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 |ntroduction

« Semantic Web data
- The RDF data model
- Publishing RDF
- Last Lecture: crawling and indexing RDF data

* Query processing / matching

- Last lecture: selected problems In structured
query (SPARQL) processing

- Here: big picture of querying with structured and
keyword gueries

* Ranking
* Result presentation
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* “We are at the beginning of search.” (Marissa
Mayer)
- Solved large classes of queries, e.g. navigational
- Heavy investment in computational power

- Remalining gqueries are hard, not solvable by brute
force, and require a deep understanding of the world
and human cognition

» Background knowledge and metadata can
help to address poorly solved gueries
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Poorly solved information
needs

| ~ ~
Ambiguous searches Many of these queries would
paris hilton not be asked by users, who
Long tail queries learned over time what

search technology can and

george bush (and | mean the beer bre can not do.

Multimedia search

)

paris hilton sexy

Imprecise or overly precise searches

Jim hendler

pictures of strong adventures people

Precise searches for descriptions
countries in africa
32 year old computer scientist living in barcelona
reliable digital camera under 300 dollars
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* The Semantic Web is now a reality
- Large amounts of data published in RDF
- Heterogeneous data of varying quality

- Users who are not skilled in writing complex queries
(e.g. SPARQL) and may not be experts in the
domain

» Searching data instead or in addition to
searching documents
- Direct answers
- Novel search tasks
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Frank Lloyd Wright was an American architect,
interior designer, writer and educator, who
designed more than 1,000 structures and
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* Information Retrieval (IR) support the retrieval of
documents (document retrieval)
- Representation based on lightweight syntax-centric models
- Work well for topical search
- Not so well for more complex information needs
-  Web scale

« Database (DB) and Knowledge-based Systems (KB)
deliver more precise answers (data retrieval)
- More expressive models
- Allow for complex queries
- Retrieve concrete answers that precisely match queries
- Not just matching and filtering, but also joins
- Limitations In scalability



Combination of document and
- & data retrieval
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* Documents with metadata
- Metadata may be embedded inside the document

- I’'m looking for documents that mention countries in
Africa.

« Data retrieval

- Structured data, but searchable text fields

- I'm looking for directors, who have directed movies
where the synopsis mentions dinosaurs.
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« Target (combination of) document and data
retrieval

 Semantic search is a retrieval paradigm that

- EXxploits the structure/semantics of the data or explicit
background knowledge to understand user intent and the
meaning of content

- Incorporates the intent of the query and the meaning of
content into the search process (semantic models)

* Wide range of semantic search systems

- Employ different semantic models, possibly at different
steps of the search process and in order to support
different tasks



Semantic Search — a process
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Semantic Web

Knowledge Representation

N

Semantic Models

Resources

*Keywords
*Forms

*NL

*Formal language

Query Construction

* IR-style matching & ranking
» DB-style precise matching
» KB-style matching &

 Query visualization

* Document and data
Result presentation

Presentation! * Summarization

Documents

* Implicit feedback
* Explicit feedback
Query | «|ncentives

0 U ¥ 3

L

Query Processing inferences }

Refinement

N S

Document Representation




9 Semantic Search systems
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For data / document retrieval, semantic
search systems might combine a range of
technigues, ranging from statistics-based IR
methods for ranking, database methods for
efficient indexing and query processing, up

to complex reasoning techniques for making
Inferences!



Repetition:
2@l Information Workbench
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« Addressing the lifecycle of

Interacting with the Web of Data
- Integration of data sources
- Content generation by the end user
- Search and Exploration

- Visualization

- Publishing

Semantic Web

. Integrated management of User-generated T Pect

heterogeneous data sources
- Structured and unstructured
- Published and user-generated
- Static and dynamic
- Open domain

-=-DBpedia, Yago

Earthquake (Data.gov)

Dynamic



2l Data Sources In the
& Application
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* Entire English Wikipedia

. Data from Linked Open Data WOKEERL
- DBpedia
- YAGO oNBP
- e
« Data from Data.gov (US Government)
- E.g. live data about earthquakes DATA-GQY
?

* Many more

TWC
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 Hybrid Search: Structured queries combined
with keywords across structured and
unstructured data sources

* Query Interpretation: Translation of keywords
Into hybrid queries

 Keyword search/guery interpretation
combined with faceted search: iterative
refinement process based on keywords and
operations on facets
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Search, Refinement and

Keywords

producer

Range: All Values (43)

type

Range: All Values (43)

writer

= Range: All Walues (42)
= Musical Artist (42)
Brian May (13)

Frank Musker (1}

John Deacon (7)

REsuLT CoLuMnl

Freddie Mercury (14)

Roger Meddows-Taylor (7)

Facets;;

Search Results

Initial Query
LSee Entire Query

?sx1

A Kind of Magic (song)
Another One Bites the Dust
Back Chat

Bicycle Race

Body Language (song)
Calling All Girls

Crazy Little Thing Called Love
Fat Bottomed Girls

Good Old-Fashioned Lover Boy
Hammer to Fall

Heaven for Everyone

I Want to Break Free

It's Late

It's a Hard Life

Keep Yourself Alive

Killer Queen

Las Palabras de Amor

Liar (Queen song)

Long Away

Mustapha

queen single '@

= g

Click on one of the suggestions -
to initiate translation! (can take
a few seconds)

gueen single

4k

Set searchfield to "queen single"

A (queen) is a Single

B writer A (queen)
B is a Single

is a Single Query

producer B (gueen)  Translations

] 1 | |
qUEETT SITYIE. PP

queen singled
queen singler Term
queen singlerpt Completi
gueen singles

gueen singles-1997-2007
gueen singles/2002/03/04/the

ueen (ban
Queen (band)

