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¥ TBox assertions:

¥ role inclusion:

¥ concept inclusions:

¥ concept disjointness:

¥ ABox assertions:

¥ concepts

¥ roles

¥ No disjunction!

¥ DL-Lite - a bit extended Horn Logic with existential 
variables in head

DL-LiteR Ontology Language

Formulas of the form

A ! ÂB, A ! Â" R

R(a, b)

A ! B, A ! " R

R ! P

B (a), ! R(b), ÂB (c)

P ! (c, d)
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ABox Evolution of KBs

TBox

ABox1

DL-Lite KB

Old KB:
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DL-Lite KB

TBox
New ABox

ABox2

ABox Evolution of KBs

TBox

ABox1

New ABox

DL-Lite KB Evolution Operator

Old KB: Evolved KB:New Information:

Evolved  KB should

¥  entail new knowledge

¥  minimally differ from the old KB - principle of minimal change

¥  be consistent ! no logical contradiction Priest(Bob) !  ÂPriest(Bob) !

¥  have the same TBox
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Evolution under WinslettÕs Semantics (WS)

TBox (T )

ABox (A)

Old KB K:
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¥ What is the distance under WinslettÕs semantics?

¥ Distance is based on 

¥ symmetric difference 

¥ set inclusion

I  = {A(a), B(a)},         

J = {A(a), C(a)}
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¥ WinslettÕs semantics

¥ Extensively studied for proposition theories

¥ There are studies on ABox evolution under WS
[Liu&al:2006], [De Giacomo&al:2006]

¥ What is the distance under WinslettÕs semantics?

¥ Distance is based on 

¥ symmetric difference 

¥ set inclusion

I  = {A(a), B(a)},         

J = {A(a), C(a)}

dist(I , J) !  dist(H, L) iff 

dist(I , J) # dist(H, L)

5

dist(I , J) = {B(a), C(a)}

Evolution under WinslettÕs Semantics (WS)
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Space of Evolution Semantics

TBox (T )

ABox (A)

Old KB K:

Mod(T ! A)

! ! ! !  

Evolution result

Mod(T ! N)TBox (T )

NABox (N)

TBox (T )

¥ Local vs Global approach: 

¥ Local distance:  from one (old) model  to all (candidate) models

¥ Global distance:  from all (old) models to all (candidate) models

Approach

What 
distance is

Distance is built upon

G

! #

s
a

L

global:

local: set: number:

symbols:

atoms:

[Calvanese&al:2010]
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¥ Distance is a Set vs Number: 

¥ Set:             dist(I , J) = {B(a), C(a)}

¥ Number:    dist(I , J) = 2
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What is Known About MBAs

¥ MBAs were recently extensively studied:

¥ Updates of ABoxes in expressive description logic         [Liu&al:2006]

¥ DL-Lite ABox updates                                      [De Giacomo&al:2006]

¥  ABox and TBox evolution OR ABox and 
TBox update and revision                                    [Calvanese&al:2010] 

¥ KB revision in DL-Lite                                             [Wang&al:2010]

9
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¥ DL-Lite ABox updates                                      [De Giacomo&al:2006]

¥  ABox and TBox evolution OR ABox and 
TBox update and revision                                    [Calvanese&al:2010] 

¥ KB revision in DL-Lite                                             [Wang&al:2010]

9

[Calvanese&al:2010] 

Say what every of the papers found out

Verdict:   MBAs cannot be directly used for DL-Lite evolution

¥ DL-Lite is not closed under every of the 8 MBAs

¥ For every semantics there are K, N:  K$ N is not in DL-Lite 

¥ Capturing evolution requires at least disjunction
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What is Missing in Studies of MBA KB Evol.?
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What is Missing in Studies of MBA KB Evol.?

¥ Of DL-Lite wrt evolution

¥ What DL-Lite fragments are closed under MBAs?

¥ What DL-Lite formulas are in charge of inexpressibility?

10

Understanding

¥ Of evolution wrt to DL-Lite

¥ Can we capture DL-Lite evolution in reacher logics?

¥ What are these logics?

