STI - INNSBRUCK

oiofcieiel

~ Semantic models:
&=  ontologies(ll)

sjep oo} -
T

=l
>

OOoalololl s NP
OC w113 | eL11/12

et

- N - LS
1

© Copyright 2007 STI - INNSBRUCK www.sti-innsbruck.at



Summary of the previous lecture Bl

* Ontologies.

* Introduction to the Semantic Web, RDF, RDFS,
OWL.




Today's lecture B

* More or Web ontology languages RDFS and OWL.
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« Logics are formal languages for representing information such
that conclusions can be drawn.

« Syntax defines the sentences in the language.

« Semantics defines the "meaning” of sentences.

— more precisely, defines the truth of each sentence w.r.t. each
possible world (model)

« E.g., the language of arithmetic
— X+2 2y is a sentence; x2+y > {} is not a sentence

— Xx+2 2y is true iff the number x+2 is no less than the numbery

— Sentence x+2 2y is true in a world where x =7,y =1
— Sentence x+2 2y is false in a world where x =0,y =6




Entailment B

« Entailment means that one thing follows from
another
KB E a

+ Knowledge base KB entails sentence a if and only if
a is true n all worlds where KB is true

— | %\ the KB containing “Innsbruck is in Tirol” and “Tirol is
in Austria” entails “Innsbruck is in Austria”

— E.g., the KB containing x+y = 4 entails 4 = x+y

« Entailment is a relationship between sentences
(i.e., syntax) that is based on semantics
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« Possible worlds — environments in which the agent might or
might not be in

« Models — mathematical abstractions, formally structured worlds
with respect to which truth of sentences can be evaluated

e mis a model of a sentence a if a is true in m
* M(a) is the set of all models of a

« KB Eaiff M(KB) < M(a)




Inference B

- KB | a: sentence a can be derived from KB by
procedure i, | proves a

« Soundness: i is sound if whenever KB | a, it is also
true that KB [

« Completeness: i is complete if whenever KB k a, it
is also true that KB | a




Propositional logic: Syntax Bl

* Propositional logic is the simplest logic and illustrates basic
ideas of logic

« The proposition symbols P,, P,,...are sentences (formulae)

— If Sis a sentence, —S is a sentence ( )

— If S; and S, are sentences, S, A S, is a sentence ( )
— If S; and S, are sentences, S, v S, is a sentence ( )

— If S; and S, are sentences, S, = S, is a sentence ( )

— If S; and S, are sentences, S, & S, is a sentence ( )




Propositional logic: Semantics B

. Eggglb eocrdneol é)lgg;ifies true/false values for each proposition symbol (8

- E.g. P P P
fa}sfe trlzjé fai’sle

* Rules for evaluating truth with respect to an interpretation m:

—S is true iff S is false

S, AS, istrue iff S, is true S, is true
S, v S,istrue iff S,istrue S, istrue

S :>§2 is true iff S,isfalse S, istrue
S, = S,isfalse iff S, is true S, is false

S, < S,istrue  iff S,=S, is true S,=S, is true

. ,SimPIe recursive process evaluates an arbitrary sentence w.r.t. an
interpretation, e.g.,

=Py, (PyyvPsq) 1 true A (true v false) = true A true = true




Truth tables for connectives
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P Q) -P [PANQ|PVQ|P = QP & (@
false| false| true | false | false | true true
false | true | true | false | true | true false
true | false| false| false | true | false false
true | true | false| true | true true true




Validity and satisfiability B

A sentence is valid if it is true in all models,
e.g., True, Av-A, A=A (AA(A=B)=B

Validity is connected to inference via the Deduction Theorem:
KB E a if and only if (KB = a) is valid

A sentence is satisfiable if it is true in some model
e.g., Av B, C

A sentence is unsatisfiable if it is true in no models
e.g., Ar—A

Satisfibility is connected to inference via the following

KB E a if and only if (KB A—a) is unsatisfiable




Logical equivalence B

« Two sentences are logically equivalent iff they are true in
same models: a =R iffa kB and BFa

(aNpB) = (BAa) commutativity of A
(aVfB) = (BVa) commutativity of V
(aAB)AN7y) = (N (B Ay)) associativity of A
(Vv pB)Vy) = (aV (B V7)) associativity of V
—(—a) = « double-negation elimination
(@ = ) = (= = —a) contraposition
(¢ = ) = (~aV ) implication elimination
(¢ & f) = ((« = B)AN(B = «)) biconditional elimination
—(aAB) = (—maV—-8) de Morgan
—(aV @) = (maA—f8) de Morgan
(@A (BVYy) = ((anB)V(aNy)) distributivity of A over V
(aV(BAY) = ((aVB)A(aVy)) distributivity of V over A




Expressiveness limitation of ﬂ
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propositional logic

« KB contains “physics” sentences for every single square
 For every time t and every location [X,y],

t+1

L., ~FacingRigh' A Forward = L, |

» Rapid proliferation of clauses




Pros and cons of propositional ﬂ
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© Propositional logic is declarative

© Propositional logic allows partial/disjunctive/negated
information
— (unlike most data structures and databases)

© Propositional logic is compositional:
- g]eaning of B, ; A Py, is derived from meaning of B, ; and of

1,2

© Meaning in propositional logic is context-independent

— (unlike natural language, where meaning depends on
context)

® Propositional logic has very limited expressive power

— (unlike natural language)

— E.g., cannot say "pits cause breezes in adjacent squares’
» except by writing one sentence for each square

1




First-order logic (FOL) B

* FOL (like propositional logics) is declarative, _
compositional, and the meaning of its sentences is
context-independent

* Propositional logic assumes the world contains
facts, FOL (like natural language) assumes the
world contains (ontological commitment)

. people, houses, numbers, colors, baseball
games, wars, ...