Queen (band)

DN

Queen (band)
Queen (band)
Queen (band)
Queen (band)
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Login / Register

Result Inspection, Analysis

Search | 4
fluid

Vi 0

Semantsc Wiki | Table

"a'iEW : Uy E

An earthquake (also known as a tremor or temblor) is the result of 3 sudden release of energy inthe YEarth's ¥corust that creates
¥seismic waves. Earthquakes are recorded with a vseismometer, also kmown as a seismograph. The ¥moment magnitude of an earthguake
15 conventionally reported, or the related and mostly obsolete v Richter magnitude, with magnitude 3 or lower earthquakes being mostly
imperceptible and magnitude 7 causing senous damage over large areas. Intensity of shaking is measured on the modified ¥ Mercalli scale.

At the Earth's surface, earthquakes mamefest themselves by shaking and sometimes displacng the ground. When a large earthguake
¥ epicenter is located offshore, the seabed sometimes suffers sufficient displacement to cause a ¥tsunami. The shaking in earthquakes can
also trigger landslides and occasionally wolcanic activity.

In its most genenic sense, the word earthquake is used to descoribe any seismic event — whether a natural Yphenomenon or an event caused
by humans — that generates seismic wawves. Earthquakes are caused mostly by nupture of geological ¥faults, but also by wolcanic activity,
landslides, mine blasts, and nudear expenments. An earthquake’s point of inibial rupture is called its vfocus or Yhypocenter, The term
vepicenter refers ko the point at ground level directly abowve the hypocenter.

Contents

Naturally ccourning earthquakes

Preliménary Determination of Epicenters
358, 204 Everdts, 1963 - 1998
W —l‘ - \"x

Earthquake fault types B

Earthquakes away from plate boundaries
Shallow-focus and deep-focus earthquakes
Earthquakes and volcanic activity
Earthquake clusters
Aftershocks
Earthquake swarms
Earthquake storms
Sire and frequency of occurrence
Induced seismicity
How to measure and locate an earthquake
Effects/impacts of earthquakes
Shaking and ground rupture
Landshdes and avalanches
Fires
Soil liquefaction
Tsunami
Floods
Human impacts
Preparaton

Hestory

Fre-Middle Ages

Query Resull
Input

datetime
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Cutput
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« Data on the Web iIs not directly accessible

- Most web pages are generated from databases, but
formatted for human consumption

- APIs offer limited views over data

« Two solutions

- Extraction using Information Extraction (lIE)
techniques
+ Out of scope for this tutorial

- Relying on publishers to expose structured data
using standard Semantic Web formats
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» Sharing data across the Web

- Standard data model
+ RDF

- A number of syntaxes (file formats)
+ RDF/XML, RDFa

- Powerful, logic-based languages for schemas
+ OWL, RIF

- Query languages and protocols
+ HTTP, SPARQL



=8 Publishing RDF
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- Each document describes a single resource with URIs
pointing to related resources

- Common RDF file formats are RDF/XML and Turtle

- Mostly implemented as a wrapper around a database
or Web service

 Embedding RDF inside HTML
- RDFa, microdata

 SPARQL endpoints

- Triple stores are databases for managing RDF data

- SPARQL Is a standard protocol and query language
for accessing triple stores using HTTP



« 8 Example ontologies: schema.org
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» Agreement on a shared set of schemas for common

types of web content

- Bing, Google, and Yahoo! as initial supporters

- Similar in intent to sitemaps.org (2006)

+ Use a single format to communicate the same information to all three
search engines

» Support for microdata

 schema.org covers areas of interest to all search
engines
- Business listings (local), creative works (video), recipes, reviews
- User defined extensions

* Each search engine continues to develop its products



Example: Facebook's Open
« & Graph Protocol
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 The 'Like’ button provides publishers with a way to
promote their content on Facebook and build
communities
- Shows up in profiles and news feed

- Site owners can later reach users who have liked an
object

- Facebook Graph API allows 3" party developers to

.I-..:l._:.l L an i B, Up, Daissny Fixl

E £ Like
L




Example: Facebook’'s Open
« & Graph Protocol
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 RDF vocabulary to be used in conjunction with RDFa
- Simplify the work of developers by restricting the freedom in RDFa

« Activities, Businesses, Groups, Organizations, People, Places,
Products and Entertainment

 Only HTML <head> accepted

<html| xmlns:og="http://opengraphprotocol.org/schema/!>
<head>
<title>The Rock (1996)</title>
<meta property="og:title" content="The Rock" />
<meta property="o0g:type" content="movie" />
<meta property="og:url"
content="http://www.imdb.com/title/tt0117500/" />
<meta property="o0g:image" content="http://la.media-
imdb.com/images/rock.jpg" /> ...
</head> ...
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+ 31% of webpages, 5% of domains contain some metadata
- Analysis of the Bing Crawl (US crawl, January, 2012)

- RDFa is most common format

+ By URL: 25% RDFa, 7% microdata, 9% microformat

+ ByeTLD (PLD): 4% RDFa, 0.3% microdata, 5.4% microformat
- Adoption Is stronger among large publishers

+ Especially for RDFa and microdata

e See also

- P. Mika, T. Potter. Metadata Statistics for a Large Web
Corpus, LDOW 2012

- H.Muhleisen, C.Bizer.Web Data Commons - Extracting
Structured Data from Two Large Web Corpora, LDOW
2012

Semantic Web



http://events.linkeddata.org/ldow2012/papers/ldow2012-inv-paper-1.pdf
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. EXoonential growth in RDFa data

