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Ontologies

® Ontology is a formal representation of knowledge
by means of concepts and relationships

® TJechnologies behind ontologies

! Resource Description Framework (RDF)
! Ontology Web Language (OWL)
! Rule Language (e.g., OWL 2 RL)

® Web is dynamic and we study ontology evolution

® We focus on OWL 2, its one profile: OWL 2 QL
which is based on on a Description Logics family: DL-Lite
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DL-Lite Ontology Language

Wife

Husband

Priest

ABox

Mary

/

Bob

Adam

John

Concepts are
classes of objects

Roles are
relations between objects

is
for structure of the knowledge

ABox is
for instances of concepts and roles
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DL-Liter Ontology Language

® assertions: Formulas of the form

! role inclusion: RI P

! concept inclusions: Al BAI" R

| concept disjointness: AL =B, AL —dR

® ABox assertions:
| concepts B(a),! R(b),~B(c)
| roles R(a,b) P (c,d)

® No disjunction!

® Dl -Lite - a bit extended Horn Logic with existential

variables in head
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ABox Evolution of KBs

Old KB:

ABoxi

DL-Lite KB
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ABox Evolution of KBs

Old KB: New Information:

New ABox

ABoxi >

DL-Lite KB Evolution Operator
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ABox Evolution of KBs

Old KB: New Information: Evolved KB:
4 ) 4 )
New ABox
ABoxi ABoxz
g J \_ J

DL-Lite KB Evolution Operator DL-Lite KB
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ABox Evolution of KBs

Old KB: New Information: Evolved KB:
4 ) 4 )
New ABox
ABoxi ABoxz
g J \_ J
DL-Lite KB Evolution Operator DL-Lite KB

Evolved KB should
* be consistent - no logical contradiction Priest(Bob) ! —Priest(Bob) !
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ABox Evolution of KBs

Old KB: New Information: Evolved KB:
4 ) 4 )
New ABox
ABoxi ABoxz
g J g J
DL-Lite KB Evolution Operator DL-Lite KB

Evolved KB should
* be consistent - no logical contradiction Priest(Bob) ! —Priest(Bob) !
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ABox Evolution of KBs

Old KB: New Information: Evolved KB:
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ABoxi >
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DL-Lite KB
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ABox Evolution of KBs

Old KB: New Information: Evolved KB:
4 ) 4 )
New ABox
ABoxi ABoxz
g J \_ J
DL-Lite KB Evolution Operator DL-Lite KB

Evolved KB should

* be consistent - no logical contradiction Priest(Bob) ! —Priest(Bob) !
* have the same TBox

e entail new knowledge

e minimally differ from the old KB - principle of minimal change
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Winslett’s Semantics (WS) of Evolution

Old KB X:

ABox (A)
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Winslett’s Semantics (WS) of Evolution

Old KB K:
4 Y Mod(T"A)

ABox (A)
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Winslett’s Semantics (WS) of Evolution

Old KB K:
4 A MOd(T" A) > e
ABox (A)
Mod(T" N) - e
NABox (N) > = -
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Winslett’s Semantics (WS) of Evolution

Old KB K:
r ) MOd(T" A) > T
ABox (A)
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Winslett’s Semantics (WS) of Evolution

Old KB K:
4 Y Mod(T"A)

ABox (A)

> g Minimally
distant
4 )
Mod(T" N) |
NABox (N) > —M—J N -
- J

6/22

Wednesday, June 15, 2011



Winslett’s Semantics (WS) of Evolution

Old KB K:
4 N\ Mod(T"A) >
ABox (A)
Mod(T" N) ’
NABox (N) > Tl ' N -

6/22

Wednesday, June 15, 2011



Winslett’s Semantics (WS) of Evolution

Old KB K:

4 N\ Mod(T"A) > o

ABox (A)
> g Minimally Minimally

distant distant
4 )
Mod(T" N) |

NABox (N) > —M—J N i, )

- J
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Winslett’s Semantics (WS) of Evolution

Old KB K:
4 Y Mod(T"A)

ABox (A)

\_ J
4 )
Mod(T" N) > Result of evolution:
NABox (N) . . B,
\_ J
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Winslett’s Semantics (WS) of Evolution

Old KB K:
( ) MOd(T" A) o _
ABox (A)
\_ J
Evolved KB K’:
4 )
Mod(T" A’) Result of evolution:
ABox’ (A') > T] . :
\_ J
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Winslett’s Semantics (WS) of Evolution

Old KB X:

Mod(T" A)

Mod(T" A')

Result of evolution:
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Winslett’s Semantics of Evolution

® \What is the distance under Winslett’s semantics?