¥ Approximation

¥ How to approximate DL-Lite evolution in DL-Lite?
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Outline

We go through two DL-Lite sub-logics:

¥ DL-LiteR+: closed under evolution

¥ DL-LiteR:  capturing evolution in FO
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¥ DL-Lite with restrictions on assertions involving roles

¥ Roles cannot be involved in disjointness

¥ Forbidden role assertions:

¥ Allowed only positive role assertions:

¥ Any concept inclusion assertions are allowed

DL-LiteR+ fragment of DL-LiteR

! R " ÂB

12

A ! " R
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¥ DL-Lite with restrictions on assertions involving roles

¥ Roles cannot be involved in disjointness

¥ Forbidden role assertions:

¥ Allowed only positive role assertions:

¥ Any concept inclusion assertions are allowed

DL-LiteR+ fragment of DL-LiteR

! R " ÂB

12

A ! " R

¥ Allowed role interaction is designated with superscript:  +

¥ Deciding  

                     K % forbidden assertion

can be (syntactically) checked PTIME in |K|

Wednesday, June 15, 2011



¥ DL-LiteR+ is an extension of RDFS (its FO fragment) 
enriched with:

¥ concept disjointness

¥ mandatory participation

Why is DL-LiteR+ Interesting?

A ! ÂB

A ! " R
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Evolution in DL-LiteR+

Approach

What is distance

Distance is built upon

G

! #

s
a

L

global:

local: set: number:

symbols:

atoms:
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¥  Atom based semantics ~ WinslettÕs semantics 
¥  Global symbol based semantics
¥  Minimal sound approximation of local symbol based

2.  Local and global symbol 
     based semantics coincide

Evolution in DL-LiteR+

L a
! ! L a

# ! Ga
! ! Ga

#

Our contributions:

1.  All atom based coincide:
    they give the same result

L s
! ! L s

#

Gs
! ! Gs

#

expressible

expressible

inexpressible

14

What we see now: 3 algorithms 
for computation and approximation
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WS for DL-LiteR+

K=(T ,A)

Oval: the set of models Mod(K) OvalÕs Center: a canonical model of K

15

I 0

Mod(K)
KB:

Dashed line: evolution
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WS for DL-LiteR+

K=(T ,A)

NABox

Oval: the set of models Mod(K)

KÕ = 

(T , AÕ&N)

OvalÕs Center: a canonical model of K

15

I 0

Mod(K)

K$ N = Mod(KÕ)

NKB:

Dashed line: evolution
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2.  I0$ N  !  J0

WS for DL-LiteR+

K=(T ,A)

NABox

Oval: the set of models Mod(K)

KÕ = 

(T , AÕ&N)

OvalÕs Center: a canonical model of K

15

I 0

J0

Mod(K)

K$ N = Mod(KÕ)

NKB:

Dashed line: evolution

1.  it has a canonical model J0

Two properties of K$ N

Theorem:
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1.  Find I0 - canon. model of K  

Capturing evolution:

WS for DL-LiteR+

K=(T ,A)

NABox

Oval: the set of models Mod(K)

KÕ = 

(T , AÕ&N)

OvalÕs Center: a canonical model of K

15

I 0

J0

Mod(K)

K$ N = Mod(KÕ)

NKB:
2.  Find I0Ôs evolution: 
     I0$ N !  J0
3.  Find AÕ s.t. J0 is a 
    canon. model of (T, AÕ&N)

Dashed line: evolution
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1.  Find I0 - canon. model of K  

Capturing evolution:

WS for DL-LiteR+

K=(T ,A)

NABox

Oval: the set of models Mod(K)

KÕ = 

(T , AÕ&N)

OvalÕs Center: a canonical model of K

15

I 0

J0

Mod(K)

K$ N = Mod(KÕ)

NKB:
2.  Find I0Ôs evolution: 
     I0$ N !  J0
3.  Find AÕ s.t. J0 is a 
    canon. model of (T, AÕ&N)

J0= Align(I 0,N)

Dashed line: evolution

Theorem:

AÕ= Align(K,N)
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Example of WS for DL-LiteR+ 

Wife 

Mary 

Husband 

John 

1..n 1..n 

Priest 

Adam  Bob 

TBox:

ABox:

Wife ! " HasHusband

Wife(Mary) Husband(John)

Priest(Bob)
HasHusband(Mary, John)

HasHusband 

(Mary, John) 

K:

Husband ! " HasHusband
!
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Canonical model Ican can be 
homomorhically embedded 
in any model of K,

it is a ÒtypicalÓ model of K.