TECHNOLOGIES

Another five-fold increase between
3.5 -
: October 2010 and January, 2012 | mSep, 2008
3.0 - / OMar, 2009 —
®Qct, 2010
25 -
2.0 - .
Five-fold increase between
1.5 - March, 2009 and October, 2010
, Y,
1.0 -
0.5
0.0 L | | —i | i el
RDFa eRDF tag hcard adr hatom xfn geo hreview

Percentage of URLs with embedded metadata in
various formats




Query Processing / Matching
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 Taxonomy of search approaches

* Query processing / matching techniques for Semantic
Search

* Types of semantic data
* Formalisms for querying semantic data

* Approaches
- General task: hybrid graph pattern matching
- Matching keyword query against text
- Matching structured query against structured data
- Matching keyword query against structured data
- Matching structured query against text (a hybrid case)

* Main tasks, challenges and opportunities




« i Taxonomy of search approaches
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* The search problem
- A collection of resources, called data
- Information needs expressed as queries

- Search Is the task of efficiently computing results from
data that are relevant to queries

 Document data retrieval vs. structured data retrieval
- Differences in query and data representation and matching

- Efficiently retrieve structured data that exactly match formal
iInformation needs expressed as structured queries

- Effectively rank textual results that match ambiguous NL /
keyword queries to a certain degree (notions of relevance)

« Semantic search: ranked retrieval of document and
structured data (given ambiguous queries / data)



Query processing for Semantic
- Search (1)
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 Resources represented by semantic data ranging from
Structured data with well defined schemas
Semi-structured data with incomplete or no schemas
Data that largely comprise text
Hybrid / embedded data
« Information needs of varying complexity, captured using different
formalisms and querying paradigms
- Natural language texts and keywords
- Form-based inputs
- Formal structured gueries

(Search is end-user oriented paradigm, requires “natural’, intuitive querying
Interfaces)

* Semantic search: efficiently computing results (query processing)
from data that are relevant to queries (ranking)

Semantic Web




Query processing for Semantic
- Search (2)

Semantic Web

AIFBO
Kevwords NL Form- / facet- Structured Queries
yW Questions based Inputs (SPARQL)
Ambiquities - R Vi >
~N
Query
e
5
i © 7
2
Data
PN
— e AN T
RDF data_ Semi-Structured Structured OWL ontologies with
embedded in ) .
RDF data RDF data rich, formal semantics
text (RDFa)
Ambiquities: confidence degree, truth/trust value...




Semantic Web

SearCh (3) Textual Data

—_— —

AIFBO

Semantic Search target
different group of users,
Information needs, and types
of data. Query processing for
semantic search is hybrid
combination of techniques!

Unstructured
Query N

A

v

Structured Data

7

Query processing for Semantic

Structured
Query



« W Types of data models (1)
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e Textual

- Bag-of-words

- Represent documents, text in structured data,..., real-
world objects (captured as structured data)

- Lacks “structure”

+ Intext, e.g. linguistic structure, hyperlinks, (positional
iInformation)

+ Structure In structured data representation

term (statistics)

combination
Cloud
Computing
Technologies
solutions
management
“big data’
industry
solutions
support
complex




« W Types of data models (2)
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e Textual

« Structured
-  Resource Description Framework (RDF)

- Represent real-world objects, services, applications, ....
documents

- Resource attribute values and relationships between resources

-  Schema

creator Picture

Person\ 'Q\ f@

Bob




W Types of data models (3)
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e Textual

» Structured
* Hybrid
- RDF data embedded in text (RDFa)

. o<



" Types of data models — RDFa (1)
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<div about="/alice/posts/trouble_with_bob">
<h2 property="dc:title">The trouble with Bob</h2>
<h3 property="dc:creator">Alice</h3>

Bob is a good friend of mine. We went to the same university, and
also shared an apartment in Berlin in 2008. The trouble with Bob is that he takes
much better photos than | do:

<div about="http://example.com/bob/photos/sunset.jpg">
<img src="http://example.com/bob/photos/sunset.jpg" />
<span property="dc:title">Beautiful Sunset</span>
by <span property="dc:creator">Bob</span>.
</div>
</div>

adopted from : http://www.w3.0rg/TR/xhtml-rdfa-primer/


http://www.w3.org/TR/xhtml-rdfa-primer/
http://www.w3.org/TR/xhtml-rdfa-primer/
http://www.w3.org/TR/xhtml-rdfa-primer/
http://www.w3.org/TR/xhtml-rdfa-primer/
http://www.w3.org/TR/xhtml-rdfa-primer/

"8 Types of semantic data — RDFa (2)

TECHNOLOGIES

AIFBO | |
Bob is a good friend of mine. content

We went to the same university, \

and also shared an apartment
In Berlin in 2008. The trouble

<http://example.comfalice/postas/troukle with kbob>

with Bob is that he takes much

better photos than | do:  ~gntent

| A
AN
fffdc:ﬂreatﬂr

de:title H\\H
v

"The Trouble with Bob" "Alice™

<ntip:/fexample.com/bob/photos/sunset. jpg>

,fff;i?s}eatmr

do:title H\‘
e

"Beautiful Sunset™ "Bob"

adopted from : http://www.w3.0rg/TR/xhtml-rdfa-primer/



http://www.w3.org/TR/xhtml-rdfa-primer/
http://www.w3.org/TR/xhtml-rdfa-primer/
http://www.w3.org/TR/xhtml-rdfa-primer/
http://www.w3.org/TR/xhtml-rdfa-primer/
http://www.w3.org/TR/xhtml-rdfa-primer/

"l Types of semantic data -
conclusion

Semantic data in general can be concelived
as a graph with text and structured data

items as nodes, and edges represent
different types of relationships including
explicit semantic relationships and
vaguely specified ones such as hyperlinks!