® |tis based on symmetric difference and set inclusion
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Winslett’s Semantics of Evolution

® \What is the distance under Winslett’s semantics?

® |tis based on symmetric difference and set inclusion

¢ I={A@BEL  I={AG)/CE)

distance(X, J) = {B(a), C(a)}

® distance(I,J)" distance(H, L) IFF
distance(I, J) # distance(H, L)
® Winslett’s semantics

! Extensively studied for proposition theories

! There are studies on ABox evolution under WS

[Liu&al:2006], [De Giacomo&al:2006]
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Space of Evolution Semantics

® |n [Calvanese&al:2010] the space of evolution semantics
was introduced
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Space of Evolution Semantics

® |n [Calvanese&al:2010] the space of evolution semantics
was introduced

Approach
A
global: G +
local: @__ set: @ number: #
| | >
symbols: s What is distance

atoms:

Distance is built upon
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Issues with the Semantics

® |n [Calvanese&al:2010] we showed that all these semantics
are inexpressible in DL-Liter

® Our research questions in this work:
! Why semantics are inexpressible?
! Are there DL-Liter fragments closed under these semantics?
! Can we capture DL-Liter evolution in reacher logics!?

! How to approximate evolution results in DL-Liter?
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Outline

® DL-Liter™: the result of evolution is expressible

® DL-Liter!: the result of evolution can be captured
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DL-Liter™ fragment of DL-Liter

® The following assertions are forbidden: 'R " —B
(i.e., roles cannot be involved in disjointness)

® Superscript ‘+’ designates that only positive inclusions
involving roles are permitted.

® Whether K is in DL-Liter* can be checked syntactically

in time polynomial in the size of K

® DL-Liter" is an extension of RDFS (its FO fragment)
enriched with:

! concept disjointness Al —B

! mandatory participation A C dR

1 1/22

Wednesday, June 15, 2011



Evolution in DL-Liter™ under WS

K:

Wife

Mary

1.

N

HasHusband
>

1.

N

Husband

(Mary, John)

Priest

Bob

John

ABox:

Wife C dHasHusbanc
Husband C dHasHusband ™

Wife(Mary) Husband(John)
HasHusband(Mary, John)

Priest(Bob)
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Evolution in DL-Liter™ under WS

. HasHusband . Wife ; JHasHusbanc
e LN SR S Husband C dHasHusband ™
Mary (Mary, John) John

ABox: Wife(Mary) Husband(John)
—— HasHusband(Mary, John)

Bob Priest(Bob)

NABox: APriest(Bob) Priest(Adam)
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Evolution in DL-Liter™ under WS

K:

HasHusband . Wife ; JHasHusbanc
e LN SR S Husband C dHasHusband ™
Mary (Mary, John) John

ABox: Wife(Mary) Husband(John)
—— HasHusband(Mary, John)

Bob Priest(Bob)

NABox: APriest(Bob) Priest(Adam)

Ican:

Wife HasHusband Husband .
° asriusban o Canonical model ln can be
Mary John homomorhically embedded
Priest in any model of K,
® ®

ndam Bob it is a “typical” model of K.