Example of WS for DL-LiteR+ 

Wife 

Mary 

Husband 
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1..n 1..n 

Priest 
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!
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Observation: 
Evolution of Ican with NABox is 
a canonical model for the evolved KB!

Example of WS for DL-LiteR+ 

Wife 

Mary 

Husband 

John 

1..n 1..n 

Priest 

Adam  Bob 

TBox:

ABox:

Wife ! " HasHusband

Wife(Mary) Husband(John)

Priest(Adam)

Priest(Bob)

ÂPriest(Bob)NABox:

Wife HusbandHasHusband

HasHusband(Mary, John)

HasHusband 

(Mary, John) 

Priest

Mary

Adam Bob

John

K:

Ican:

Husband ! " HasHusband
!
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We align Ican with NABox:
-we delete what contradicts NABox
-we add NABox itself
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The obtained Jcan is a canonical model 
of the evolved KB.
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The obtained Jcan is a canonical model 
of the evolved KB.

Example of WS for DL-LiteR+ 
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 �

the evolved KB
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¥ 8 MBAs collapse in 3 groups

¥ 6 out of 8 MBAs are expressible in DL-Lite+R 

¥ We provide 

¥ Two algorithms to compute semantics 

¥ One algorithm for minimal sound approximation

Road Map of Algorithms DL-Lite+R

17

L a
! ! L a

# ! Ga
! ! Ga

# L s
! ! L s

#
Gs

! ! Gs
#

expressible expressible
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¥ Symb. MBAs trace only changes in preds. interpretations

¥ Example:

Capturing Global MBA on Symbols 

18

N : ÂC(a)A : C(a), C(b), C(c), B (e)
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¥ Symb. MBAs trace only changes in preds. interpretations

¥ Example:

Capturing Global MBA on Symbols 

18

¥ We have to drop C(a) from A

¥ What to do with C(b), C(c) and B(e)?

N : ÂC(a)A : C(a), C(b), C(c), B (e)
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¥ Symb. MBAs trace only changes in preds. interpretations

¥ Example:

Capturing Global MBA on Symbols 

18

¥ We have to drop C(a) from A

¥ What to do with C(b), C(c) and B(e)?

N : ÂC(a)

delete all 
about C

A : C(a), C(b), C(c), B (e)

A! : ¬C(a), B (e)
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¥ Symb. MBAs trace only changes in preds. interpretations

¥ Example:

Capturing Global MBA on Symbols 

18

¥ We have to drop C(a) from A

¥ What to do with C(b), C(c) and B(e)?

N : ÂC(a)

¥ If there is an unavoidable change in a concept 
than delete all the old information about this concept

delete all 
about C

A : C(a), C(b), C(c), B (e)

A! : ¬C(a), B (e)
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¥ Symb. MBAs trace only changes in symb. interpretations

¥ Example:

Approximating Local MBA on Symbols 

19

N : C(d)A : C(a), C(b), C(c), B (e)
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¥ Symb. MBAs trace only changes in symb. interpretations

¥ Example:

Approximating Local MBA on Symbols 

19

¥ What to do with C(a),  C(b), C(c) and B(e)?

N : C(d)A : C(a), C(b), C(c), B (e)
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¥ Symb. MBAs trace only changes in symb. interpretations

¥ Example:

Approximating Local MBA on Symbols 

19

¥ What to do with C(a),  C(b), C(c) and B(e)?

N : C(d)A : C(a), C(b), C(c), B (e)

A ! : C(d), B (e)

delete all 
about C
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¥ Symb. MBAs trace only changes in symb. interpretations

¥ Example:

Approximating Local MBA on Symbols 

19

¥ What to do with C(a),  C(b), C(c) and B(e)?

N : C(d)

¥ If the new data makes any change in a concept
then delete all the old data about this concept

¥ Too many models left to capture. 
Capturing requires disjunction.

