uni-mannheim.de/state/
https://lov.okfn.org/dataset/lov/
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 Some datasets put a lot of effort into linking

 Many datasets only link to a small number of 
other datasets or do not set RDF links at all

RDF Links

Link	to # of Datasets Percentage
more than 10	datasets 79 8	%
6	to	10	datasets 81 8	%
5	datasets 31 3	%
4	datasets 42 4	%
3	datasets 54 5	%
2	datasets 106 10	%
1	datasets 176 17	%
0	datasets 445 44	%

http://linkeddatacatalog.dws.informatik.uni-mannheim.de/state/

71	%

16	%
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Cool Applications

Prototypes of Semantic Web browsers and search engines.

Many of them are discontinued!
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2.2 HTML-embedded Data

Microformats

Microdata
RDFa

JSON-LD
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Overall Adoption 2017

Web Data Commons, 2017:
 7.4 million pay-level-domains (PLDs) out of the 26 

million PLDs provide HTML-embedded data (28%)
 1.2 billion HTML pages out of the 3.2 billion pages 

provide HTML-embedded data (38.9%)
http://webdatacommons.org/structureddata/2017-12/

1000 times more PLDs compared to Linked Data
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Widely-used Classes

Class # of Domains
WDC	2015

# of Domains
schema.org	2015

schema:PostalAddress 124,000 >	1,000,000
schema:Product 108,000 >	1,000,000
schema:Offer 82,000 >	1,000,000
schema:LocalBusiness 77,000 500,000	‐ 1,000,000
schema:Person 74,000 >	1,000,000
schema:Review 28,000 250,000	‐ 500,000
schema:GeoCoordinates 17,000 100,000	‐ 250,000
schema:Event 12,000 100,000	‐ 250,000
schema:Hotel 5,300 10,000	‐ 50,000
schema:Restaurant 3,800 10,000	‐ 50,000
schema:JobPosting 3,600 10,000	‐ 50,000

http://webdatacommons.org/structureddata/2015-11/
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Challenge: Flat Data Structures

Websites do not explicitly annotate product features 
but mention them in product names and descriptions.

<div  itemtype="http://schema.org/Product">

<span itemprop="name">Apple MacBook Air A1370 Intel Core i5
1.60GHz 64GB SSD 11.6 Laptop

</span>

<span itemprop=“description"> Catch up on work, school, or socializing 
on the Apple MacBook Air A1370 11.6-inch laptop. This handy
computer features 2GB DDR3 RAM, an Intel Core i5 560UM
processor, 64GB hard drive, and the Mac OS … 

</span>

</div>

Petrovski, Bryl, Bizer: Integrating Product Data from Websites Offering Microdata Markup. 
DEOS 2014.
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Challenge: Small Amount of Identifiers and Data Links

1. Small amount of product identifiers

2. Hardly any schema:sameAs links
Definition: URL of a reference Web page that unambiguously 

indicates the item's identity.

Properties PLDs
# %

schema:Product/sameAs 85 0.07	%
schema:LocalBusiness/sameAs 655 0.8	%
schema:Organization/sameAs 3,900 5	%

Properties PLDs
# %

schema:Product/productID 9,221 10	%
schema:Product/gtin13 935 1	%

http://webdatacommons.org/structureddata/2015-11/
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Cool Applications

1. Rich snippets within search results

2. Knowledge graph 
panels

https://developers.google.com/
structured-data/
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Linked Data vs. HTML-embedded Data

Expectation Linked Data HTML‐embedded Data

1. People publish 
structured data

> 1000 sources,
wide range of 
specific topics

Millions of sources,
focused on search 

engines and Facebook
2. Ontologies enable 

understanding
Partial agreement,

complex data structures
Strong agreement,
flat data structures

3. Hyperlinks on data
level Some data links Hardly any data links

4. High quality content Web quality, 
partly outdated

Web quality, 
some SPAM

5. Cool applications various application 
prototypes

strong application pull 
by search engines
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2. HTML Page- and Site-Structure as Semantic Clues



Bizer: Exploiting Semantics Where We Find Them. VU Amsterdam, 19 June 2018. Slide 16

 Attribute Statistics

28,000,000 different attribute labels

Web Data Commons – Web Tables Corpus

Attribute #Tables
name 4,600,000
price 3,700,000
date 2,700,000
artist 2,100,000
location 1,200,000
year 1,000,000
manufacturer 375,000
counrty 340,000
isbn 99,000

 Subject Attribute Values

1.74 billion rows
253,000,000 different subject labels

Value #Rows
usa 135,000
germany 91,000
greece 42,000
new york 59,000
london 37,000
athens 11,000
david beckham 3,000
ronaldinho 1,200
oliver kahn 710

233 million relational Web tables from 15 million pay-
level-domains (PLDs)
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Template-Structure of HTML Pages

 Most websites are generated from 
databases using HTML-templates.

