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TBox

ABox1

New ABox

KB in L Evolution Operator ⟐

Old KB: Evolved KB:New Information:
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•  entail new knowledge
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•  be consistent ­ no logical contradiction Priest(Bob) ∧ ¬Priest(Bob) ý
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• What is the distance under Winslett’s semantics?

• Distance is based on 

• symmetric difference 

• set inclusion

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

J = {A(a), C(a)}
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• What is the distance under Winslett’s 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)

4

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

Evolution under Winslett’s Semantics (WS)
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Related Work on WS

• Evolutions under WS were recently extensively studied:

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

• DL-Lite ABox updates                                      [De Giacomo&al:2006]
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• We showed:
DL-Lite is not closed under WS

• There are K, N s.t.  K⟐N is not in DL-Lite 

• Capturing evolution requires at least disjunction

[Calvanese&al:2010] 
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• TBox assertions:

• role inclusion:

• concept inclusions:

• concept disjointness:

• ABox assertions:

• concepts

• roles

Evolution in DL-LiteR

Formulas of the form

A � ¬B,A � ¬∃R

R(a, b)

A � B,A � ∃R
R � P

B(a), ∃R(b),¬B(c)

P−(c, d)

7
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Issues with Inexpressibility in DL-Lite
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1..n 1..n 
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Adam  Bob 
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HasHusband(Mary, John)

HasHusband 

(Mary, John) 

K:
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Husband 

John 

Wife HusbandHasHusband

Priest

Mary

Adam Bob

John

I:

Priest

Husband � ∃HasHusband
−

∃HasHusband
− � ¬Priest

8
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Reason for Inexpressibility of WS

• These three problems are caused by:

• Principle of minimal change, together with 

• Roles R simultaneously involved in two TBox interactions:

• mandatory particip. in R’s domain

• disjointness with R’s range

10

Wife � ∃HasHusband

∃HasHusband− � ¬Priest
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If in a given TBox T there is a role R such that T entails: 

then there is an ABox A and a new ABox N s.t. 
(T, A) ⟐ N is not in DL-Lite

When Is Evolution Expressible?

11

{A � ∃R, ∃R− � ¬B}

Theorem:

Friday, 22, July, 2011



If in a given TBox T there is a role R such that T entails: 

then there is an ABox A and a new ABox N s.t. 
(T, A) ⟐ N is not in DL-Lite

When Is Evolution Expressible?

11

{A � ∃R, ∃R− � ¬B}

Theorem:

If a KB is such that there is no such a role, 
the result of evolution is expressible in DL-Lite

Corollary:
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Open Issues for DL-Lite evolution under WS

• On DL-Lite wrt evolution

• Which DL-Lite fragments are closed under WS?

• Which DL-Lite formulas cause inexpressibility?

12

• Of evolution wrt to DL-Lite

• Can we capture DL-Lite evolution in richer logics?

• What are these logics?

• Approximation

• How to approximate DL-Lite evolution in DL-Lite?

✓
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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

13
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K’:
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Prototypes for DL-LiteR

NABox Oval: models describable in DL-LiteR

K’:

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

K’:

K1:
K2: K3:

K4:

K1, K2, K3, and K4 approximate K’:         K1 ∪ K2 ∪ K3 ∪ K4 ⊇ K’

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

NABox Oval: models describable in DL-LiteR

K’:

K1:
K2: K3:

K4:

Dot: canonical model of a DL-LiteR KB

We need to cut off the green area by a formula Ψ:
Ψ should incapsulates all the issues we saw before (local functionality, ...)  
and every model of K’ should satisfy Ψ
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Prototypes for DL-LiteR

NABox Oval: models describable in DL-LiteR

K’:

K1:
K2: K3:

K4:

Dot: canonical model of a DL-LiteR KB

Theorem: K’ = (K1 ∨ K2 ∨ K3 ∨ K4) ∧ Ψ
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Prototypes for DL-LiteR

NABox Oval: models describable in DL-LiteR

K’:

K1:
K2: K3:

K4:

Dot: canonical model of a DL-LiteR KB

Theorem: K’ = (K1 ∨ K2 ∨ K3 ∨ K4) ∧ Ψ

prototypes
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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)
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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 Ψ

14

Friday, 22, July, 2011
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Capturing evolution:
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3.  Find Ψ
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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 Ψ

➙

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
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HasHusband 
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Husband 

John 

Priest
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Adam Bob John
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another girl
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2.  Axiomatize prototypes 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 

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 Ψ
➙

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 Ψ
➙

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:

14

Friday, 22, July, 2011



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 Ψ
➙

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 Ψ
➙

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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2.  Axiomatize prototypes in DL-LiteR

3.  Find Ψ➙
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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 Ψ➙
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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 Ψ➙

∀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 Ψ➙

∀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 Ψ➙

∀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:
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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 Ψ➙

∀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 Ψ
14
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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 Ψ➙

The result of evolution:
TBox ∧ (ABox1 ∨ ABox2 ∨ ABox3 ∨ ABox4 ) ∧ Ψ 

Theorem: This is expressible in SHOIQ
(in the paper we just talked about FO[2])
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Open Issues for DL-Lite evolution under WS

• On DL-Lite wrt evolution

• Which DL-Lite fragments are closed under WS?

• Which DL-Lite formulas cause inexpressibility?

15

• Of evolution wrt to DL-Lite

• Can we capture DL-Lite evolution in richer logics?

• What are these logics?

• Approximation

• How to approximate DL-Lite evolution in DL-Lite?

✓

✓
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Naive Approximation in DL-Lite

16

• Compute a SHOIQ KB K’ for (T, A) ⟐ N

• For each B(a), where B and a appear in T, A or N do

• Check whether K’ entails B(a)

• If it does, add B(a) to Kapp

• Kapp is a sound approximation of (T, A) ⟐ N
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To Sum Up

• The evolution of a DL-Lite KB is inexpressible in DL-Lite

We studied how to represent the result of evolution

• in SHOIQ

• using prototypes

– the number of prototypes is exponential in the number of 
constants

+ by analyzing the representation we learnt when evolution is 
expressible

+ we learnt how to approximate the representation in DL-Lite
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Evolution in General KBs

Wife HusbandHasHusband
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Mary
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John

I:

Priest

20

Suppose we also have
∃HasChaplain− � Priest
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Evolution in General KBs

Wife

Priest

Mary

Adam Bob
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I:

HasHusband

20

...

Suppose we also have

HasChaplain

∃HasChaplain− � PriestPriest

Adam cannot be a chaplain!
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Evolution in General KBs

Wife

Priest

Mary

Adam Bob

John

I:

HasHusband

20

...

Suppose we also have

HasChaplain

∃HasChaplain− � PriestPriest

Adam cannot be a chaplain!

So, who is the chaplain now?

The change of Adam’s state 
triggered again “looking for a 
candidate”

Making this change, we have to start 
the process again, 
considering the change as part of 
the new ABox

?
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