¥ The algorithm is a minimal sound (over) approximation
of the semantics

A : C(a), C(b), C(c), B (e)

A ! : C(d), B (e)

delete all 
about C
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¥ 8 MBAs collapse in 3 groups

¥ 6 out of 8 MBAs are expressible in DL-Lite+R 

¥ We provide PTIME algorithms for these groups

¥ DL-Lite+R is a maximal sublogics of DL-LiteR 
closed under WS (left most four semantics)

¥ Semantics based on symbols delete old data too easily
!  does not look good for ABox evolution

¥ WinslettÕs semantics behaves ÒwellÓ 

Summing Up on DL-Lite+R

20

L a
! ! L a

# ! Ga
! ! Ga

# L s
! ! L s

#
Gs

! ! Gs
#

expressible expressible
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Outline

We go through two DL-Lite sub-logics:

¥ DL-LiteR+: closed under evolution

¥ DL-LiteR:  capturing evolution in FO
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Issues with inexpressibility in DL-LiteR

Wife 

Mary 

1..n 1..n 

Priest 

Adam  Bob 

TBox:

ABox:

Wife ! " HasHusband

Wife(Mary) Husband(John)

Priest(Adam)Priest(Bob)

NABox:

HasHusband(Mary, John)

HasHusband 

(Mary, John) 

K:

Priest(John)

Husband 

John 

Wife HusbandHasHusband

Priest

Mary

Adam Bob

John

I:

Priest

Husband ! " HasHusband
!

! HasHusband! " ÂPriest

22

A model I of  K:
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Evolution of I:

Issues with inexpressibility in DL-LiteR

Wife 

Mary 

1..n 1..n 

Priest 

Adam  Bob 

TBox:

ABox:

Wife ! " HasHusband

Wife(Mary) Husband(John)

Priest(Adam)Priest(Bob)

NABox:

HasHusband(Mary, John)

HasHusband 

(Mary, John) 

K:

Priest(John)

Husband 

John 

Wife HasHusband

Priest

Mary

Adam Bob John

I:

Priest Priest

Husband ! " HasHusband
!

What happened with Mary?
 Three options:

?

! HasHusband! " ÂPriest

22
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Evolution of I:

Issues with inexpressibility in DL-LiteR

Wife 
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1..n 1..n 

Priest 
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TBox:

ABox:

Wife ! " HasHusband

Wife(Mary) Husband(John)

Priest(Adam)Priest(Bob)

NABox:

HasHusband(Mary, John)

HasHusband 

(Mary, John) 

K:

Priest(John)

Husband 

John 

Priest

Mary

Adam Bob John

I:

Priest Priest

Husband ! " HasHusband
!

What happened with Mary?
 Three options:
1.  She got divorced

! HasHusband! " ÂPriest

22
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Evolution of I:

Issues with inexpressibility in DL-LiteR

Wife 

Mary 

1..n 1..n 

Priest 

Adam  Bob 

TBox:

ABox:

Wife ! " HasHusband

Wife(Mary) Husband(John)

Priest(Adam)Priest(Bob)

NABox:

HasHusband(Mary, John)

HasHusband 

(Mary, John) 

K:

Priest(John)

Husband 

John 

Wife

Priest

Mary

Adam Bob John

I:

Priest Priest

Husband ! " HasHusband
!

What happened with Mary?
 Three options:
1.  She got divorced
2.  She got married to some one else

a guy

HasHusband

! HasHusband! " ÂPriest

22
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Evolution of I:

Issues with inexpressibility in DL-LiteR

Wife 

Mary 

1..n 1..n 

Priest 

Adam  Bob 

TBox:

ABox:

Wife ! " HasHusband

Wife(Mary) Husband(John)

Priest(Adam)Priest(Bob)

NABox:

HasHusband(Mary, John)

HasHusband 

(Mary, John) 

K:

Priest(John)

Husband 

John 

Wife

Priest

Mary

Adam Bob John

I:

Priest

Husband ! " HasHusband
!

What happened with Mary?
 Three options:
1.  She got divorced
2.  She got married to some one else
3.  She got married to a (former) priest

HasHusband

! HasHusband! " ÂPriest

22
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Issues with inexpressibility in DL-LiteR

Priest

Mary

Adam Bob John

Priest Priest

J1:

Wife HasHusband

Priest

Mary

Adam Bob John

Priest Priest

a guy
J2:

Wife

Priest

Mary

Adam Bob John

PriestHasHusband

J3:

23

K$ N is not expressible in DL-LiteR:
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Issues with inexpressibility in DL-LiteR

Priest

Mary

Adam Bob John

Priest Priest

J1:

Wife HasHusband

Priest

Mary

Adam Bob John

Priest Priest

a guy
J2:

Wife

Priest

Mary

Adam Bob John

PriestHasHusband

J3:

Observation 1: any canon. model of J1, 

J2 and J3 is not a model of K$ N !  
K$ N has no canonical model 

23

K$ N is not expressible in DL-LiteR:
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Observation 1: any canon. model of J1, 

J2 and J3 is not a model of K$ N !  
K$ N has no canonical model 

Observation 2: 
it requires ÒlocalÓ role functionality:
if Mary is married to a former priest,
she can marry no one else
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HasHusband(x,y)! y = Adam]
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Observation 3: 
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Wife(Mary)]

a guy

HasHusband

23
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Issues with inexpressibility in DL-LiteR

Priest

Mary

Adam Bob John

Priest Priest

J1:

Wife HasHusband

Priest

Mary

Adam Bob John

Priest Priest

a guy
J2:

Wife

Priest

Mary

Adam Bob John

PriestHasHusband

J3:

Observation 1: any canon. model of J1, 

J2 and J3 is not a model of K$ N !  
K$ N has no canonical model 

Observation 2: 
it requires ÒlocalÓ role functionality:
if Mary is married to a former priest,
she can marry no one else
! x! y [HasHusband(x, Adam)"

HasHusband(x,y)! y = Adam]

somebody else

"

"
somebody else

HasHusband

Observation 3: 
it requires that:
If Mary has a husband, she is a wife

! x [HasHusband(Mary, x) "
Wife(Mary)]

a guy

HasHusband"

23

K$ N is not expressible in DL-LiteR:
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Reason of inexpressibility of WS

¥ These three problems came because of:

¥ Principe of minimal change coming together with 

¥ Roles R simultaneously involved in two TBox interactions:

¥ mandatory particip. in RÕs domain

¥ disjointness with RÕs range ! HasHusband! " ÂPriest

Wife ! " HasHusband

24

¥ Principle of minimal change should be respected

¥ We can forbid one of the two interactions

¥ in DL-Lite+ we forbid the second one
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Prototypes for DL-LiteR

K:

Oval: models describable in DL-LiteR

canonical model

Dot: canonical model of a DL-LiteR KB

25
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NABox Oval: models describable in DL-LiteR

KÕ:

Dot: canonical model of a DL-LiteR KB
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KÕ:
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Prototypes for DL-LiteR

NABox Oval: models describable in DL-LiteR

KÕ:

K1:
K2: K3:

K4 :

Dot: canonical model of a DL-LiteR KB
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Prototypes for DL-LiteR

NABox Oval: models describable in DL-LiteR

KÕ:

K1:
K2: K3:

K4 :

K1, K2, K3, and K4  approximate KÕ:         K1 "  K2 "  K3 "  K4  '  KÕ

Dot: canonical model of a DL-LiteR KB

25
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Prototypes for DL-LiteR

NABox Oval: models describable in DL-LiteR

KÕ:

K1:
K2: K3:

K4 :

Dot: canonical model of a DL-LiteR KB

We need to cut off the green area by a formula # :
#  should incapsulates all the issues we saw before (local functionality, ...)  
and any model of KÕ should satisfy #

25
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Prototypes for DL-LiteR

NABox Oval: models describable in DL-LiteR

KÕ:

K1:
K2: K3:

K4 :

Dot: canonical model of a DL-LiteR KB

Theorem: KÕ = (K1 (  K2 (  K3 (  K4 ) !  #
       we found such formula #  in FO[2]

25
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Prototypes for DL-LiteR

NABox Oval: models describable in DL-LiteR

KÕ:

K1:
K2: K3:

K4 :

Dot: canonical model of a DL-LiteR KB

Theorem: KÕ = (K1 (  K2 (  K3 (  K4 ) !  #
       we found such formula #  in FO[2]

prototypes

25
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¥ DL-Lite+R is a maximal sublogics of DL-Lite 
closed under WS:

¥ For every pair: 
of positive and negative role assertion

¥ there is an ABox A and new inf. N s.t. 
    (                        , A)  $  N is not in DL-Lite 

Maximality of DL-Lite+R

26

{ A ! " R, " R! ! ÂB }

{ A ! " R, " R! ! ÂB }

Theorem:

Wednesday, June 15, 2011



Computing evolution in DL-LiteR

Wife 

Mary 

1..n 1..n 

Priest 

Adam  Bob 

HasHusband 

(Mary, John) 