 Wrapper induction
• Supervised learning

 Problem:
• Wrappers are site-specific
• Large scale extraction noisy 
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Hypothesis

 Some providers spend a lot of effort in publishing 
their data. 

 Most providers are not willing to spend a lot of effort.
• Small amounts of links and shared identifiers
• Flat data structures
• Heterogeneity of vocabularies

 The wider the coverage we want, 
the less structured the content we get

We will keep on seeing similar adoption patterns, 
as we need to be realistic about the effort spent 

by data publishers.
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Be happy about all semantic clues 
(integration hints) provided

But do not expect the clues to be perfect

3. What does this mean for Semantic Web Applications?
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The Structural Continuum

Be open to different forms of 
“structured” web content. 

HTML tables

DOM Trees

CSV Tables
HTML-embedded Data

Linked Data Knowledge
Graphs
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Exploiting the Structural Continuum

Use the small amounts of clean content to 
understand the larger amounts of less structured 

content. 

HTML tables

DOM Trees

CSV Tables

HTML-embedded Data

Linked Data Knowledge
Graphs
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Google Knowledge Vault

 Extends Freebase with data from 
one billion web pages
1. Web text (TXT): Entity linking, 

relationship extraction
2. HTML trees (DOM): Wrapper induction
3. HTML tables (TBL): Relational tables
4. Semantic Annotations (ANO): schema.org, OGP

 Employs knowledge-based trust for 
data fusion

 Results:
• 271 million facts with confidence >90%
• 90 million facts not in Freebase before 

Dong, et al.: Knowledge Vault: A Web-scale Approach to Probabilistic Knowledge Fusion. 
SIGKDD 2014. 
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Parsing Flat Descriptions

Ristoski, Mika: Enriching Product Ads with Metadata from HTML Annotations. ESWC 2016. 
Foley, et al.: Learning to Extract Local Events from the Web. SIGIR 2015.

Dictionary

Pa
rs

er

schema.org

schema.org data suitable as 
distant supervision:
 schema:Product/brand

 schema:Product/manufacturer

 schema:JobPosting/industry

 Schema:JobPosting/skills

 schema:Event/name
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Exploit Schema.org and HTML Tables Together

Qui, et al.: DEXTER: Large-Scale Discovery and Extraction of Product Specifications on the Web. VLDB 2015.
Petrovski, et al: The WDC Gold Standards for Product Feature Extraction and Product Matching. ECWeb 2016.

s:name

HTML table

s:breadcrumb
s:price
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Create and Verify Data Links

 Supervised learning of detailed 
matching rules leads to F1>95%
(e.g. Silk and LIMES frameworks)

 Sources of distant supervision
1. RDF links

• owl:sameAs

2. shared identifiers
• schema:Product/productID
• schema:Product/gtin13

 How good can we get in large-scale settings using this supervision?

 How to generalize matching rules to data from multiple sources?

Qiu, Srivastava, et al.: Big Data Linkage for Product Specification Pages. SIGMOD 2018.
Stonebraker, et al.: Data Curation at Scale: The Data Tamer System. CIDR 2013.
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Conclusions
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 The Semantic Web contains more data than most people like

 exciting test-bed for research on data profiling, cleansing 
and integration 

 Large data pool for commercial applications (product comparison, 
business listings, job search, …)

The Semantic Web is Huge

Billions of product offers

A description of every 
hotel in the world

Most job adds are annotated
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Semantic Web Clients need to be FAT Clients

There are no shortcuts!

1. Crawl data

2. Normalize vocabularies

6. Resolve data conflicts

3. Parse flat descriptions

4. Verify existing data links

5. Create missing data links
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Challenge and Opportunity: The Structural Continuum

Use the small amounts of clean content to 
understand the larger amounts of less structured 

content. 

HTML tables

DOM Trees

CSV Tables

HTML-embedded Data

Linked Data Knowledge
Graphs
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Thank you