. red, round, prime, brother of, bigger than, part
of, comes between, ...

. father of, best friend, one more than, plus, ...

 FOL can express facts about or the
objects in the universe

« Every sentence in FOL is either true, false or
unknown to an agent ( )




SyntaX of FOL: Basic elements ESTLWNSBRUCK

« Constants

* Predicate symbols
* Function symbols
* Variables

* Connectives

« Quantifiers

KingJohn, 2, NUS,...
Brother, >,...

Sqrt, LeftLegOf,...
X,Y,a,Db,..

—, =, A, V, S

Y, d




FOL sentences B

Atomic sentence = predicate (termg,...,term,)
or term, = term,

Term = function (term,,...,term,)
or constant or variable

Complex sentences are made from atomic sentences using
connectives

_IS, Sl/\ Sz, Sl\/ Sz, S]_:> Sz, Sl<:>82’




Truth In FOL ESTI‘INNSBRUCK

« Sentences are true with respect to a model and an interpretation

* A model contains objects (domain elements) and relations among
them

» Interpretation specifies referents for

constant symbols — objects
predicate symbols — relations
function symbols — functions

« An atomic sentence predicate(term,,...,term.) is true
iff the objects referred to by term,,...,term_
are in the relation referred to by predicate




Models for FOL: Example B

person
erson




Truth in the example B

Consider the interpretation in which
Richard — Richard the Lionheart
John — the evil King John
Brother — the brotherhood relation

Under this interpretation, Brother(Richard, John) is true
just in case Richard the Lionheart and the evil King John
are in the brotherhood relation in the model




Universal quantification k[

e VY<variables> <sentence>

"Everyone at UIBK is smart":
vx At(x,UIBK) = Smart(x)

* VX P is true in a model m iff P is true with x being
each possible object in the model

* Roughly speaking, equivalent to the conjunction of
instantiations of
At(KingJohn, UIBK) = Smart(KingJohn)
A At(Richard, UIBK) = Smart(Richard)
A At(UIBK, UIBK) = Smart(UIBK)

VAN




A common mistake to avoid Bl

« Typically, = is the main connective with V

« Common mistake: using A as the main connective
with V:

vx At(x,UIBK) A Smart(x)

means “Everyone is at UIBK and everyone is
smart”

* Correct: Vx At(x,UIBK) = Smart(x)




Existential quantificatiOn ESTLWNSBRUCK

e J<variables> <sentence>

« "Someone at UIBK is smart":
« 3x At(x,UIBK) A Smart(x)

« dx Pis true in a model m iff P is true with x being some
possible object in the model

* Roughly speaking, equivalent to the disjunction of
instantiations of

At(KingJohn,UIBK) A Smart(KingJohn)
v At(Richard,UIBK) A Smart(Richard)
v At(UIBK,UIBK) A Smart(UIBK)

Vo...




Another common mistake to avoid Bl

« Typically, A Is the main connective with 3

« Common mistake: using = as the main connective
with 3:

Ix At(x,UIBK) = Smart(x)
s true if there is anyone who is not at UIBK!

Usually used in Queries:
"Is there someone in UIBK who is smart?"
Correct: Ix At(x,UIBK) A Smart(x)




Properties of quantifiers B

VX VYyisthe same as Vy VX
e dx 3y is the same as dy 3Ix

« dx Vyis not the same as Vy 3x
« dx Vy Loves(x,y)
— “There is a person who loves everyone in the world”
e Vy 3dx Loves(x,y)
— “Everyone in the world is loved by at least one person”

— Quantifier duality: each can be expressed using the other

« VX Likes(x,IceCream) —3X
—Likes(x,IlceCream)
« dx Likes(x,Broccoli) —VX

—Likes(x,Broccoli)




Equality ESTI‘INNSBRUCK

* term, =term, is true under a given interpretation if
and only if term; and term, refer to the same object

« E.g., definition of Sibling in terms of Parent:

v,y Sibling(x,y) < [—(Xx =y) A dm,f — (m = f) A Parent(m,x)
A Parent(f,x) A Parent(m,y) A Parent(f,y)]




USing FOL ESTI‘INNSBRUCK

The family domain:
* Brothers are siblings
VvXx,y Brother(x,y) = Sibling(x,y)
* One's mother is one's female parent
vm,c Mother(c) = m < (Female(m) A Parent(m,c))
« “Sibling” is symmetric
vx,y Sibling(x,y) < Sibling(y,x)
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Summary
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Predicate logics.

RDFS.

« OWL.

First-order logics.




Assignments 9/10 B

1. Translate the following sentences into FOL.:
— Everything is bitter or sweet.
— Either everything is bitter or everything is sweet.
— There is somebody who is loved by everyone.
— Nobody is loved by no one.
— If someone is noisy, everyone is annoyed.
— Nobody can ignore her.

2. Show (p ->q) <-> (~q->r p) is a tautology.

3. Create an OWL ontology (in Protége) for the following statements:
Each supplier has a unique name.

More than one supplier can be located in the same city.

Each part has a unique part number.

Each part has a color.

A supplier can supply more than one part.

A part can be supplied by more than one supplier.

A supplier can supply a fixed quantity of each part.

1.
2.
3.
4.
5.
6.
7.
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Thank Youl!

Questions?




