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In This Talk
� Description Logic / OWL Ontologies

� Temporal Logic Queries

� Computational Complexity

AC
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Description Logic Ontologies
Concept names Drone, Component, Sensor
Role names hasModel, isPartOf
Individual names drone-AB100,myDrone

Concepts Droneu ∃hasSensor.InfraredSensor
Assertions drone-AB100 : DeliveryDrone,

(drone-AB100, ErnstReuterPlatz) : hasLocation
Concept inclusions DeliveryDrone v Drone,InfraredSensor v ∃measures.Heat

Subclass of

Subclass of

Subclass of

Subclass of
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hasFuselage

hasDirectPart

isVariantOf
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predecessorOf

AirCraftComp...

Sensor
3

LandingSystem

Fuselage

HardwareCo...

Component

ProductModel

SpatialThing
(external)

Drone,
UAS, UAV

LiftGenerator...

GroundStatio...

Category
2
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Temporal Conjunctive Queries (TCQs)
Conjunctive queries, a subclass of SQL:

q(d) : ∃s, p. Drone(d)∧ hasSensor(d, s)∧
measures(s, p)∧ HighAcceleration(p)

. . . combined via linear temporal operators (plus ∧, ∨, ¬):

Q(d) : Drone(d) ∧ ∃e. hasLocation(d, e)∧ ErnstReuterPlatz(e) ∧

♦− ∃f . hasLocation(d, f )∧ Hauptbahnhof(f )

(Baader, Borgwardt, and Lippmann 2013; Baader, Ghilardi, and Lutz 2012)
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Temporal Concepts
� Rigid names have a fixed interpretation: Drone, hasSensor

� Flexible names are allowed to change: hasLocation
� No other form of temporal concepts, e.g.

Drone v ♦∃hasLocation.MaintenanceYard

More expressive and expensive

Undecidable in combination with rigid roles

No tools to develop temporal DL ontologies exist
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Answering TCQs
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?

Does the query Q follow from the ontology O and observations A0, . . . ,An,
taking the rigid names into account?

Do Q, O, and A0, . . . ,An have a common model,
respecting the rigid names?

The Complexity Landscape of Temporal Conjunctive Queries

© Stefan Borgwardt

Workshop on High-Level Declarative Stream Processing // Berlin, 25.09.2018

Slide 8 of 19



Answering TCQs
Subclass of

Subclass of

Subclass of

Subclass of

Subclass of

hasCategory

Subclass of

isPartOf
(transitive)

hasPart
(transitive)

Subclass of

isLandingSystemOf

hasLandingSystemhasSensor

isSensorOf

isDirectPartOf

successorOf

Subclass of

Subclass of

hasModel

isModelOf
isFuselageOf

hasFuselage

hasDirectPart

isVariantOf

Subclass of

predecessorOf

AirCraftComp...

Sensor
3

LandingSystem

Fuselage

HardwareCo...

Component

ProductModel

SpatialThing
(external)

Drone,
UAS, UAV

LiftGenerator...

GroundStatio...

Category
2

?

Does the query Q follow from the ontology O and observations A0, . . . ,An,
taking the rigid names into account?

Do Q, O, and A0, . . . ,An have a common model,
respecting the rigid names?

The Complexity Landscape of Temporal Conjunctive Queries

© Stefan Borgwardt

Workshop on High-Level Declarative Stream Processing // Berlin, 25.09.2018

Slide 8 of 19



Complexity Landscape
Description

logic

Data complexity Combined complexity

0 1 2 3 0 1 2 3

DL-Lite AC
0

NC
1

NP PSPACE

EL P CONP NP PSPACE CONEXP

ALC CONP EXP CONEXP 2EXP

SHIQ CONP ≤EXP 2EXP

SHO[Q|I] CONP ≤ ? ≤ EXP 2EXP

ALCHOIQ CONP ≤ ? ≤ dec. CO2NEXP ≤ ? ≤ dec.
SROIQ CONP ≤ ? CO2NEXP ≤ ?

0 atemporal (CQs) 1 no rigid names 2 rigid concept names 3 rigid role names
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Propositional Abstraction
� To decide satisfiability of Q over O and A0, . . . ,An,
replace the inner CQs q1, . . . , qm by propositional variables p1, . . . , pm.

