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Situation awareness

conjunctive query (CQ) ¥

system ABox A DL reasoner critical situations

® incomplete knowledge
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Situation awareness
SQL query 7T TBox T

\

éystem database DB(.A) SQL engine critical situations

Ans()7,DB(A))
® incomplete knowledge } OBDA
® background knowledge
® rewrite ¢ w.r.t. T (possibly exponential)
® Cert(¢, (A, T)) = Ans(¢)7, DB(A))
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DL‘L/teCO[Q

® concept names: Employee, Manager, Unemployed
® role names: manages
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DL-Litecore

concept names: Employee, Manager, Unemployed
role names: manages

concept inclusions: dmanages C Manager, 3manages~ T Employee,
Employee C Imanages™, Employee C =Unemployed

® assertions: manages(franz, stefan)
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DL-Litecore

concept names: Employee, Manager, Unemployed
role names: manages

concept inclusions: dmanages C Manager, 3manages~ T Employee,
Employee C Imanages™, Employee C =Unemployed

® assertions: manages(franz, stefan)

Manager Employee
® manages °
franz g stefan
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DL-Litecore

concept names: Employee, Manager, Unemployed
role names: manages

concept inclusions: dmanages C Manager, 3manages~ T Employee,
Employee C Imanages™, Employee C =Unemployed

® assertions: manages(franz, stefan)

Manager Employee Manager

[ ]
manages manages X

franz stefan
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DL-Litecore

® concept names: Employee, Manager, Unemployed
role names: manages

® concept inclusions: Imanages C Manager, 3manages~ T Employee,
Employee C Imanages™, Employee C =Unemployed

® assertions: manages(franz, stefan)

Manager Employee Manager

[ ]
manages manages X

franz stefan

® conjunctive query: Manager(x)? ~ {[x — franz|}
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D/__l_ /‘tecofe

® concept names: Employee, Manager, Unemployed
role names: manages

® concept inclusions: Imanages C Manager, 3manages™ T Employee,
Employee C Imanages™, Employee C =Unemployed

® assertions: manages(franz, stefan)

Manager Employee Manager

[ ]
manages manages X

franz stefan

® conjunctive query: Manager(x)? ~ {[x — franz|}

® first-order rewriting:
1 = Manager(x)
~ T = Manager(x) V Jy.manages(x, y)
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DL-Litecore

® concept names: Employee, Manager, Unemployed
® role names: manages

® concept inclusions: Imanages C Manager, 3manages™ T Employee,
Employee C Imanages™, Employee C =Unemployed

® assertions: manages(franz, stefan)

Manager Employee Manager

[ ]
manages manages X

franz stefan

® conjunctive query: Manager(x)? ~ {[x — franz|}
® first-order rewriting:
1) = Manager(X)
~ T = Manager(x) V Jy.manages(x, y)
~ (SELECT * FROM Manager) UNION (SELECT first FROM manages)
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Dynamic systems
temporal CQ ¢ TBox T

U
:>i?§§:> OO:%f

system sequence of ABoxes critical situations
Cert(o, K, n)

® temporal knowledge base (TKB) K = ((A/)o<i<n, T)
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Dynamic systems
temporal CQ ¢ TBox T

U
:>i?§§:> OO:%f

system sequence of ABoxes critical situations
Cert(o, K, n)

e temporal knowledge base (TKB) K = ((A;)o<j<n. T)
® sequences of interpretations (Z;)o<i<n

— shared domain
— rigid individuals
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Dynamic systems
temporal SQL query ¢7?  TBox T~

/JC

sequence of databases? ? critical situations
Ans(¢7,DB(K), n)
® temporal knowledge base (TKB) K = ((A/)o<i<n, T)

® sequences of interpretations (Z;)o<i<n

— shared domain
— rigid individuals
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Temporal conjunctive queries (TCQs)

=P P NP2 | d1V o | O | @b | 1 Uy | O | O |
O ¢l @ | p1Sh |0 @O 9

® |TlL-based syntax, as in [Gutiérrez-Basulto, Klarman 2012] and
[Baader, Borgwardt, Lippmann 2013]

® past and future operators, no negation
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Temporal conjunctive queries (TCQs)

=P P NP2 | d1V o | O | @b | 1 Uy | O | O |
O ¢l @ | p1Sh |0 @O 9

® |TlL-based syntax, as in [Gutiérrez-Basulto, Klarman 2012] and
[Baader, Borgwardt, Lippmann 2013]

® past and future operators, no negation
Unemployed(x) A O~ Employee(x)

O~ Employee(x)

0~ 19¢(Overheated(x) A OOOverheated(x))
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Temporal conjunctive queries (TCQs)