Formalisms for querying
¥ semantic data (1)

AIFBO

Example information need
“Information about a friend of Alice, who shared
an apartment with her in Berlin and knows
someone working at KI'1.”

» Unstructured queries
* Fully-structured gueries
* Hybrid queries: unstructured + structured



Formalisms for querying
~ @ semantic data (2)

AIFBO

Example information need
“Information about a friend of Alice, who shared
an apartment with her in Berlin and knows
someone working at KI'1.”

 Unstructured
NL

Keywo rds shared apartment | | Berlin || Alice



Semantic Web

TECHNOLOGIES

Formalisms for querying
semantic data (3)

“Information about a friend of Alice, who shared

Example information need

an apartment with her in Berlin and knows
someone working at KIT.”

Unstructured

Fully-structured
- SPARQL: BGP, filter, optional, union, select,
construct, ask, describe
+ PREFIX ns: <http://example.org/ns#>
SELECT ?x

WHERE { ?x ns:knows ? y. ?y ns:name “Alice”.
?X ns:knows ?z. ?z ns: works ?v. ?v ns:name “KIT" }



M Formalisms for querying
semantic data (4)

AIFBO

* Fully-structured
e Unstructured
* Hybrid: content and structure constraints

O\O/O\O/O .........

“shared apartment Berlin Alice”

y 4
?x ns:knows ? y. ?y ns:name “Alice”.
?X ns:knows ?z. ?z ns: works ?v.
?v ns:name “KIT”




M Formalisms for querying
semantic data (5)

AIFBO

* Fully-structured
e Unstructured
* Hybrid: content and structure constraints

/ “shared apartment Berlin Alice”

?x ns:knows ? y. ?y ns:name “Alice”.
?X ns:knows ?z. ?z ns: works ?v.
?v ns:name “KIT”




Formalisms for querying semantic data -
conclusion

Semantic Web

Semantic search queries can be concelived
as graph patterns with nodes referring to
text and structured data items, and edges
referring to relationships between these
items!




Processing hybrid graph
¢ patterns (1)

Example information need

“Information about a friend of Alice, who shared an apartment with
her in Berlin and knows someone working at KIT.”

Semantic Web

. . ’? . ’? ’? . f? f? . 13 ”
apartment shared Berlin Alice 2X ns.kngws 2z. ?Z ns.l works ?v. ?v ns.namg KIT

. ?y ns:name “Alice”. ?x ns:knows ?'y

trouble with bob

Bob.is a good friend
of mine. We went to

A\ the sar‘hg university, _ N\ o
| and also sha{ed an | @ v cv% %\o‘
\ apartment in Berlin ¢ %, 2 . P
\ in 2008. The trouble %, )
N with Bob is that he @, y | " '@ any 009
T takes much better knows N3,/ /3

photos than | do: "o, @ O



W Processing hybrid graph
patterns (2)

AIFBO

 Matching hybrid graph patterns against data




= Matching keyword query against text

TECHNOLOGIES

AIFBO
e Retrieve documents

* Inverted list (inverted index)

keyword - {<docl, pos, score, ...>,
<doc2, pos, score, ...>, ...}

 AND-semantics: top-k join

shared Berlin Alice
Dli D1 i Dl¢

shared — berlin — alice
I I

shared

Berlin

Alice



sl Matching structured query against structured data

TECHNOLOGIES

AIFBO
« Retrieve data for triple patterns

* Index on tables

« Multiple “redundant” indexes to cover different access patterns
« Join (conjunction of triples)

« Blocking, e.g. linear merge join (required sorted input)

* Non-blocking, e.g. symmetric hash-join

« Materialized join indexes

?X ns:knows ?y. ?x ns:knows ?z.
Perl ns:works ?v ?v ns:name “KIT" o _ ks ? y 5 _ KT

1881
18812
p
|

Perl ns:works Inslinsl ns:name KIT



= Matching keyword query against structured data

TECHNOLOGIES

AIFBO
* Retrieve keyword elements
« Using inverted index
keyword - {<el1, score, ...>, <el2, score, ...>,...}
« Exploration / “Join”
« Data indexes for triple lookup
 Materialized index (paths up to graphs)
« Top-k Steiner tree search, top-k subgraph exploration

Alice Bob KIT Alice Bob KIT

O« O «—0

Q\Q:Q/Q:Q\Q

Alice ns:knows Bob Instl ns:name KIT
Bob ns:works Instl




Matching structured query
+ @ against text

AIFB Based on offline IE (offline see Peter’s slides)
« Based on online IE, i.e., “retrieve “ is as follows
« Derive keywords to retrieve relevant documents
* On-the-fly information extraction, i.e., phrase pattern matching “X name Y”
« Retrieve extracted data for structured part
« Retrieve documents for derived text patterns, e.g. sequence, windows, reg. exp.

