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Semantic Data and Ontologies BoE

RDF data and OWL ontologies are widely available in s Qrdnance
: —t SLIFVEY/
= enterprises
= research labs g Offcetor
= governmental institutions hlatonal Statistics
Examples SIEMENS
= Media: BBC
= Geographic: Ordnance Survey S[am‘”
= Governmental: Statistics.Data.gov.uk ) |
= Industry: Siemens, Statoil, Aibel alb?l
= Knowledge Graphs: Google, DBpedia
e
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How to Access Semantic Data?

SPARQL Queries
= Not for End Users
= Like programming language: takes time to learn
= Error prone
= Complex error messages

SELECT ?z
WHERE {?x rdf:type “president”@en;
?x has child ?z;
{{?z is graduated from wiki:Harvard;}
UNION
{?z 1is graduated from wiki:Stanford;}

Virtuoso 37000 Error SP030:
SPARQL compiler, line 4: syntax error
at ’'.’ before '}’
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Many Tools are Available to Access Sem Data

Query formulation tools

= EXxpressiveness

= complex SPARQL queries
<> exploration

= Control

" precise
< - ambiguous

= Usability

= |T specialists
<> end-user

= Adaption

Faceted

Thomas Jefferson

G voans dhon Thomes oeson e
Pacpie Also search for
- ;
14 g

! o Exploration
Google Graphical query " ploratio
< builders e
research prototypes
= Domain of use ==
: i
= Qil&Gas <> Web Natural R e
BN | e
interfaces
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Faceted Search

Query formulation paradigm
for naive users

A facet = query constructor
= Name
= Set of values

Facets in action
= Choose a value
» Restrict search result

Budget (max. g

O setb

& this option to guickly fir

Price (per nigh
€0-€

_| €50 -

€100-€149
€150-€ 199
€ 200 +

~| 2 stars (86)

Star rating
1 star (18)

3 siars (228)
4 stars (141)

» Popular for business travellers

* Budget (max. per night)
10 Set budget

Use this option 10 quickly find places that fit your budget
* Price (per night)

€0-€49

£€50-€99

€100- € 149

0 - € 199
00 +

~ Star rating
1 star (18)
2 stars (86)
3 stars (227)
5 stars (33)

~| Other properties (168)

¥ Deal
Value Deal

5 stars (33)

Other properties (168)

Deal
Value Deal

Free services & facilities

Meals

_5)" The staff cgl

Y;‘:( aa Junior Suite F
' -
,'u"

L8

Melia g
Berlin City

There are 5 peo|
Latest booking: 4

8 2C The staff cq

aa Standard Doul
4 more room typ{

8 Novotg
Berlin Cit
There is 1 persol
Latest booking:
_5) The staff ca

2z . :: Family Rd
- FREE can|

© H2 Hotel Be
Berlin City Cenire, N

Popular now! There are

Latest booking: 4 minutes|

Double Room FREE can:
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Faceted Search: De Facto Web Query Standard

Py
amazon.. fireHD6 ! shsall AR S SR = B
Shop By - = e e, ey - = R

Bopeuant e aeeie [ > [ O RE] e
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Classical Faceted Search: Data Model

Data

= Set of docs
= Annotated with strings

Example

= documents:
= politician

= annotations:
= type:

— President,
Revolutionary

= citizen of

— RUS, US
= has child

— Yes, No

S UNIVERSITY OF
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g
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type

President <€

type

President <€

No
@7 Russia
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Classical Faceted Search: Search Process

Search

= filters

= via annotations
= search result

= documents

= g subset of the
original doc. set

UNIVERSITY OF

OXFORD

Revolutionary

politician

\4 type

# President
() Revolutionary

# Yes
() No

() Russia
& USA

) Jefferson "Bill" Clinton (born William Jefferson
Blythe III; August 19, 1946) is an American politician
who served as the 42nd President of the United States
from 1993 to 2001. Inaugurated at age 46, he was the
third-youngest president. He took office at the end of
the Cold War, and was the first president of the baby
boomer generation...

Theodore "Teddy" Roosevelt was the 26th President of
the United States (1901-1909). He is noted for his
exuberant personality, range of interests and
achievements, and his leadership of the Progressive
Movement, as well as his "cowboy" persona and robust
masculinity...

George Walker Bush (born July 6, 1946) is an
American politician who was the 43rd President of the
United States from 2001 to 2009 and 46th Governor of
Texas from 1995 to 2000. The eldest son of Barbara
and George H. W. Bush, he was born in New Haven,
Connecticut. After graduating from Yale University in ...