12/22

Wednesday, June 15, 2011



Evolution in DL-Liter™ under WS

HasHusband
Wife 1n > 1 n | Husband
Mary (Mary, John) John
Priest
Bob
Ican:
Wife HasHusband Husband
® ®
Mary John
Priest
® ®
Adam Bob

ABox:

Wife C dHasHusbanc
Husband C dHasHusband ™

Wife(Mary) Husband(John)
HasHusband(Mary, John)

Priest(Bob)

NABox: APriest(Bob) Priest(Adam)

Observation:

Evolution of | can with NABox is
a canonical model for the evolved KB!
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Evolution in DL-Liter™ under WS

HasHusband
Wife 1n > 1 n | Husband
Mary (Mary, John) John
Priest
Bob
Ican:
Wif H nd
€ HasHusband usba
® ®
Mary John
Priest
® ®

Adam Bob

ABox:

Wife C dHasHusbanc
Husband C dHasHusband ™

Wife(Mary) Husband(John)
HasHusband(Mary, John)

Priest(Bob)

NABox: APriest(Bob) Priest(Adam)

We align Ican with NABox:

-we delete what contradicts NABox
-we add NABox itself
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Evolution in DL-Liter™ under WS

K. ' HasHusband . W|fe ; EIHaSHUSban(
Aeftn B ot Husand Husband C dHasHusband ™
Mary (Mary, John) John
ABox: Wife(Mary) Husband(John)
m—— HasHusband(Mary, John)
Bob Priest(Bob)
NABox: APriest(Bob) Priest(Adam)
| can:
Wife Husband
o sHusband 7 We align | can with NABox:
Mary John -we delete what contradicts NABox
-we add NABox itself
® ®

Adam Bob
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Evolution in DL-Liter™ under WS

K. ' HasHusband . W|fe ; EIHaSHUSban(
Aeftn B ot Husand Husband C dHasHusband ™
Mary (Mary, John) John
ABox: Wife(Mary) Husband(John)
m—— HasHusband(Mary, John)
Bob Priest(Bob)
NABox: APriest(Bob) Priest(Adam)
| can:
Wife Husband
o sHusband 7 We align | can with NABox:
Mary John -we delete what contradicts NABox
Priest -we add NABox itself
® ®

Adam Bob
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Evolution in DL-Liter™ under WS

K. ' HasHusband . W|fe ; EIHaSHUSban(
Aeftn B ot Husand Husband C dHasHusband ™
Mary (Mary, John) John
ABox: Wife(Mary) Husband(John)
m—— HasHusband(Mary, John)
Bob Priest(Bob)
NABox: APriest(Bob) Priest(Adam)
Jean:
Wife Husband
® HasHusband ° The obtained Jean is a canonical model
Mary John of the evolved KB.
Priest
® ®
Adam Bob
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Evolution in DL-Liter™ under WS

HasHusband
Wife 1n > 1 n | Husband
Mary (Mary, John) John
Priest “Priest
Adam Bob
\]can:
Wife HasHusband Husband
® ®
Mary John
Priest
® o
Adam Bob

Wife C dHasHusbanc
Husband C dHasHusband ™

ABox: Wife(Mary) Husband(John)
HasHusband(Mary, John)

Priest(Bob)
NABox: APriest(Bob) Priest(Adam)

The obtained Jean is a canonical model
of the evolved KB.
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Evolution in DL-Liter™ under WS

K’
. HasHusband
Wife 1n > 1 n | Husband
Mary (Mary, John) John
Priest —Priest
Adam Bob

ABox:

Wife C dHasHusbanc
Husband C dHasHusband ™

Wife(Mary) Husband(John)
HasHusband(Mary, John)

APriest(Bob) Priest(Adam)

the evolved KB
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Evolution in DL-Liter™ under WS

Shapes of oval form -
are models described by a DL-Liter KB
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Evolution in DL-Liter™ under WS

NABox

N

Shapes of oval form -
are models described by a DL-Liter KB

Dots -
are canonical models for DL-Liter KBs
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Evolution in DL-Liter™ under WS

NABox

N

Shapes of oval form -
are models described by a DL-Liter KB

Dots -
are canonical models for DL-Liter KBs

K" < : >
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Evolution in DL-Liter”

Approach
A
global: G +
local: [ + set C number: #
l : >
symbols: s What is distance
atoms: d