=P P NP2 | d1V o | O | @b | 1 Uy | O | O |
O ¢l @ | p1Sh |0 @O 9

® |TlL-based syntax, as in [Gutiérrez-Basulto, Klarman 2012] and
[Baader, Borgwardt, Lippmann 2013]

® past and future operators, no negation

Unemployed(x) A O~ Employee(x)
O~ Employee(x)

0~ 19¢(Overheated(x) A OOOverheated(x))

Cert(¢, K, n) = Ans(¢7, DB(K), n)
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Semantics of TCQs
¢ = (Running(x) V @ Running(x) V @ @ Running(x)) S Started(x)

“all processes that have never been inactive
for three consecutive time points since they were started”
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Semantics of TCQs

¢ = (Running(x) V @ Running(x) V @ @ Running(x)) S Started(x)

“all processes that have never been inactive
for three consecutive time points since they were started”

1 Saby = aha V (Y1 A O™ (1 Sep2))
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Semantics of TCQs

¢ = (Running(x) V @ Running(x) V @ @ Running(x)) S Started(x)

“all processes that have never been inactive
for three consecutive time points since they were started”

1 Saby = aha V (Y1 A O™ (1 Sep2))

A; Started(x) Running(x) @Running(x) @@Running(x)

- O

{Started(a)}
{Started(b),
Running(a)}
{Running(b)}
0
0

Ulm, July 24, 2013 Temporal Query Answering in DL-Lite



Semantics of TCQs

¢ = (Running(x) V @ Running(x) V @ @ Running(x)) S Started(x)

“all processes that have never been inactive
for three consecutive time points since they were started”

1 Saby = aha V (Y1 A O™ (1 Sep2))

i A; Started(x) Running(x) @Running(x) @@Running(x)
0 {Started(a)} {a} 0
{Started(b),
! Running(a)} {b} {a}
2 {Running(b)} 0 {b}
3 0 0 0
4 0 0 0
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Semantics of TCQs
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Semantics of TCQs

¢ = (Running(x) V @ Running(x) V @ @ Running(x)) S Started(x)

“all processes that have never been inactive
for three consecutive time points since they were started”

1 Saby = aha V (Y1 A O™ (1 Sep2))

i A; Started(x) Running(x) @Running(x) @@Running(x)

0 {Started(a)} {a} 0 {a} {b}
{Started(b),

! Running(a)} {b} {a} {6} 0

2 {Running(b)} 0 {b} 0 0

3 0 0 0 0 {a, b}

4 0 0 0 — tab) — iab)
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Semantics of TCQs

¢ = (Running(x) V @ Running(x) V @ @ Running(x)) S Started(x)

“all processes that have never been inactive
for three consecutive time points since they were started”

1 Saby = aha V (Y1 A O™ (1 Sep2))

i A; Started(x) Running(x) @Running(x) @@Running(x) ¢
0 {Started(a)} {a} 0 {a} (b} (a}
i 3} b} 0 {ab)
2 {Running(b)} 0 {b} 0 0 {b}
: ) o o = oo (o)
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Semantics of TCQs

¢ = (Running(x) V @ Running(x) V @ @ Running(x)) S Started(x)

“all processes that have never been inactive
for three consecutive time points since they were started”

1 Saby = aha V (Y1 A O™ (1 Sep2))

i A; Started(x) Running(x) @Running(x) @@Running(x) ¢

0 {{Starteg((zg} {a} 0 {a} {b} {a}
tarte ,

1 Qlaned® o) fa} 6} 0 fa.b}

2 {Runn(;)ng (b)} 8 {g} g g {g}

3
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5 0 0 0 {a b} {a b} 0
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Semantics of TCQs

¢ = (Running(x) V @ Running(x) V @ @ Running(x)) S Started(x)

“all processes that have never been inactive
for three consecutive time points since they were started”

1 Saby = aha V (Y1 A O™ (1 Sep2))

i A; Started(x) Running(x) @Running(x) @@Running(x) ¢

0 {{Starteg((zg} {a} 0 {a} {b} {a}
tarte ,

1 Qlaned® o) fa} 6} 0 fa.b}

2 {Runn(;)ng (b)} 8 {g} g g {g}

3

4 0 0 00 — () 0

5 0 0 0 {a b} {a b} 0

— store all past data in a temporal database and use a temporal query language, e.g. ATSQL
[Chomicki, Toman, Béhlen 2001]
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A space efficient approach

® query is fixed and always evaluated at the last time point
® idea: discard irrelevant data from past time points
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A space efficient approach

® query is fixed and always evaluated at the last time point
® idea: discard irrelevant data from past time points
® [Chomicki 1995]:

— keep only answers to past-subformulae from the previous time point
— update those in each step
— does not work with future operators
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A space efficient approach

® query is fixed and always evaluated at the last time point
® idea: discard irrelevant data from past time points
® [Chomicki 1995]:

— keep only answers to past-subformulae from the previous time point
— update those in each step
— does not work with future operators

¢ = 0~ Employee(x)

oY=y e O ¢
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A space efficient approach

® query is fixed and always evaluated at the last time point
® idea: discard irrelevant data from past time points
® [Chomicki 1995]:

— keep only answers to past-subformulae from the previous time point
— update those in each step
— does not work with future operators

¢ = 0~ Employee(x)
~~ A

oY=y e O ¢
x___—
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A space efficient approach

® query is fixed and always evaluated at the last time point
® idea: discard irrelevant data from past time points
® [Chomicki 1995]:

— keep only answers to past-subformulae from the previous time point
— update those in each step
— does not work with future operators

¢ = 0~ Employee(x)
~~ A

oY=y e O ¢
x___—

bounded history encoding: required space independent of the length of the history
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What about the future?

future operators do not add expressivity ...

[Gabbay 1989]:
® yse separation theorem to eliminate future operators
® non-elementary blow-up
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What about the future?

future operators do not add expressivity ...

[Gabbay 1989]:
® use separation theorem to eliminate future operators
® non-elementary blow-up

... but they allow for more concise queries

[Laroussinie, Markey, Schnoebelen 2002]:
® | TL with past operators is exponentially more succinct than without
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What about the future?

future operators do not add expressivity ...

[Gabbay 1989]:
® yse separation theorem to eliminate future operators
® non-elementary blow-up

... but they allow for more concise queries
[Laroussinie, Markey, Schnoebelen 2002]:

® | TL with past operators is exponentially more succinct than without

our approach:
® adapt Chomicki's algorithm for future operators
® keep the bounded history encoding
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Our approach

idea:
® use answer formulae instead of sets of answers
® variables as place-holders for future answers
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Our approach

idea:
® use answer formulae instead of sets of answers
® variables as place-holders for future answers

¢ = C(x)S (Alx) UB())
P
P =B((X) V (A(X) A O(A(X) UB(X)))
—_——————

x¥
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Our approach

idea:
® use answer formulae instead of sets of answers
® variables as place-holders for future answers

¢ = C(x) S (A(X) UB(x))
P
P =B(x) V (A(X) A O(A(X) UB(X)))
P

i A(x) B((x) C(x) P ¢ answers

0 {a} {ab} {ac}
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Our approach
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® variables as place-holders for future answers

¢ = C(x) S (A(X) UB(x))
v
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Our approach

idea:
® use answer formulae instead of sets of answers
® variables as place-holders for future answers

¢ = C(x) S (A(X) UB(x))
v
P =B(x) V (A(X) A O(A(X) UB(X)))
b

i A(x) B((x) C(x) P ¢ answers

0 {a {ab} {act {abju({anx¥)” *..u({acin0d) {ab}
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Our approach

idea:
® use answer formulae instead of sets of answers
® variables as place-holders for future answers

¢ = C(x) S (A(X) UB(x))
v
P =B(x) V (A(X) A O(A(X) UB(X)))
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i A(x) B((x) C(x) P ¢ answers

0 {a {ab} {act {abju({anx¥)” *..u({acin0d) {ab}

1 {0} {c} fach {u(brnx)

Ulm, July 24, 2013 Temporal Query Answering in DL-Lite



Our approach

idea:
® use answer formulae instead of sets of answers
® variables as place-holders for future answers

¢ = C(x) S (A(X) UB(x))
v
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Our approach

idea:
® use answer formulae instead of sets of answers
® variables as place-holders for future answers

¢ = C(x) S (A(X) UB(x))
P
P =B(x) V (A(X) A O(A(X) UB(X)))
P

i A(x) B((x) C(x) P ¢ answers

0 {a+ {ab} {ac} {abtu({ain...)” >*...u({actn®) {ab}
1 {b} {c} {ac} {C}U({b}ﬂxf”)’ﬂ...u({a,c}ﬂ...) {a c}

— bounded history encoding
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Conclusions

Summary:
® temporal query language over CQs w.r.t. a DL-Lite TBox
® first-order rewritability follows from the atemporal case
® generalization of Chomicki’s idea (only relevant data is kept)
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Conclusions

Summary:
® temporal query language over CQs w.r.t. a DL-Lite TBox
® first-order rewritability follows from the atemporal case
® generalization of Chomicki’s idea (only relevant data is kept)

Future work:
® allow rigid names [FroCoS 2013]
® implement and compare
® more expressive DLs
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