K:
Husband 

John 

NABox: Priest(John)

27
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John 
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Capturing evolution:

1.  Find prototypes
2.  Axiomatize prototypes in DL-LiteR
3.  Find #
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Computing evolution in DL-LiteR
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Husband 

John 

NABox: Priest(John)
Capturing evolution:

1.  Find prototypes
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3.  Find #
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Computing evolution in DL-LiteR

Wife 

Mary 

1..n 1..n 

Priest 

Adam  Bob 

HasHusband 

(Mary, John) 

K:
Husband 

John 

Priest

Mary

Adam Bob John

Priest Priest

another girl

NABox: Priest(John)

Prototypes:

Capturing evolution:

1.  Find prototypes
2.  Axiomatize prototypes in DL-LiteR
3.  Find #

!

Priest

Mary

Adam Bob John

Priest

a girl
Wife

Priest

Mary

Adam Bob John

Priest

a girl
Wife

Mary

Adam Bob John

Priest

a girl
Wife Wife
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Computing evolution in DL-LiteR

Wife 

Mary 

1..n 1..n 

Priest 

Adam  Bob 

HasHusband 

(Mary, John) 

K:
Husband 
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Priest
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Priest Priest

another girl
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Priest

Mary
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Computing evolution in DL-LiteR

Wife 

Mary 

1..n 1..n 

Priest 

Adam  Bob 

HasHusband 

(Mary, John) 

K:
Husband 

John 

Priest

Mary

Adam Bob John

Priest Priest

another girl

NABox: Priest(John)

Prototypes:

Capturing evolution:

1.  Find prototypes
2.  Axiomatize prototypes in DL-LiteR
3.  Find #

!

Priest

Mary

Adam Bob John

Priest

a girl
Wife

Priest

Mary

Adam Bob John

Priest

a girl
Wife

Mary

Adam Bob John

Priest

a girl
Wife Wife

Priest(Adam)
Priest(Bob)
Priest(John)

ABox1:
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Computing evolution in DL-LiteR

Wife 

Mary 

1..n 1..n 

Priest 

Adam  Bob 

HasHusband 

(Mary, John) 

K:
Husband 

John 

Priest

Mary

Adam Bob John

Priest Priest

another girl

NABox: Priest(John)

Prototypes:

Capturing evolution:

1.  Find prototypes
2.  Axiomatize prototypes in DL-LiteR
3.  Find #

!

Priest

Mary

Adam Bob John

Priest

a girl
Wife

Priest

Mary

Adam Bob John

Priest

a girl
Wife

Mary

Adam Bob John

Priest

a girl
Wife Wife

Wife(a girl)
HasHusband(a girl, Adam)

Priest(John)
Priest(Bob)
ABox2:
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Computing evolution in DL-LiteR

Wife 

Mary 

1..n 1..n 

Priest 

Adam  Bob 

HasHusband 

(Mary, John) 

K:
Husband 

John 

Priest

Mary

Adam Bob John

Priest Priest

another girl

NABox: Priest(John)

Prototypes:

Capturing evolution:

1.  Find prototypes
2.  Axiomatize prototypes in DL-LiteR
3.  Find #

!

Priest

Mary

Adam Bob John

Priest

a girl
Wife

Priest

Mary

Adam Bob John

Priest

a girl
Wife

Mary

Adam Bob John

Priest

a girl
Wife Wife

Priest(Adam)
Priest(John)
Wife(a girl)
HasHusband(a girl, Bob)

ABox3:
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Computing evolution in DL-LiteR

Wife 

Mary 

1..n 1..n 

Priest 

Adam  Bob 

HasHusband 

(Mary, John) 

K:
Husband 

John 

Priest

Mary

Adam Bob John

Priest Priest

another girl

NABox: Priest(John)

Prototypes:

Capturing evolution:

1.  Find prototypes
2.  Axiomatize prototypes in DL-LiteR
3.  Find #

!

