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WiFi 

- Network: Delta-Meeting

- Password: not needed(?)





Entity?

- Uniquely identifiable thing or object

- “A thing with a distinct and independent existence”



What’s so special about 
entities?

- ID

- Name(s)

- Type(s)

- Attributes (/Descriptions)

- Relationships to other entities



Knowledge graphs

- The “backbone” of semantic 
search


- They define

- entities 
- attributes 
- types 
- relations 
- (provenance, sometimes) 
- and more  

- external links, homepages, 
features, …



Entity Linking?

Mihalcea and Csomai’s most accurate approach to this is based on 
link probabilities obtained from Wikipedia’s articles. Formally, the 
link probability of a phrase is defined as the number of Wikipedia 
articles that use it as an anchor, divided by the number of articles 
that mention it at all. Thus the detection approach is to gather all n-
grams for a document and retain those whose link probability 
exceeds a certain threshold. When tested on Wikipedia articles, the 
resulting anchor vocabularies matched the original markup with a 
precision of 53% and a recall of 56%. 
The next phase, disambiguation, ensures that the detected phrases 
link to the appropriate article. For most anchors, there are several 
destinations to choose from. The term plane, for example, usually 
links to an article about fixed wing aircraft. Sometimes, however, it 
points to a page describing a theoretical surface of infinite area and 
zero depth, or a tool for flattening wooden surfaces. To choose the 
most appropriate destination, Wikify’s best approach extracts 
features from the phrase and its surrounding words (the terms 
themselves and their parts of speech), and compares this to training 
examples obtained from the entire Wikipedia. When run over 
anchors obtained from Wikipedia articles, this is able to match the 
manually defined destinations with a precision of 93% and a recall 
of 83%. However, it requires enormous preprocessing effort, 
because the entire Wikipedia must be parsed.   
The problem of topic indexing is closely related to wikification. 
Here the aim is to identify the most significant topics; those which 
the document was written about (Maron, 1977). These index topics 
can be used to summarize the document and organize it under 
category-like headings. Wikipedia is a natural choice as a 
vocabulary for obtaining index topics, since it is broad enough to be 
applicable to most domains. To use Wikipedia in this way, one must 
go through much the same process as wikification: one must detect 
the significant terms being mentioned, and disambiguate these to the  

appropriate topics. The only difference is an additional stage where 
the most important topics are identified.  
Medelyan et al. (2008) make these similarities very clear in their 
approach to topic indexing with Wikipedia, and even reuse 
Wikify’s approach for detecting significant terms. They differ in 
how they disambiguate terms, however. They gain similar results 
much more cheaply by balancing (a) the commonness (or prior 
probability) of each sense and (b) how the sense relates to its 
surrounding context. This approach explained in Section 3.1, 
where we improve upon it by weighting context terms and using 
machine learning to balanced commonness and relatedness.  

3. LEARNING TO DISAMBIGUATE LINKS 
This section describes and evaluates a new approach to 
disambiguating terms that occur in plain text, so they can be 
linked to the appropriate Wikipedia article. It seems odd to cover 
this problem first when the techniques described previously tackle 
the task of detection—recognizing terms that should be linked—
before deciding where they should link to. This reflects one of the 
key differences of our approach: it uses disambiguation to inform 
detection, and thus this stage must be described first.   

3.1 A learning approach to disambiguation 
We have developed a machine-learning approach to 
disambiguation that uses the links found within Wikipedia articles 
for training. For every link, a Wikipedian has manually—and 
probably with some effort—selected the correct destination to 
represent the intended sense of the anchor. This provides millions 
of manually-defined ground truth examples to learn from.  
All the experiments described in this paper are based on a version 
of Wikipedia that was released on November 20, 2007. It contains 
just under two million articles. Because we wanted a reasonable 
number of links to use for both training and evaluation, we 
selected articles containing at least 50 links. We also avoided lists 

Figure 1: A news story that has been automatically augmented with links to relevant Wikipedia articles 
 

Image taken from Milne and Witten (2008b). Learning to Link with Wikipedia. In CIKM '08. 



Entity Linking/Retrieval?



Entity Retrieval?