Distance is built upon
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Evolution in DL-Liter”
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Evolution in DL-Liter”
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.#
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Our contributions:

|.In DL-Liter™ all the atom based
semantics are equal:
they give the same result

That is we can use for them

the technique developed for
Winslett’s semantic (L¢ )
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Evolution in DL-Liter”

expressible
g!‘ — g;&
o
®
a | a | a | a ®
LP LR GG LT
expressible inexpressible

Our contributions:

|.In DL-Liter™ all the atom based
semantics are equal:
they give the same result

That is we can use for them
the technique developed for
Winslett’s semantic (L¢ )

2.In DL-Liter™ local (resp., global) symbol based semantics are equal

3.The atom based and global symbol based semantics are
expressible in DL-Liter™ and local symbol based ones are inexpressible
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Evolution in DL-Liter”

expressible . .
‘ . Our contributions:
g! Eg#
. ° |.In DL-Liter* all the atom based
semantics are equal:
L?!L%!Ga!%é s’s they give the same result
| - LS 1 L3 ey give the same resu
expressible inexpressible

That is we can use for them
the technique developed for
Winslett’s semantic (L¢ )

2.In DL-Liter™ local (resp., global) symbol based semantics are equal

3.The atom based and global symbol based semantics are
expressible in DL-Liter™ and local symbol based ones are inexpressible

4.We provided an algorithm to capture global symbol based semantics
and an algorithm for minimal sound approximation of local symbol based
14/22
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Outline

® DL-Liter™: the result of evolution is expressible

® DL-Liter!: the result of evolution can be captured
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Issues with inexpressibility in DL-Liter

K. ' HasHusband . W|fe ; EIHaSHUSban(
A > 1 | Fsheng Husband C dHasHusband ™
Mary (Mary, John) John o .
JHasHusband™ L —Priest
— 'FF ABox: Wife(Mary) Husband(John)
Adam Bobl” HasHusband(Mary, John)
Priest(Bob) Priest(Adam)
I NABox: Priest(John)
Wife HasHusband Husband
o (]
Mary John
Priest Priest
o ®
Adam Bob
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Issues with inexpressibility in DL-Liter

K:

' HasHusband . Wife ; JHasHusbanc
Ma\rN'fe l - ’J — il J:::band Husband T dHasHusband ™
: ’ ~ @Husband_ C ﬁP@
— 'FF ABox: Wife(Mary) Husband(John)
Adam Bobl” HasHusband(Mary, John)

Priest(Bob) Priest(Adam)

) NABox: @stuo@

Wife HasHusband Husband
@ o
Mary John
Priest Priest
[ [
Adam Bob
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Issues with inexpressibility in DL-Liter

Ife C dHasHusban

Husband |

— dHasHusband

HasHusband
Wife 1n > 1 n | Husband
Mary (Mary, John) John
'l
Y 4
L 4
X
Priest ’
Adam Bob !
Wife HasHusband
° ?
Mary
Priest Priest Priest

® ® ®
Adam Bob John

HHaSHusb_and_ |

ABox:

[ —Priest

Wife(Mary) Husband(John)

HasHusband(Mary, John)
Priest(Bob) Priest(Adam)

NABox: Priest(John)

What to do with Mary? Three options:
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Issues with inexpressibility in DL-Liter

K:

HasHusband . |fe [ EIHaSHUSban

Wif i | Husband - _
N T o : — = JO:: - Husband C dHasHusband
ary ary, John o .
JHasHusband [C —Priest

— 'FF ABox: Wife(Mary) Husband(John)
Adam Bobl” HasHusband(Mary, John)

Priest(Bob) Priest(Adam)

NABox: Priest(John)

What to do with Mary? Three options:

Mary |. She got divorced

Priest Priest Priest
® ® ®

Adam Bob John
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Issues with inexpressibility in DL-Liter

Ife C dHasHusban

Husband |

— dHasHusband

HasHusband
Wife 1n > 1 n | Husband
Mary (Mary, John) John
'l
Y 4
L 4
X
Priest ’
Adam Bob !
Wife HasHusband
® ®
Mary a guy
Priest Priest Priest

® ® ®
Adam Bob John

HHaSHusb_and_ |

ABox:

[ —Priest

Wife(Mary) Husband(John)

HasHusband(Mary, John)
Priest(Bob) Priest(Adam)

NABox: Priest(John)