Russia

acet®




Faceted Search over RDF: Data Model

Data
= Graph zen |
= Documents (URIs) type / o

= of different kind President <€

= annotated with
— strings
— other URIs

Example
- GBS President <
= Politician o
= Countries
= Children
= Universities
= annotations:
= Type: President, Revolutionary

type
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Faceted Search over RDF: Search Process

<€

Revolutionary

7]

citizen of

C—

I

—

graduated from

\

I

politician

A\ 4 type

@ President
() Revolutionary

# Stanford Uni.
@ Harvard
) Yale

aJ

Kermit Roose|
1943) was a {
Roosevelt. Hg
with his fatheq
soldier servin
English and Al

Chelsea Victor
the only child q
and former U.§

politician
& President

() Revolutionary

& ANY

# Stanford Uni.

(J St. Petersburg Uni ggrxgnéfgsvi;
cinton Gloval | REfocused Nested
*) Russia Faceted Interface
g USA T nhaoSia
{ ) # USA

ol 1 (B

politician

v type (]

& President
() Revolutionary

|
>
Z
I-<

v gradfrom @
# Stanford Uni.
& Harvard

() Yale
() St. Petersburg Uni

William Jefferson "Bill" Clinton (born William Jefferson
Blythe III; August 19, 1946) is an American politician
who served as the 42nd President of the United States
from 1993 to 2001. Inaugurated at age 46, he was the
third-youngest president. He took office at the end of
the Cold War, and was the first president of the baby
boomer generation...

Theodore "Teddy" Roosevelt was the 26th President of
the United States (1901-1909). He is noted for his
exuberant personality, range of interests and
achievementspe=dbiclocdacabio aftha D

M t,
masainiy. .| Nested
Faceted Interface
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Existing Semantic Faceted Search Solutions

Systems ;
\
|
|
= Paralla '
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Were We Happy Existing Solutions?

Existing solutions (we aware of) are RDF data driven
= they (essentially) ignore ontological axioms
= they ignore complex (OWL 2) data statements

Theoretical underpinnings e
= have received very little attention R
= What fragments of SPARQL ¥ Presidont

Revolutionary

can be naturally captured? i o

William Jefferson "Bill" Clinton (born William Jefferson
Blythe Ill; August 19, 1946) is an American politician
who served as the 42nd President of the United States
from 1993 to 2001. Inaugurated at age 46, he was the
third-youngest president. He took office at the end of
the Cold War, and was the first president of the baby

= What is the complexity A — boomer generator..
Of a n Swe rl n g S u Ch q u e rl es’? : i;ar:zrdfj o Theodore "Teddy" Roosevelt was the 26th President of
1 . Yale the United States (1_901—1909).lHe is noted for his
u Wh e n d ata |S e n h a n Ced W|th exuberant personality, range of interests and

St. Petersburg Uni

achievements, and his leadership of the Progressive
Movement, as well as his "cowboy" persona and robust
masculinity...

ontologies in OWL 2 profiles

= How can we formally capture
interactive interface update?

Faceted Q. Query Answers
Interface

25 UNIVERSITY OF
]
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Our Contributions

Formalise faceted interfaces tailored towards RDF and OWL
= Capture key functionalities in implemented systems
= Abstract from GUI-specific considerations

Study of expressive power and complexity of faceted queries
= |dentify a fragment of FO sufficient to capture such queries
= Study complexity of query evaluation wrt ontologies in the OWL 2 profiles

SemFacet®

politician ’

Study interface generation and update
= Lift existing approaches RDF > OWL 2 | ___
= Propose generic algorithms @ rovmaonay

William Jefferson "Bill" Clinton (born William Jefferson
Blythe Ill; August 19, 1946) is an American politician
who served as the 42nd President of the United States
from 1993 to 2001. Inaugurated at age 46, he was the
third-youngest president. He took office at the end of
the Cold War, and was the first president of the baby
boomer generation...

R
>
Z
I<

v gradfrom @

Develop SemFacet system & Stanford Uni
9;

Theodore "Teddy" Roosevelt was the 26th President of
the United States (1901-1909). He is noted for his
exuberant personality, range of interests and
achievements, and his leadership of the Progressive

& Harvard
Yale

= Allows to generate faceted a1 Ptersurg U
search interfaces over RDF and OWL 2 | ac=ris ety e e s chue

= Scales to millions of triples

&) o . SemFacet®




Facet: Formally

Facets:

F1 = (type, V{Pres, Revol})

(haschild, V{any, dk, dce, dpp, dep })
(gradFrom, V{dpy, dsu, dyu, dspu })
(citizenOf, V{d,y, dys})

What is Facet?