Semantic Web

?X ns:knows ?y. ?X ns:knows ?z.
?z ns: works ?v. ?v ns:name “KIT”




Matching structured query
+ @ against text

AIFBO
 Index

* Inverted index for document retrieval and pattern matching

« Join index =2 inverted index for storing materialized joins between
keywords

 Neighborhood indexes for phrase patterns

Semantic Web

?x ns:knows ?y. ?x ns:knows ?z.
?z ns: works ?v. ?v ns:name “KIT”

KIT name

\/




= Query processing — main tasks

TECHNOLOGIES

AIFBO

Query

</Ijatchin>

 Retrieval

- Documents , data elements,
triples, paths, graphs

- Inverted index,..., but also other
(B+ tree)

- Index documents, triples,

Data

materialized paths
« Join
- Different join iImplementations,

efficiency depends on availability
of indexes

- Non-blocking join good for early
result reporting and for
“‘unpredictable” Linked Data / data
streams scenario



Ranking



s Structure

* Problem definition
* Types of ambiguities
» Ranking paradigms

* Model construction

- Content-based
- Structure-based



8 Ranking — problem definition

TECHNOLOGIES

AIFBO
ouery “\.|* Ambiguities arise when
representation is incomplete /
Imprecise

 Ambiguities at the level of
» elements (content ambiguity)

* structure between elements
/ (structure ambiguity)

</Ijatchin>

Data

Due to ambiguities in the representation of the information needs
and the underlying resources, the results cannot be guaranteed to
exactly match the query. Ranking is the problem of determining the

degree of matching using some notions of relevance.



Semantic Web

TECHNOLOGIES

Content ambiguity

AIFBO
apartment shared Berlin Alice ?x ns:knows ?z. ?z ns: works ?v. ?v ns:namg KIT
. ?y ns:name “Alice”. ?x ns:knows ?y
tra‘qble with bob Fluid®p Work ‘
Bob is a good friend SUNSELIPY S
: autiful 9«
of mine. We went to 1‘/}7@ set |
the same unjversity, . Germany ?QEC
> - y O
and also shared an /O( <, & 7
\ apartment in Berlin c,<63“ S, N\
\ in 2008. The trouble %, )
with Bob is that he @ , "@ any 009
\\\ J :"
takes much better knows{Tarh A
photos than | do: &

What is meant by “Berlin” in the query?
What is meant by “Berlin” in the data?
A city with the name Berlin? a person?

What is meant by “KIT” in the query?
What is meant by “KIT” in the data?
A research group? a university? a location?




Semantic Web

TECHNOLOGIES

AIFBO

apartment shared Berlin Alice

?y ns:name “Alice”. ?Xx ns:knows ?y

trouble with bob

Bob is a good friend
of mine. We went to
the same unijversity,
and also shayed an
: . T oK
apartment in Berlin &2
In 2008. The trouble
with Bob is that he
takes much better
photos than | do:

B

Structure ambiguity

?x ns:knows ?z. ?z ns: works ?v. ?v ns:name “KIT”

WOrks 0¥
Fluid®p % ‘4
—__Beautiful |
A set

S
2
%

What is the connection between “Berlin” and “Alice”?
Friend? Co-worker?

What is meant by “works”?
Works at? employed?




=8 Ambi gu |ty

TECHNOLOGIES

AIFBO

» Recall: query processing is matching at the level of syntax
and semantics

* Ambiguities arise when data or query allow for multiple
Interpretations, i.e. multiple matches

- Syntactic, e.g. works vs. works at
- Semantic, e.g. works vs. employ

« “Aboutness’, i.e., contain some elements which represent
the correct interpretation

- Ambiguities arise when matching elements of different granularities

- Does i contains the interpretation for j, given some part(s) of |
(syntactically/semantically) match |

- E.g. Berlin vs. “...we went to the same university, and also, we shared an
apartment in Berlin in 2008...”

« Strictly speaking, ranking is performed after syntactic / semantic
matching is done!



sl Features: What to use to deal with ambiguities?

TECHNOLOGIES

AIFBO

What is meant by “Berlin”? What is the connection between “Berlin” and “Alice”?

« Content features

- Frequencies of terms: d more likely to be “about” a
guery term k when d more often, mentions k
(probabilistic IR)

- Co-occurrences: terms K that often co-occur form a
contextual interpretation, I.e., topics (cluster hypothesis)

e Structure features

- Consider relevance at level of fields
- Linked-based popularity




Semantic Web Ran kl n g parad Ig mS

TECHNOLOGIES

AIFBO

» Explicit relevance model

- Foundation: probability ranking principle

- Ranking results by the posterior probability (odds) of
being observed in the relevant class:

-  P(w|R) varies in different approaches, e.g., binary
Independence model, 2-poisson model, relevance

model
P(D|R) _ _
PIOIN) P(D\R)—EP(W\R)QG P(w|N))

K

P(W|R)~P(W|q,....q) = > P(MP(w|m)) P(q, |m)

meM =1



W Ranking paradigms

AIFBO

* No explicit notion of relevance: similarity
between the gquery and the document model
- Vector space model (cosine similarity)
Language models (KL divergence)

SIM(Q, d) = COS((Wygsees Wi g )s (Wi gseees Wi )

P(t|&
sim(g,d) =—KL(8, [|6,) :—Z P(|6,)log( Pg 0 ;




« W Model construction

TECHNOLOGIES

AIFBO
* How to obtain

- Relevance models?
-  Weights for query / document terms?
- Language models for document / queries?



Semantic Web

= construction

AIFBO .
 Document statistics, e.qg.

- Term frequency
- Document length

* Collection statistics, e.d.

- |Inverse document
frequency

- Background language
models

W, 4 = , Idf

|d]
tf

P(t‘@d):ﬂ‘

Content-based model

* An object is more likely about
“Berlin™?

* When it contains a relatively
high number of mentions of
the term “Berlin”

 When the number of
mentions of this term In the
overall collection is relatively
low

‘ FAL-A)P({|C)




Structure-based model
& construction

AIFBO
» Consider structure of objects during content-

based modeling, I.e., to obtain structured
content-based model

- Content-based model for structured objects,
documents and for general tuples

P(t|&,) = Zafp(tlgf)

fEFd

Semantic Web

* An object is more likely about “Berlin™?