Semantic search



Semantic search

- Improve search accuracy by understanding 
searcher intent and the contextual meaning of 
terms/documents/…


- Move beyond “ten blue links” (towards actually 
answering information needs) using rich 
context 



‘hilton paris’



‘countries in 
africa’



‘good camera 
under $300’



Semantic search

- Centers around entities

- “Who was the first human in outer space?” 
- “How tall is the Eiffel tower?” 
- “Who is Brad Pitt married to?” 
- “Where is the closest Starbucks?” 
- “Which airlines fly the Airbus A380?” 
- “What is the best Chinese restaurant in Montreal?” 

- Entity/Attribute/Relationship retrieval

- + social, + personal 
- + (hyper)local



Semantic search

- Combination of entity-related techniques,  
from various fields

- IR 
- NLP 
- DB  
- Semantic Web
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NLP

- Question answering, relationship extraction



Databases



Semantic Web



Birds-eye view

Retrieval systemData 
collection(s)

Information 
need

Result(s)



Retrieval systemData 
collection(s)

Information 
need

Result(s)

Many ways to express 
Keyword 
Keyword++ 
Natural language 
Structured query 
languages

Different types of data 
Unstructured 
Semistructured 
Structured

Result format 
Ranked list 
Tuples 
(Sub)graphs 
Natural language



The possibilities are endless

Query ResultsData collection
IR DB NLP SW

keyword

keyword++

natural language

structured 
query language

ranked list

tuples

(sub)graphs

natural language

unstructured

semistructured

structured



Our focus

Query ResultsData collection

keyword

keyword++

natural language

structured 
query language

ranked list

tuples

(sub)graphs

natural language

unstructured

semistructured

structured



Data collection

- Unstructured

- Documents, web pages, snippets, … 

- Semistructured

- XML, RDF, … 

- Structured

- Relational DBs, RDF, …

Often organized  
around entities

Retrieval systemData 
collection(s)

Information 
need

Result(s)



- Wikipedia

- Wikidata

- DBpedia

- Freebase

- YAGO

Popular (semi)structured  
data sources



Linking Open Data (LOD)?



RDFa

- schema.org, sitemaps.org

- used by Google, Bing, Yandex, Yahoo!, IPTC, etc.



Queries

- Keyword queries

- Single-search-box paradigm 
- Typical web search queries 
- “Telegraphic”, i.e., neither well-formed nor 

grammatically correct 

- Keyword++ queries

- Augmented with context 

- form/facet-based input 
- location/date/TOD/…



Example keyword++ queries





Example keyword++ queries



Interplay: (un)structured data

Unstructured Structuredxxxx x xxx xx xxxxxx xx x xxx xx x xxxx 
xx xxx x xxxxxx xx x xxx xx xxxx xx xxx 
xx x xxxxx xxx xx x xxxx x xxx xx xxxxxx 
xx x xxx xx x xxxx xx xxx x xxxxxx xx x 
xxx xx xxxx xx xxx xx x xxxxx xxx xx x 

xxxx x xxx xx xxxxxx xx x xxx xx x xxxx 
xx xxx x xxxxxx xx x xxx xx xxxx xx xxx 
xx x xxxxx xxx xx x xxxx x xxx xx 

xxxx x xxx xx xxxxxx xx x xxx xx x xxxx 
xx xxx x xxxxxx xxxxxx xx x xxx xx x xxxx 
xx xxx x xxxxx xx x xxx xx xxxx xx xxx xx 
x xxxxx xxx 

            xxxx x xxx xx xxxxxx

adding structure to text

adding text to structure



Menu

- Introduction

- Part 1 – Entity Linking

- Part 2 – Entity Retrieval

- Part 3 – Semantic Search

- Wrap up 

See http://ejmeij.github.io/entity-linking-and-retrieval-tutorial/ (or http://bit.ly/ELR-slides) for the slides. 

http://ejmeij.github.io/entity-linking-and-retrieval-tutorial/
http://bit.ly/ELR-slides


Program 

10:00 - 10:30 Welcome, introduction
10:30 - 11:30 Entity linking
11:30 - 12:00 Entity linking practical
12:00 - 13:00 Lunch
13:00 - 14:00 Entity retrieval
14:00 - 14:30 Entity retrieval practical
14:30 - 15:00 Coffee break
15:00 - 15:30 Semantic search
15:30 - 16:00 Wrap up, Q&A



http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/ (or http://bit.ly/ELR-bib)

References

http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/
http://www.mendeley.com/groups/3339761/entity-linking-and-retrieval/papers
http://bit.ly/ELR-bib