What to do with Mary? Three options:

|. She got divorced

2. She got married to some one else
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Issues with inexpressibility in DL-Liter

n | Husband

John

4
4
%
4
't
4
4

HasHusband
Wife 1.n > 1.
Mary (Mary, John)
Priest
V4
Adam Bob/f
Wife
o
Mary
HasHusband PrieSt PrieSt
® @
Adam Bob

John

Ife C dHasHusban

Husband |

— dHasHusband

HHaSHusb_and_ [ —Priest

ABox: Wife(Mar
HasHusband(Mary, John)

Priest(Bob) Priest(Adam)

NABox:

y) Husband(John)

Priest(John)

What to do with Mary? Three options:

l. S
2. S
3. S

ne got divorced

ne got married

ne got married

to some one else

to a priest
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Issues with inexpressibility in DL-Liter

Ji: e

Mary

HasHusband

Priest Priest Priest
o o o
Adam Bob John

HasHusband
@
a guy
Priest Priest Priest
@ ® @
Adam Bob John

Priest Priest
® o ®
Adam Bob John
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Mary a guy
Priest Priest Priest
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Adam Bob John
Wife
®
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HasHusband Priest  Priest
® ® o
Adam Bob John

Observation |:there is no canonical
model in the result =
the result cannot be axiomatize

in DL-Liter
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Ji: b Observation |:there is no canonical
model in the result =
rese Priese Priest the result cannot be axiomatize
Adam Bob John in DL-Liter

Observation 2:“local” functionality, i.e.,
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N2 M' ° she can marry no one else
ary a guy
| | | VXVy [HasHusband (X, Adam )N
Priest Priest Priest
o ® o -
o e o HasHusband(x,y) —y = Adam|
Wife
@
Mary
HasHusband Priest Priest
® ® ®
Adam Bob John
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Issues with inexpressibility in DL-Liter

J: e
Mary
Priest Priest
o o
Adam Bob
Wife HasHusband
J: e
Mary

I HasHusband
- ashusban Priest Priest

® o o
somebody else Adam Bob
Wife
®
Mary
! HasHusband Priest
® ®
® Adam Bob

somebody else

Priest

Priest
®

John

Observation |:there is no canonical
model in the result =

the result cannot be axiomatize
in DL-Liter

Observation 2:“local” functionality, i.e.,
if Mary is married to a former priest,
she can marry no one else

VXVY [HasHusband(X, Adam )N
HasHusband(x,y) — Yy = Adam]

Observation 3: If Mary has a husband,
she has to be a wife

Va |HasHusband(Mary, ) —
Wife(Mary)]
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she can marry no one else

VXVY [HasHusband(X, Adam )N
HasHusband(x,y) — Yy = Adam]

Observation 3: If Mary has a husband,
she has to be a wife

Va |HasHusband(Mary, ) —
Wife(Mary)]

17/22

Wednesday, June 15, 2011



Issues with inexpressibility in DL-Liter
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Mary
. HasHusband Priest Priest
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ag.uy Adam Bob
Wite HasHusband
J: e
Mary
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- ashusban Priest Priest
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somebody else Adam Bob
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®
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® ®
® Adam Bob
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®
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Observation |:there is no canonical
model in the result =

the result cannot be axiomatize
in DL-Liter

Observation 2:“local” functionality, i.e.,
if Mary is married to a former priest,
she can marry no one else

VXVY [HasHusband(X, Adam )N
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she has to be a wife

Va |HasHusband(Mary, ) —
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Issues with inexpressibility in DL-Liter

Ji: e
Mary
g HasHusband Priest Priest
° ® o
a guy Adam Bob
Wife
HasHusband
N
Mary
! HasHusband _ . _
Priest Priest
® ® ®
somebody else Adam Bob
Wife
®
Mary
! HasHusband Priest
® ®
® Adam Bob

somebody else

Priest

Priest
®

John

Observation |:there is no canonical
model in the result =
the result cannot be axiomatize

in DL-Liter

Observation 2:“local” functionality, i.e.,
if Mary is married to a former priest,
she can marry no one else

VXVY [HasHusband(X, Adam )N
HasHusband(x,y) — Yy = Adam]