* When one of its (important) fields contains a relatively
high number of mentions of the term “Berlin”




Structure-based model
& construction

AIFBO
 PageRank
- Link analysis algorithm
- Measuring relative importance of nodes
- Link counts as a vote of support

- The PageRank of a node recursively depends on
the number and PageRank of all nodes that link to it
(incoming links)

. ObjectRank

Types and semantics of links vary in structured data
setting

- Authority transfer schema graph specifies
connection strengths

- Recursively compute authority transfer data graph

Semantic Web

* An object about “Berlin” is more important than one another?
* When a relatively large number of objects are linked to it




emantic We TaXOnOmy Of ranklng
EEEEEEEEEEEE ar rOaCheS

AIFBO

« Explicitly vs. non-explicitly relevance-based

» Content-based ranking
» Structure-based ranking
» Content- and-structure-based ranking



Result Presentation



« ] Search Interface

TECHNOLOGIES

AIFBO

* |nput and output functionality
- helping the user to formulate complex queries
- presenting the results in an intelligent manner

« Semantic Search brings improvements in
- Query formulation

Snippet generation

Suggesting related entities

Adaptive and interactive presentation

+ Presentation adapts to the kind of query and results presented

+ Object results can be actionable, e.g. buy this product
Aggregated search

+ Grouping similar items, summarizing results in various ways

+ Filtering (facets), possibly across different dimensions

Task completion

+ Help the user to fulfill the task by placing the query in a task context



W Query formulation

TECHNOLOGIES

AIFBO

“Snap-to-grid”: suggest the most likely interpretation of
the query

Freebase Suggest

Freebase Suggest is a jQuery plugin that adds Freebase topic autocomplete to search boxes on your site. Start typing text and the widget suggests
relevant matches from the millions of topics on Freebase.com or any subset of types like People, Locations or Animals. Topic flyouts help the user select
the correct item which is uniquely identified with a Freebase id.

Try it out: Favorite movie director: | Steven Seagall |
Select an item from the list: | ' \Ii Steven Seagal
Features: - . = "'
Steven Seagal Film diactor i Data of birth: Apr 10, 1852
+ Cross browser - based on jQuery, teste view more Placs of birth: Lansing
+ 31KB Minified (+ 19KB for jQuery) Religion: Tibetan Buddhism, Buddhism
, _ Steven Frederic Seagal (pronounced
* Cross-domain. No proxy servers required thanks to JSONP /s¥'gazlf; born April 10, 1952) is an
» Hosted on freebaselibs.com American action film actor, producer,
writer, martial artist, guitarist and a
* Free! (The standard Freebase ToS apply.) reserve deputy sheriff. A Tth-dan black
belt in aikido, Seagal began his adult life
Add to your site as an alkido in...
It's easy to add Freebase Suggeest to your web page. Just include this html in your document head: | [1Im actor, Film producer, Martial Artist




Semantic Web

- s nhanced results/Rich Snippets

AIFBO

- Use mark-up from the webpage to generate search

e +  Oriainallv. invented at Yahoa! (SearchMaonkev) ... ... |
GO ;gle beef hotpot .
About 2,830,000 results (0.32 seconds) Advanced search
. Q Everything *» chunky beef hot pot recipe - The Co-operative recipes
: www.co-operative_.coop » magazine » food and drink - Cached
& Images These hearty dishes are just the thing for a winter's evening. And, even better, they can all be
B Videos whipped up in just one pan or casserole dish.
B2 News Beef hotpot recipe - Recipes - goodtoknow
_ www.goodtoknow.co.uk » Recipes - Cached
@ Shopping { - 64 reviews - 8 hrs 30 mins
: Mor N\ ), 26 Sup 2010 — Atraditional winter warmer, this slow-cooked beef hotpot is packed
e wuth root veg, fresh herbs, mustard and Worcestershire sauce. Looking for ...

Beef Hotpot - Main courses - Community - from Delia Online

Camden Town, UK

3 : www.deliaonline.com/community/yourrecipes/.../Beef-Hotpot html - Cached
Change location

11 Jun 2009 — 1 Butter a large casserole thoroughly. 2 Cut the steak into 1 inch cubes place
in the base of the casserole dish. 3 Add the Worcestershire Sauce ...

The web
Pages from the UK Beef & bean hotpot recipe - Recipes - BBC Good Food

nnnnnnn B I e I N e e e e S [ [ BRI . Y 3e AFSN ({ AT ARSI Lamal” e £ Bl




Other result presentation
TECHNOLOGIES t a S k S

AIFBO

Semantic Web

 Select the most relevant resources within an
RDF document

- Penin et al. Snippet Generation for Semantic Web
Search Engines, ASWC 2010

e For each resource rank the properties to be

= hilo: e stllmco.comyprajecks)onbdogy Jortolocies animak | arimakes,. ol 129 briples - B9 sentences - 2KE
B Topics (2/18)] [~
__,.-""-;'3:' Wkl SEWENOER SNTET exTAACT Wil Fentence fank e - Y
s 4, & PEISON & & kivd of animal, ! .
4 N oy o 7 Animd i achss, AN Q t General information
. 9, A Femae [ & & of arimal, . ue
Display of | 1 0 ANl FakRTofanimd. Sl g "YE  about the ontology ‘
: | 5 1. Hawe ah Ancestor ma'au:ra'&':&rmar"r'::‘ anim -
ranked topics ~ p% 2 o5 ncestor s foiowesi by an et <
| -k | query) ) ~.
.l-'\-\- rancas .l-"" ~ =
WE ig ht Df Each ETETET  SWTET BxtrSCt walh rentenee rank H--H-"*-. DISPIE? uf ran kEd
topics 3 NS aeanind. “sentences” per topic
L ANLIE ' .
< v | in NL style