Qp : p1 ∧ p2 ∧ ♦−p3

� possible worldsW = {W1, . . . ,Wk} ⊆ 2{p1,...,pm}, e.g. {p1, p3}
� mapping A : {0, . . . , n}→ {1, . . . , k}

WA(0) WA(1) . . . WA(n)

?Qp
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Main Approach

WA(0) WA(1) . . . WA(n) tn+1 . . . Qk

?Qp

T-satisfiability

LTL model t0, t1, . . . of Qp with
� ti = WA(i) for 0 ≤ i ≤ n
� ti ∈W for i > n

P / PSPACE

Subclass of

Subclass of

Subclass of

Subclass of

Subclass of

hasCategory

Subclass of

isPartOf
(transitive)

hasPart
(transitive)

Subclass of

isLandingSystemOf

hasLandingSystemhasSensor

isSensorOf

isDirectPartOf

successorOf

Subclass of

Subclass of

hasModel

isModelOf
isFuselageOf

hasFuselage

hasDirectPart

isVariantOf

Subclass of

predecessorOf

AirCraftComp...

Sensor
3

LandingSystem

Fuselage

HardwareCo...

Component

ProductModel

SpatialThing
(external)

Drone,
UAS, UAV

LiftGenerator...

GroundStatio...

Category
2

R-satisfiability

Models of

� QA(i),Ai and O for 0 ≤ i ≤ n
� Qi and O for 1 ≤ i ≤ k
that respect the rigid names.

Qi :
∧
pj∈Wi

qj ∧
∧
pj /∈Wi

¬qj
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Complexity Landscape
Description

logic

Data complexity Combined complexity

0 1 2 3 0 1 2 3

DL-Lite AC
0

NC
1

NP PSPACE

EL P CONP NP PSPACE CONEXP

ALC CONP EXP CONEXP 2EXP

SHIQ CONP ≤EXP 2EXP

SHO[Q|I] CONP ≤ ? ≤ EXP 2EXP

ALCHOIQ CONP ≤ ? ≤ dec. CO2NEXP ≤ ? ≤ dec.
SROIQ CONP ≤ ? CO2NEXP ≤ ?

0 atemporal (CQs) 1 no rigid names 2 rigid concept names 3 rigid role names

(Baader, Borgwardt, and Lippmann 2015a,b; Borgwardt and Thost 2015b; Thost 2017)

(Borgwardt and Thost 2015a)
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DL-Lite AC
0

NC
1

NP PSPACE

� Guess additional information P
� Do not constructW and A explicitly
� Combine T-satisfiability and R-satisfiability checks

Q0,A0 Q1,A1 . . . Qn,An Qn+1 . . .

Subclass of
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hasModel

isModelOf
isFuselageOf

hasFuselage
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isVariantOf
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predecessorOf

AirCraftComp...

Sensor
3

LandingSystem

Fuselage

HardwareCo...

Component

ProductModel

SpatialThing
(external)

Drone,
UAS, UAV

LiftGenerator...

GroundStatio...

Category
2

P P P P P P P
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� Rewrite the R-satisfiability check for QA(i) into a first-order query QO,P
i

and answer it over the database Ai

� Use an ALOGTIME Turing machine for T-satisfiability
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Negation
Disallowing negation in TCQs:

Description

logic

Data complexity Combined complexity

0 1 2 3 0 1 2 3

DL-Lite AC
0

NP

EL P NP

ALC CONP EXP

SHIQ CONP 2EXP

(Borgwardt, Lippmann, and Thost 2015; Bourgaux and Turhan 2017)

bounded history

encoding

Closed-world negation?
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Metric Temporal Operators

(Baader, Borgwardt, Koopmann, Ozaki, and Thost 2017; Brandt, Kalaycı,

Kontchakov, Ryzhikov, Xiao, and Zakharyaschev 2017; Gutiérrez-Basulto, Jung, and Ozaki 2016; Thost 2018)

� Refer to specific time intervals,

e.g. “in the last 10 minutes”:

♦[−10,0] ∃f . hasLocation(d, f )∧ Hauptbahnhof(f )

� Often cause an exponential blow-up ...

� ... unless restricted to intervals [0, c], [c,∞), [−c, 0], (−∞,−c]
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Outlook
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