Observation 3: If Mary has a husband,
she has to be a wife

Vo |HasHusband(Mary, x) —
Wife(Mary)]

2 and 3 are not expressible in DL-Liter
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Reason of inexpressibility of VWS

® Principe of minimal change and
simultaneous appearance in TBox of

! Disjointness with the range ofarole | HasHusband " —Priest

! Mandatory participation in the domain Nife ! " HasHusban(
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Prototypes for DL-Liter

Shapes of oval form -
are models described by a DL-Liter KB
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Prototypes for DL-Liter

N ABOX Shapes of oval form -
are models described by a DL-Liter KB

Dots -

\/ are canonical models for DL-Liter KBs
Ks: .

Klz KB'
/N ) K4
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Prototypes for DL-Liter

N ABOX Shapes of oval form -
are models described by a DL-Liter KB

Dots -

\/ are canonical models for DL-Liter KBs
Ks: .

Klz KB'
/\ m K4.:

K1, Kz, K3,and K4 approximate K’: KiSKa$Kzs K4 # K
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Prototypes for DL-Liter

N ABQX Shapes of oval form -
are models described by a DL-Liter KB

Dots -
are canonical models for DL-Liter KBs

K1
K4

We need to cut off the green area:
we found a property that can be expressed by FO formula *

and any model of K’ satisfies "
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Prototypes for DL-Liter

' takes into account all the issues NABOX Shapes of oval form -
with inexpressibility, are models described by a DL-Liter KB
e.g., ‘local” functionality

Dots -
are canonical models for DL-Liter KBs

K1
K4

We need to cut off the green area:
we found a property that can be expressed by FO formula *

and any model of K’ satisfies "
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Prototypes for DL-Liter

" takes into account all the issues NABOX Shapes of oval form -
with inexpressibility, are models described by a DL-Liter KB
e.g., ‘local” functionality

Dots -
are canonical models for DL-Liter KBs

K1
K4

K'=Ki$KaSKz$Ky) ! "
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Prototypes for DL-Liter

" takes into account all the issues NABOX Shapes of oval form -
with inexpressibility, are models described by a DL-Liter KB
e.g., ‘local” functionality 5
ots -
\/ are canonical models for DL-Liter KBs

rototypes ,
P YP | Ko: K

Ku:
SN "
<. t\\\\\i K

\

I <

K'=Ki$KaSKz$Ky) ! "
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Computing evolution in DL-Liter

K:

Wife

1.

N

HasHusband
>

1..

n | Husband

Mary

(Mary, John)

Priest

Adam Bob}f

NABox: Priest(John)
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Computing evolution in DL-Liter

: e NABox: Priest(John)

Wife l1n B 1.n| Husband Capturing evolution:
M Mary, Joh John .

-~ (e, Jonn) , |. Find prototypes

—F/ 2. Axiomatize prototypes in DL-Liter
Priest '/' 3. Find"
Adam Bob d
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Computing evolution in DL-Liter

: e NABox: Priest(John)

Wife l1n B 1.n| Husband Capturing evolution:
M Mary, Joh John .

-~ (e, Jonn) : " I. Find prototypes

—F/ 2. Axiomatize prototypes in DL-Liter
Priest '/' 3. Find"
Adam Bob d
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Computing evolution in DL-Liter

K:

HasHusband
Wife 1n > 1 n | Husband
Mary (Mary, John) John 1
[ 4
4
V4
L 4
A
- ¢
Priest "'
Adam Bob

o
Mary
Priest Priest
o o
Adam Bob
Wife
o a girl @
Mary
Priest
o o
Adam Bob

Priest

Priest

John

Prototypes:

®
Mary

NABox: Priest(John)

Capturing evolution:

|. Find prototypes

2. Axiomatize prototypes in DL-Liter

3. Find "
Wife
agirl @
Priest Priest
® o ®
Adam Bob John
 Wife Wife

agirl @ @ another girl

Priest
® o ®
Adam Bob John
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Computing evolution in DL-Liter

K:

HasHusband
Wife 1n > 1 n | Husband
Mary (Mary, John) John
[ 4
4
’ 1]
L 4
A
- ¢
Priest "'
Adam Bob

o
Mary
Priest Priest
o o
Adam Bob
Wife
o a girl @
Mary
Priest
o o
Adam Bob

Priest

Priest

John

Prototypes:

®
Mary

NABox: Priest(John)

Capturing evolution:

|. Find prototypes
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3. Find "
Wife
agirl @
Priest Priest
® o ®
Adam Bob John
 Wife Wife

agirl @ @ another girl

Priest
® o ®
Adam Bob John
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Computing evolution in DL-Liter

K:

NABox: Priest(John)

2. Axiomatize prototypes in DL-Liter

HasHusband
Wite_ f1.n B 1.n| Husband Capturing evolution:
Mary (Mary, John) John ,
, |. Find prototypes
o "
P
Priest | ¢ 3. Find "
Adam Bob}’ 4
o Bo ABox;:
° ( Priest(Bob)
ary )
"t Priest(John)
Priest Priest  Priest
® o o
Adam Bob John
""""""""""""""""""""" Wite Wife  Wife
® agirl @ o agirl @ @ another girl
Mary Mary
Priest  Priest Priest
® ® o o ® ®
Adam Bob John Adam Bob John
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Computing evolution

in DL-Liter

K:

NABox: Priest(John)

HasHusband
Wite_ f1.n B 1.n| Husband Capturing evolution:
e (Mary, John) {07 |. Find prototypes
—F/ " 2. Axiomatize prototypes in DL-Liter
Priest // 3. Find "
Adam Bob/
7
. Prototype ABoxo:
ary Priest(Bob)
Priest Priest  Priest P?“Z@St(JOhn)
o * * Nife(a girl)
o ’ o HasHusband(a girl, Adam)
""""""""""""""""""""""" Wife '
o a girl @
Mary
Priest Priest Priest
° ° ° ° ° °
Adam Bob John Adam Bob John
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Computing evolution in DL-Liter

: b NABox: Priest(John)
Wite__f1n B 1.n| Husband Capturing evolution:
Mar Mary, Joh John .
’ (Hiary. Jonn) , |. Find prototypes
—F/ " 2. Axiomatize prototypes in DL-Liter
priest | 3. Find "
Adam Bob 2
totypes .
M‘{ABOX3: o a girl .Wlfe
Priest(Adam) e
P’I“?;est(JOhn) Priest Priest
. : ® ® o
Nife(a girl) Adam Bob John
| HasHusband(a girl, Bob - Wife Wife
‘ j ® agirl @ @ another girl
Mar Mary
Priest Priest Priest
° ° ° i ° ° °
Adam Bob John Adam Bob John
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Computing evolution in DL-Liter

- N NABox: Priest(John)
Wite_ f1.n B 1.n| Husband Capturing evolution:
M Mary, Joh John .
- (Hiary. Johm , |. Find prototypes
*_/' " 2. Axiomatize prototypes in DL-Liter
(ABOX4: 3 F|nd
Priest(John)
Nife(a qgirl) S: Wi
. . ITe
Wife(another girl) ° 2 girl @
. Mar
HasHusband(a girl, Adam) '
HasHusband(another girl, Bob) Priest Priest
® ® ®
Adam Bob John
T Wife Wife
o agirl @ @ another girl
Mary
Priest Priest Priest
° ° ® i ° ° °
Adam Bob John Adam Bob John
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Computing evolution in DL-Liter
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Computing evolution in DL-Liter

K:

HasHusband
Wife 1n > 1 n | Husband
Mary (Mary, John) John
7
24
L4
L4
7\— "
Priest S
L4
Adam Bob
. Prototypes:
Mary ®
Mary
Priest Priest  Priest
o ® o
Adam Bob John
Wife
o a girl @ o
Mary Mary
Priest  Priest
o ® o
Adam Bob John

NABox: Priest(John)
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® o ®
Adam Bob John
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Computing evolution in DL-Liter

: e NABox: Priest(John)

Wife l1n B 1.n| Husband Capturing evolution:
M Mary, Joh John .