= an elementary building block of
faceted interfaces

Fs
= it says what can be selected F3
Fy

Facet consists of three components
= Property

= Logical OR or AND | searn

= Set of values,
= e.g., classes,

v type (]

# President William Jefferson "Bill" Clinton (born William Jefferson

Blythe IIl; August 19, 1946) is an American politician

ObJeCtSv St”ngs Revolutionary who served as the 42nd President of the United States
from 1993 to 2001. Inaugurated at age 46, he was the
m third-youngest president. He took office at the end of
W the Cold War, and was the first president of the baby
v type ANY boomer generation...
v gradfrom @
President & Stanford Uni.
. # Harvard Theodore "Teddy" Roosevelt was the 26th President of
Revolutionary Voo the United States (1901—1909). He is noted for his

exuberant personality, range of interests and
achievements, and his leadership of the Progressive
Movement, as well as his "cowboy" persona and robust
masculinity...

St. Petersburg Uni

Russia
& USA
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Faceted interface: Formally

Faceted Interface Facets:
= Basic Faceted Interface | Fi = (type, V{Pres,Revol}) |
= Facet + Set of selected values

(haschild, \/{any, dk:?“a dCC7 dbb7 dep})
(gradFrom, V{dnuy, dsu, dyu, dspu })
(citizenOf, V{d,y,, dus })

= Bool. combination of nested Bls
= According to a grammar

I ::= path | (path A path) | (path V path),

path = Iy ’ (Il/I) poliician E

Iy
= General Faceted Interface: ol
Fy

Nested Faceted Interface:
y oy
| ; kel William Jefferson "Bill" Clinton (born William Jefferson
I(F17 {Pres}) | - PreS|de.nt e J Blythe Ill; August 19, 1946) is an American politician
Revolutionary 2 who served as the 42nd President of the United States

N
(F2a {any})/(F37 {dsw th})

from 1993 to 2001. Inaugurated at age 46, he was the

m third-youngest president. He took office at the end of

the Cold War, and was the first president of the baby
& ANY

boomer generation...
v gradfrom @

& Stanford Uni.

(F4’ {dus}) & Harvard

Yale
St. Petersburg Uni

Russia

& USA
o —

>

Theodore "Teddy" Roosevelt was the 26th President of
the United States (1901-1909). He is noted for his
exuberant personality, range of interests and
achievements, and his leadership of the Progressive
Movement, as well as his "cowboy" persona and robust
masculinity...

T2 UNIVERSITY OF o Sem FaCEt @




Faceted interface with Refocusing

How we formalized refocusing Facet with focus:
= Essentially: _
special value with Fy = (haschild, V{any, dk;, dec, dob, dep })

special treatment F5 = (haschild, VV{focus, di,, dcc, dpb, dep })

politician
Nested Faceted Interface: v ype ®
& President Kermit Roosevelt MC (October 10, 1889 — June 4,
(Fl , {Pres}) eside 1943) was a son of U.S. President Theodore

Revolutionary Roosevelt. He was an explorer on two continents
with his father, a graduate of Harvard University, a
soldier serving in two world wars, with both the

English and American Armies, a businessman ...

N
(F5, {fOCUS})/(Fg, {dsu, dhu}) & ANY

A v gradfrom @
v i. o .
Stanford Uni Chelsea Victoria Clinton (born February 27, 1980) is
(F {Cl }) # Harvard the only child of former U.S. President Bill Clinton
4, us Yale and former U.S. Secretary of State Hillary Rodham

Clinton. She is a special correspondent for NBC
News, and works with the Clinton Foundation and
Clinton Global Initiative...

St. Petersburg Uni

Russia
& USA

SemFacet®
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Turning Nested Faceted Interfaces into Queries

type e
# President
() Revolutionary

William Jefferson "Bill" Clinton (born William Jefferson
Blythe IlI; August 19, 1946) is an American politician
who served as the 42nd President of the United States
from 1993 to 2001. Inaugurated at age 46, he was the
third-youngest president. He took office at the end of
the Cold War, and was the first president of the baby
boomer generation...

has child

& Stanford Uni.
) Yale
() St. Petersburg Uni

Theodore "Teddy" Roosevelt was the 26th President of
the United States (1901-1909). He is noted for his
exuberant personality, range of interests and
achievements, and his leadership of the Progressive
Movement, as well as his "cowboy" persona and robust
masculinity...