Priest

Mary

Adam Bob John

Priest

a girl
Wife

Priest

Mary

Adam Bob John

Priest

a girl
Wife

Mary

Adam Bob John

Priest

a girl
Wife Wife

Priest(John)
Wife(a girl)

HasHusband(another girl, Bob)

Wife(another girl)
HasHusband(a girl, Adam)

ABox4:
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Computing evolution in DL-LiteR
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Computing evolution in DL-LiteR

Wife 

Mary 

1..n 1..n 

Priest 

Adam  Bob 

HasHusband 

(Mary, John) 

K:
Husband 

John 

NABox: Priest(John)
Capturing evolution:

1.  Find prototypes
2.  Axiomatize prototypes in DL-LiteR
3.  Find #!
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Computing evolution in DL-LiteR

Wife 

Mary 

1..n 1..n 

Priest 

Adam  Bob 

HasHusband 

(Mary, John) 

K:
Husband 

John 

NABox: Priest(John)
Capturing evolution:

1.  Find prototypes
2.  Axiomatize prototypes in DL-LiteR
3.  Find #!

! x! y [HasHusband(x, Adam) " HasHusband(x, y) # y = Adam]
! x [HasHusband(x, Adam) " Wife(x)]

For Adam:
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Computing evolution in DL-LiteR

Wife 

Mary 

1..n 1..n 

Priest 

Adam  Bob 

HasHusband 

(Mary, John) 

K:
Husband 

John 

NABox: Priest(John)
Capturing evolution:

1.  Find prototypes
2.  Axiomatize prototypes in DL-LiteR
3.  Find #!

! x! y [HasHusband(x, Adam) " HasHusband(x, y) # y = Adam]
! x [HasHusband(x, Adam) " Wife(x)]

For Adam:

For Bob:

! x [HasHusband(x, Bob) " Wife(x)]
! x! y [HasHusband(x, Bob) " HasHusband(x, y) # y = Bob]
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Computing evolution in DL-LiteR

Wife 

Mary 

1..n 1..n 

Priest 

Adam  Bob 

HasHusband 

(Mary, John) 

K:
Husband 

John 

NABox: Priest(John)
Capturing evolution:

1.  Find prototypes
2.  Axiomatize prototypes in DL-LiteR
3.  Find #!

! x! y [HasHusband(x, Adam) " HasHusband(x, y) # y = Adam]

! x [HasHusband(Mary, x) " Wife(Mary) ]

! x [HasHusband(x, Adam) " Wife(x)]

For Adam:

For Bob:

! x [HasHusband(x, Bob) " Wife(x)]
! x! y [HasHusband(x, Bob) " HasHusband(x, y) # y = Bob]

For Mary:

27
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Computing evolution in DL-LiteR

Wife 

Mary 

1..n 1..n 

Priest 

Adam  Bob 

HasHusband 

(Mary, John) 

K:
Husband 

John 

NABox: Priest(John)
Capturing evolution:

1.  Find prototypes
2.  Axiomatize prototypes in DL-LiteR
3.  Find #!

! x! y [HasHusband(x, Adam) " HasHusband(x, y) # y = Adam]

! x [HasHusband(Mary, x) " Wife(Mary) ]

! x [HasHusband(x, Adam) " Wife(x)]

For Adam:

For Bob:

! x [HasHusband(x, Bob) " Wife(x)]
! x! y [HasHusband(x, Bob) " HasHusband(x, y) # y = Bob]

For Mary:

The conjunction of all these formulas forms #
27
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Computing evolution in DL-LiteR

Wife 

Mary 

1..n 1..n 

Priest 

Adam  Bob 

HasHusband 

(Mary, John) 

K:
Husband 

John 

NABox: Priest(John)
Capturing evolution:

1.  Find prototypes
2.  Axiomatize prototypes in DL-LiteR
3.  Find #!

The result of evolution:
TBox !  (ABox1 (  ABox2 (  ABox3 (  ABox4 ) !  #  

Theorem: This theory is in FO[2]! Which is decidable. 
(moreover, seems in OWL 2)
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Conclusion

1. Inexpressibility

We did the Þrst study on 
what constructs cause 

inexpressibility of evolution
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Conclusion

1. Inexpressibility

We did the Þrst study on 
what constructs cause 

inexpressibility of evolution

2. DL-Lite fragments

 We found a maximal fragment 
of DL-Lite closed 

under many evolution semantics

3. Where to capture

We found that FO[2] is enough 
to capture WS 

for a rich DL-Lite subfamily

4. How to capture

We provided technique
based on prototypes 
to capture evolution  
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Thank you!
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