-~ (e, Jonn) , |. Find prototypes

2. Axiomatize prototypes in DL-Liter
X P YP
Priest | ¢ " 3. Find"
Adam Bob 2
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Computing evolution in DL-Liter

: e NABox: Priest(John)

Wife l1n B 1.n| Husband Capturing evolution:
M M Joh John .

-~ (e, Jonn) , |. Find prototypes

—F/ 2. Axiomatize prototypes in DL-Liter
Priest /" " 3. Find"
Adam Bob d
For Adam:

| x!'y [HasHusbandk, Adam) " HasHusbandk, y) # y = Adam]
VX [HasHusbandk, Adam) — Wife(x)]
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Computing evolution in DL-Liter

: e NABox: Priest(John)

Wife l1n B 1.n| Husband Capturing evolution:
M Mary, Joh John .

-~ (e, Jonn) , |. Find prototypes

—F/ 2. Axiomatize prototypes in DL-Liter
Priest /" " 3. Find"
Adam Bob d
For Adam:

| x!'y [HasHusbandk, Adam) " HasHusbandk, y) # y = Adam]
VX [HasHusbandk, Adam) — Wife(x)]

For Bob:

VaVy |HasHusband(x, Bob) N HasHusband(x, y) — y = Bob)
| x [HasHusband(x, Bob)" Wife(x)]
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Computing evolution in DL-Liter

: e NABox: Priest(John)

Wife l1n B 1.n| Husband Capturing evolution:
M Mary, Joh John .

-~ (e, Jonn) , |. Find prototypes

—F/ 2. Axiomatize prototypes in DL-Liter
Priest /" " 3. Find"
Adam Bob d
For Adam:

| x!'y [HasHusbandk, Adam) " HasHusbandk, y) # y = Adam]
VX [HasHusbandk, Adam) — Wife(x)]

For Bob:

VaVy |HasHusband(x, Bob) N HasHusband(x, y) — y = Bob)
| x [HasHusband(x, Bob)" Wife(x)]

For Mary:
Va [HasHusband(Mary, ) — Wife(Mary) |
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Computing evolution in DL-Liter

: e NABox: Priest(John)

Wife l1n B 1.n| Husband Capturing evolution:
M M Joh John .

-~ (e, Jonn) , |. Find prototypes

—F/ 2. Axiomatize prototypes in DL-Liter
Priest /" " 3. Find"
Adam Bob d
For Adam:

| x!'y [HasHusbandk, Adam) " HasHusbandk, y) # y = Adam]
VX [HasHusbandk, Adam) — Wife(x)]

For Bob:

VaVy |HasHusband(x, Bob) N HasHusband(x, y) — y = Bob)
| x [HasHusband(x, Bob)" Wife(x)]

For Mary:

Va [HasHusband(Mary, ) — Wife(Mary) |

The conjunction of all these formulas forms
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Computing evolution in DL-Liter

K:

Wife

1.

N

HasHusband
>

1..

n | Husband

Mary

TBox ! (ABox|$ ABox, $ ABox3 $ ABoxs) ! "

(Mary, John)

Priest

4
Adam Bob}f

John

4
24
't
4
4

NABox: Priest(John)

Capturing evolution:

|. Find prototypes

2. Axiomatize prototypes in DL-Liter

3. Find"

The result of evolution:

This theory is in FO[2]!
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DL-Liter! fragment of DL-Liter

® Restrictions of DL-Liter!:

| no role interaction
(so we can consider

each role independently)

JRC 4P

3R

-3P

® For this fragment the presented technique works

® Ve are working on extension to

more general fragments of DL-Lite

® DL-Liter! may not be the maximal fragment
for which the presented technique works
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Conclusion

|. Inexpressibility

We did the first study on
what constructs cause
inexpressibility of evolution
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Conclusion

|. Inexpressibility

We did the first study on
what constructs cause
inexpressibility of evolution

3.Where to capture

We found that FO[2] is enough

to capture WS
for a rich DL-Lite subfamily

2. DL-Lite fragments

We found a maximal fragment
of DL-Lite closed
under many evolution semantics

4. How to capture

We provided technique
to capture evolution
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