—
™ USA

Pres(2)
A Hy(hasChiId@,
N

z1(gradFrom(9) 21) A 21 = dsy) V
Jz9(gradFrom(y) z2) A 22 = dhu))
A | Fw(citizeOf

OXFORD . SemFacet®




Faceted Queries

Faceted queries are FO formulas of restricted shape

-Positivezexistentiabformulas
= Variables form a directed tree rooted at the free variable
= Every two formulae disjunctively connected share one variable

Dependency Tree
for Variables

Pres(z)
@ @y (hasChild(z, y) l
@@ﬂgradFrom(yizl)@zl:dsu)@ / \

@xz(gradFrom(y, 20) N2z = dhuy))

PO (citizeOf (z, w) Dw = dus)) / \

/ww NIVERSITY OF
#) GXFORD . SemFacet®




Faceted query answering

Over RDF datasets
= Tractable
» Tree shaped queries with restricted disjunction
= Bottom up evaluation
= as opposed to NP-Hard for unrestricted positive existential queries

Over RDF datasets enhance
Compute data Hardness:

= Complexity depends on closure, known

= OWL 2 Profile answer w/o Membership | O
RL: 3vars SISHESS S

. : ontolo
Semantics hgy evaluation for

Semantics P acyclic CQs

Active Domain

P-complete P-complete in P

Classical P-complete P-complete NP-complete

(quarded EL)

Similar
techniques as
in [1 _2] 1] G. Stefanoni, B. Motik, Answering Conjunctive Queries over EL Knowl- edge Bases with Transitive
and Reflexive Roles, of AAAI, 2015.

2] M. Kroetzsch, S. Rudolph, P. Hitzler, ELP: Tractable Rules for OWL 2, in: ISWC, ZgamFaCEt @

% UXFUKD 19



Interface Generation & Update w/ F-graph

politicians

type
(") USpres
(7] Country

has capital

has child
(JANY
["]Chelsea Clinton

is graduated from
() Stanford Uni.

(7] Harvard Uni.

() Georgetown Uni.

B sooon

politicians

e
Spres
| Country

has child
[JANY
[")Chelsea Clinton

is graduated from
("] Stanford Uni.
() Harvard Uni.

() Georgetown Uni.

politicians

type
# USpres
7] Country

s child
NY
is graduated from
(] Stanford Uni.

is graduated from

| Stanford Uni.
Harvard Uni.

() Georgetown Uni.

UNIVERSITY OF

OXFORD

William Jefferson "Bill" Clinton (born William
Jefferson Blythe III; August 19, 1946) is an
American politician who served as the 42nd
President of the United States from 1993 to
2001. Inaugurated at age 46, he was the third-
youngest president. He took office at the end
of the Cold War, and was the first president of
the baby boomer generation...
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Navigation Graph

Legend:

o US{I;res » Explicit data
dgw O ype = Implicit data
: Pegon = Axioms
O\ typ
i child i grad
citiz A d,
O Country citiz(dpc, dus)

citiz(x, y) — Country(y)
President(x) — Jy.citiz(x, y) A Country(y)

Facet graph: our main “data structure” for interface gen. & update:

= Nodes are possible facet values (unary predicates and constants)
= Edges are possible facet names (binary predicates or type)

= Every edge must be justified by

= An entailed fact
= an entailed axiom

— projection of axioms on a graph

/M.\\ UNIVERSITY OF

SemFacet®
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Interface

Generation & Update

politician

<

type [
President
Revolutionary

William Jefferson "Bill" Clinton (born William Jefferson
Blythe IIl; August 19, 1946) is an American politician

who served as the
from 1993 to 2001 "
third-youngest pre politician
the Cold War, and

boomer generatior]

# President

Vladimir llyich bettq Revolutionary

Russian communis|
fre Russion Repu
the Russian Repubj M [ il ®

Russian Soviet Fex

Under his administ{

update

[ = |

William Jefferson "Bill" Cli

Blythe IlI; August 19, 1946
who served as the 42nd P
from 1993 to 2001. Inaugu
third-youngest president. H
the Cold War, and was the|
boomer generation,

Vladimir Vladimirovich Puti
Russian politician who is th|
Russian Federation, holdin
2012. He was Prime Minists
President from 2000 to 200
from 2008 to 2012...

update

politician
# President

Revolutionary

v  haschid @

& ANY
v gradfrom @
# Stanford Uni.
# Harvard
Yale
St. Petersburg Uni

Russia
& USA

=== ]

William Jefferson "Bill" Clinton (born William Jefferson
Blythe I1I; August 19, 1946) is an American politician
who served as the 42nd President of the United States
from 1993 to 2001. Inaugurated at age 46, he was the
third-youngest president. He took office at the end of
the Cold War, and was the first president of the baby
boomer generation...