L 4




Semantic Web

TECHNOLOGIES

WEB

IMAGES VIDEDS MAPS TRAVEL MORE

AIFBC ting

TRAVEL

Flight search

Show all

:Price

Info 5200
:Stops

M Non-stop $200
TI mes Wiew in grid
Leave: Depart | Arrive
© 11:50a 10:46p
Return: Depart | Arrive
. 09:50a 2:50p
EAirIines

. ™ Alaska $200
™ United $200

Flight Quality

‘Duration

Show all

...................................................................................... L e R R B e L LU I IR, PRI T B o R I

FLIGHTS HOTELS DEALS RESOURCES

Flight results  Flexible search

1-4 of 4 results
Flights to San Francisco Ads
www.CheapQair.com/San-... - Save up to 65% + $15 Extra Off. Few Seats left at this
Offer, Book...

Los Angeles, CA (LAX) to San Francisco, CA (SFO)
Fri, 6/29 - Sun, 7/1 - 1 adult - Economy - Change search

FRICE PREDIGTOR FARE HISTORY

AW

Building the prediction | ! 1
for your search [ ;

Click Like to get Los Angeles deals via Facebook: Edlike 1.5k

Still searching...

Price* a Airline Airports Leave — Arrive Stops | Duration

$200 LAX=SFO 12.580p-2:10p 0  1h 20m econ
Alaska

Select SFO=LAX 2:50p—-4:13p 0 1h 23m econ

Flight details

Sook with: $200 Orbitz - $200 Alaska Airlines - $207 CheapTickets.com
Find Rates on Expedia.com

Aggregated search: facets

Compare to sponsored sites
eV o) Search

Hotwire Search

@ Expedia

cheapOal

Search
=earch
Search

priceline.com

PeheapTickets Search

Ads

$49 San Francisco Flights :
San Francisco Fare Sale On Now! Hurry,:
Deals End Scon. :
FareSpotter.net/Flight...

Save On Airline Airfare

Shop For Airfare At Many Airlines.
Compare Many Options In One Search. :
www. KAYAK.com/Flights :

Cheap Flights

Search all Major Airlines for Great
Discounted & Last Minute Flights!
SmarterTravel.com

San Francisco Flights




« . Aggregated search: Sig.ma

TECHNOLOGIES

ISIG,MA e

SEMANTIC INFORMATION 1 Giovanni Tummarello 80 facts | 2010-12-28
MASHUP

‘Sources (20) T |rApprmred (0 :‘| | Rejected (0) @

Version: 1.1.33 http:ffdblp.l3s.de/d2rfresource/authors/Giovanni_Tu...

. . . . 2 RDF Description of Giova... BO facts | 2010-12-28
giovanni tummarello Add More Info m Order X | Options # | Use it # _ ,
http:fidblp.13s.de/d 2ridata/authors/ Giovanni_Tummar...

Giovanni Tummarello 3 Untitled document 44 facts | 2010-12-28

http://data.semanticweb.org/person/ giovanni-tummare. ..

picture:
4 Giovanni Tummarello 44 facts | 2010-12-23
http://data.semanticweb.org/person/giovanni-tummare. ..
5 Giovanni Tummarellp 38 facts | 2010-12-28
] http://semanticweb.org/id/Giovanni_Tummarells
title: Dr. [ | 6 Untitled document 38 facts | 2010-12-23

. . . http:ffontoworld.org/wikifSpecial: ExportRDF/ Giovann...
given name: Giovanmni l s ]

7 Untitled document 38 facts | 2010-12-23
http:ffontoworld.org/wikifSpecial :URIResolver/Giova...

family name: Tummarello [, .

is creator of: A Node Indexing Scheme for Web Entity Retrieval [3,4]

B Untitled document 38 facts | 2010-12-23
Hierarchical Link AF'IE!["_.I'SIS for Rankmg Web Data [3,4] http://semanticweb.org/ wikif Special: ExportRDFY Giova. ..

ESWC 2006 Demo: DBin - enabling SW P2P communities [3,4]

g Untitled document 38 facts | 2010-12-28

Rapid Prototyping of Semantic Mash-Ups through Semantic Web Pipes [1,4] http://semanticweb.org/index.phpTtitle=Special: Expo...
Context Dependent Reasoning for Semantic Documents in Sindice [3,4] 10 Untitled document 42 facts | 2010-02-19
An Entity Mame System for Linking Semantic Web Data [3,4] http://semanticweb.org/id/Giovanni_Tummarello&fetch. ..
Semantic Sitemaps: Efficient and Flexible Access to Datasets on the Semantic Web [3,4,19,20] 11 Untitled document 42 facts | 2010-03-03
Sindice.com: Weaving the Open Linked Data [3,4,5,6,7,8,9,10,11] hitp://semanticweb.org/id/Giovanni_TummarelioBfetch...
RDFSync: efficient remote synchronization of RDF models [2,4,5,6,7,8,9,10,11] 12 Untitled document 2 facts | 2010-07-30

EKDGSTI'IE Large Datasets with Semantic SitEITIEDS- [5,6,7,8,9, ] http:/fwhanw.bibsonomy.orgy swrcfauthor/Giovanni + Tumma. ..