Theodore "Teddy" Roosevelt was the 26th President of
the United States (1901-1909). He is noted for his
exuberant personality, range of interests and
achievements, and his leadership of the Progressive
Movement, as well as his "cowboy" persona and robust
masculinity...

Our generation and update algorithms are

= “guided” by

= data

= ontology

= justified by entailments
= each facet & value in initial interface
= each interface update is justified by entailments

UNIVERSITY OF

J OXFORD
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Interface Generation & Update

SemFacet® Facet Graph

politician ‘j dgt USPres President dspb RUSOPFGS

keywords & President

Revolutionary

— e
ticks o ANY

& Stanford Uni. -
@ Harvard Q Theodore "Teddy" Roosevelt was the 26th President of
& the United States (1901-1909). He is noted for his
vale (S xuberant personaity, range of nterests and
St. Petersburg Uni y achievements, and his leadership of the Progressive

m Movement, as well as his "cowboy" persona and robust
masculinity...
Russia
# USA

* Explicit data

Facet Interface query Q== Implicit data
Axioms

Complex data

@ Ontology

President n 3 citiz.{d,,} T RUSPres
|dBC child d, l

William Jefferson "Bill" Clinton (born William Jefferson

Blythe IIl; August 19, 1946) is an American politician facet names
who served as the 42nd President of the United States
from 1993 to 2001. Inaugurated at age 46, he was the facet Va| ues
third-youngest president. He took office at the end of <

the Cold War, and was the first president of the baby

boomer generation...

USPresident C President
3 citiz.T C Country
President C 3 citiz.Country

Projection

= justified by entailments
= each facet & value in initial interface
= each interface update is justified by entailments

OXFORD ” SemFacet®




Client

SemFacet®

SemFacet System

————————————————————————————————

William Jeffer: "Bill" Clinton (born William
Jefferson Blythe 1Ii; Augus( 19‘ 1946) is an
American politician who served as the 42nd
Presidel t Hh United States from 1993 to
2001 Inaugurated at age 46, he was the third-
est pre: d nt. He took office at the end
fth C\dW dwa Ih first president of

Integration of
= Keyword search and —t o
= faceted search over RDF & OWL 2 g |

. Query CoFrr; 22?:(; of Snippet
Maln features Converter Interfaces Composer
= Automatic generation of faceted interfaces a—
[ ] In memory Query . [Reaso| [ Facet Snippet

Answering ners Generator Generator
Online and offline reasoning | |.[search \\ \/
Engine

Efficient on millions of triples -
R ¥
Backend: T

RDFOX, PAGOdA, Hermit, Sesame T

SemFacet @ wvanos

Flexible configuration =
= Interchangeabile triple stores S e
= Configurable answers (snippets) | R
= Support of Or and And facets s

SemFacet®
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SemFacet®

Contributions |
v____tpe O] -

& President

William Jefferson "Bill" Clinton (born William Jefferson

. Blythe IIl; August 19, 1946) is an American politician

Revolutionary who served as the 42nd President of the United States
from 1993 to 2001. Inaugurated at age 46, he was the
third-youngest president. He took office at the end of

Foundations
. . . m the Cold War, and was the first president of the baby
& ANY boomer geneyration...
= Formalization of Semantic Faceted Search

] . # Stanford Uni. =
[ ] CO m p I eXIty Of q u e ry a n Swe rl n g o« H::,:rl;j " Theodore "Teddy" Roosevelt was the 26th President of
9' the United States (1901-1909). He is noted for his

Yale . exuberant personality, range of interests and
St. Petersburg Uni achievements, and his leadership of the Progressive

m Movement, as well as his "cowboy" persona and robust
masculinity...

Russia

Projection of ontologies on graphs « s
= Allows to incorporate ontologies into faceted search
= Better faceted interfaces: generate more facets / prune irrelevant facets

Scalable algorithms to
= Generate and update facets from data and ontologies
System implementation

= Evaluate faceted queries over semantic data
= SemFacet System ,.

/! | adn 1 49
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