Enabling Semantic Web communities with DBin: an overview [5,5,7,8,9,10,11] 13 Gicvanni Tummarello 17 facts | 2010-11-23

http:/fwhanw.semanlink. net/tag/giovanni_tummarelio
show 100 more values +
: - Gi i - jn 2> reject all T | approve all T
is alternate of: Giovanni Tummarello - semanticweb.org [16,17, 18]

alternate: http://www.semanlink.net/tag/giovanni_tummarello.rss [14] http://example.loc/document.rdf add source url @




Semantic Web

TECHNOLOGIES

Hi, Guest = SignIn Help

Related entities

Bucket: VIPO0d ~ highconf model ... bad results / ads or bugs? tell us! [hide]

Web Images Video Local Shopping MNews More

YAHDO_’® | harrison ford

%." v Search Pad

']

Mark Hamill

Carrie Fisher

Sean Connery

‘H Shia LaBeouf
‘ George Lucas
‘E Ridley Scott

Calista Flockha...

-

Also try: harrison ford movies, harrison ford biography, more...
Harrison Ford - Image Results

News & Photos Videos Twitter
[ ]

more Harrison Ford photos...

Latest Mows:
Colorado small forward commit

Related
The Buffalo News E!.I:-;j =8
Harrison Ford talks/&bol aCtO rS

=1, Petersburg Timez - Sep (
Harrison Ford's’Harrisor

and
arienzora,  TIOVIES

/g}gfather was Irish, his mother Russian-Jewish. He was a lackluster student... Date of

Best Week Ever - Sep 08 0B
more Harrigon Ford new

irth: 13 July 1942 , Chicago, lllincis, USA.
www.imdb.com/name/nm0000148 - Cached

Harrison Ford - Wikipedia, the free encyclopedia
Early life | Early career | Milestone... | Other film...
Harrison Ford is an American film actor and producer. Ford is a

Make Yahoo! your homepage @ Ma

Search Options

Harrison Ford the Films Sale
Save on Harrison Ford the Films.
Shop Smart, Save Big
www.shop.com

Harrison Ford Bluray at
Amazon.co.uk

Owver 10,000 DVDs under £10. Free
UK Delivery on Amazon Orders
Amazon.co.uk/dvd

See your message here...




N Adaptive presentation:

TECHNOLOGIES

housing search

10.5mi
Cata ©2008 NeAFTERIPanl Lel

Dafa Tabie

title price address SiZe link; previous
atico enventa en of hort de la bomba, 6, barcelona 80,000 of hort de la bomba, 6, 08001 barcelona Spal 290 ey [dealista.com ]
Atico en Venta en Calle Aurora de Raval, Barcelona 145000 Calle Aurora Barcelona Spain G0 wiriy folocasa.es 0
Atico en Venta en Calle Padilla de Sagrada Familia - Fort Pienc, Barcelor 399,000 Calle Padilla Barcelona Spain 95 wiriy folocasa.es 0
Atico en Venta en Calle San Isidre 2 de Poble Sec - Font de la Guatlla, Ba 350,000 Calle San Isidre 2 de Poble Sec - Font Barce 78 winid fOlOCasa.es ]
penthouse for sale in st carretes, 50, barcelona 225,000 st carretes, 50,08001 barcelona, Spain g2 widny [ dealista.com 0
Atico en Venta en Calle Peu de la Creu 21 de Raval, Barcelona 230,000 Calle Peu de la Creu 21 Barcelona, Spain 70 wieiy folocasa.es ]
Atico en Venta en Calle Napoles de Sagrada Familia - Fort Pienc, Barcele 324,000 Calle Napoles Barcelona, Spain fi= ey folocasa.es ]
Atico en Venta en Calle Sant Miquel de Barcelonsta - Born - Sta. Caterina 313,000 Calle Sant Miguel Barcelona Spain 67 wiriy folocasa.es 0
atico enventa en of carretes, 8, barcelona 139,000 cf carretes, 8,08001 barcelona,Spain a0 wiry [dealista.com 196,000
Atico en Venta en Calle Merce de Gétic, Barcelona 420000 Calle Merce Barcelona Spain 84 wini folocasa.es ]
atico enventa en of joaquin costa, 2, barcelona 245,000 of joaquin costa, 2,08001 barcelona,Spain g widny [ dealista.com 0
penthouse for sale in st peu de la crew, 21, barcelona 230,000 st peude la creu, 21,05001 barcelona Spain 70 widny [ dealista.com 0

idealista.cornfotocasass




Semantic Web ReSO u rCeS

TECHNOLOGIES

AIFBO

« Books

- Ricardo Baeza-Yates and Berthier Ribeiro-Neto. Modern
Information Retrieval. ACM Press. 2011

e Survey papers

- Thanh Tran, Peter Mika. Survey of Semantic Search
Approaches. Under submission, 2012.

» Conferences and workshops
- ISWC, ESWC, WWW, SIGIR, CIKM, SemTech
- Semantic Search workshop series

- Exploiting Semantic Annotations in Information Retrieval
(ESAIR)

- Entity-oriented Search (EOS) workshop



Semantic Web P I an

TECHNOLOGIES

AIFBO

XML und URIs

Einleitung in RDF

RDF Schema

Logik — Grundlagen

Semantik von RDF(S)

SPARQL — Syntax und Intuition

Semantik von SPARQL

Linked Data

Semantic Search

OWL - Syntax und Intuition |

OWL — Syntax und Intuition Il

OWL — Semantik und Reasoning

Konjunktive Anfragen und Regelsprachen

Applications

/8



Semantic Web Att rl b u tl O n

AIFBO

e Slides erstellt von Thanh Tran, Peter Mika fur
das Tutorial “Semantic Search”
- https://sites.google.com/site/kimducthanh/activity
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