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OBDA with Temporal Data

query q(x) = RequiresBloodTest(x, foday)

-
ontology
Patient 1 O3 Ivaccinated.LiveVirus C ViableParticipant
Patient M RequiresBloodTest C Og RequiresBloodTest

Patient(john, 21/04/16)

RequiresBloodTest(john, 18/04/16)
ABOX vaccinated(john, measles, 16/04/16)

LiveVirus(measles,01/01/16)

L 4

1 mappings

( timestamped data: voo_cino’rions, blood tests, etc.
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Temporal £C

concepts ¢,D == A | CnD | 3r.C | OrC | OrC
at the next moment  af the previous moment

OpC | pC

~— ~——

sometime in the future  sometime in the past

roles r are partitioned info local and rigid (time-invariant)
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Querying Temporal £C

temporal atomic query A(a:, t) A is a concept name

entailment for a € ind(A) and i € Z
T,AE A(a,i) iff 3 FE A(a,i), foralmodelsyofT,A

certain answers  (a,n) € ind(A) x fem(A) suchthat 7,4 A(a,n)
———

min A<n<max A
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Bad News

Theorem TAQ answering over full TEL is undecidable
(even for data complexity, with a fixed TBox and a fixed query)

hint: express LI using < on the right-hand side of Cls
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Querying Temporal £C

temporal atomic query A(a:, t) A is a concept name

entailment for a € ind(A) and i € Z
T,AE A(a,i) iff 3 FE A(a,i), foralmodelsyofT,A

certain answers  (a,n) € ind(A) x fem(A) suchthat 7,4 A(a,n)
———

min A<n<max A

Bad News

Theorem TAQ answering over full TEL is undecidable
(even for data complexity, with a fixed TBox and a fixed query)

hint: express LI using < on the right-hand side of Cls

TELC is TeC without ©,

Theorem TAQ answering over TELS with functional roles
is undecidable for data complexity

Theorem TAQ answering over TELSC with inverse roles
is undecidable for data complexity
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(Some) Good News

normal form: A A’ C B, OB LC A, ALC Ir.B, dr.BC A
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Ultimate Periodicity

a quasimodel is ultimately p-periodic if
for each trace =, there are positive integers mp, pp, mz,pr < p such that
mp(n — pp) = wp(n), foralln < —m,
wg(n + pr) = wp(n), foralln > m.

s B —

—mp—2pp —Mp—Pp —mp 0 My Me~+pr mg+2pr
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Theorem TAQ answering over ultimately periodic TEL® TBoxes is
PSpace-complete in data complexity
rewriting info DATALOG g
an extension of datalog with one successor function [Chomicki & Imielinski, 1988]
ferms t+¢ and t — 1

for a ‘temporal variable’ t and ¢ is a non-negative infeger constant

DATALOG, 5 is PSpace-complete in data complexity (encoded in unary)

and ExpTime-complete in combined complexity
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Ultimate Periodicity

a quasimodel is ultimately p-periodic if
for each trace «, there are positive infegers myp, pp, mr, p» < p such that
wg(n — pp) = wp(n), foralln < —m,
wg(n + pr) = wp(n), foralln > m;,

s B —

—mMp—2pp —Mp—Pp —MmMp 0 mpg Meg~+Pr Me~+2pr

Theorem TAQ answering over ultimately periodic TEL® TBoxes is
PSpace-complete in data complexity
rewriting info DATALOG; s
an extension of datalog with one successor function [Chomicki & Imielinski, 1988]
tferms t+¢ and t — 2

for a ‘temporal variable’ t and ¢ is a non-negative integer constant

DATALOG; g is PSpace-complete in data complexity (encoded in unary)

and ExpTime-complete in combined complexity
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Restricted Use of Rigid Roles

Theorem TAQ answering over TEL®C without rigid roles is
PSpace-complete in combined and PTime-complete in data complexity

observation: fraces are ultimately periodic with the “prefix’ | A| + 227D
and period 27D
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Restricted Use of Rigid Roles

Theorem TAQ answering over TEL®C without rigid roles is
PSpace-complete in combined and PTime-complete in data complexity

observation: fraces are ultimately periodic with the “prefix’ | A| + 227D
and period 27D

Theorem TAQ answering over TEL®C without rigid roles on the right of Cls is
in ExpTime in combined and PSpace-complete in data complexity

proof: rewriting into DATALOG; g
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Standard Acyclicity

acyclic TBoxes: definitions A = C (the relation “defined by’ is acyclic)

Theorem TAQ answering over acyclic TEL® is in LocTiME-uniform AC? in data
and in PTime in combined complexity

proof: rewriting into FO with one successor relation

acyclicity restricts both dimensions depth
of Ir.C

DL 2016, Cape Town, 22.04.16 8



Standard Acyclicity

acyclic TBoxes: definitions A = C (the relation “defined by’ is acyclic)

Theorem TAQ answering over acyclic TEL® is in LocTiME-uniform AC? in data
and in PTime in combined complexity

proof: rewriting into FO with one successor relation

acyclicity restricts both dimensions depth
of Ir.C

- rigid concepts are not expressible

- No recurring patterns time



Standard Acyclicity

acyclic TBoxes: definitions A = C (the relation “defined by’ is acyclic)

Theorem TAQ answering over acyclic TEL® is in LocTiME-uniform AC? in data
and in PTime in combined complexity

proof: rewriting into FO with one successor relation

acyclicity restricts both dimensions iep‘rh
of Ir.C
- rigid concepts are not expressible
| R LA eETE .
- No recurring patterns time
Temporal Acyclicit ]
P yclicity o) o

Theorem TAQ answering over temporally acyclic TEL® (with rigid concepts) is
PTime-complete in data and combined complexity

OrACBOrO,BCL A —

the ‘rank’ of B = the rank of A + 1 -:]:I: ABOX :l:l:_




Standard Acyclicity

acyclic TBoxes: definitions A = C (the relation “defined by’ is acyclic)
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Theorem TAQ answering over temporally acyclic TEL® (with rigid concepts) is
PTime-complete in data and combined complexity

OrACBOrO,BCL A —

the ‘rank’ of B = the rank of A + 1 -:]:I: ABOX :l:l:_
contains full €€
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Theorem TAQ answering over DL-acyclic TEL® TBoxes of depth k > 1 is
k-EXPSPACE-complete in combined complexity
and NC!-complete in data complexity
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Inflationary TEL

TEL 4 is TEL without O, but with ©. on the left-hand side of Cls only
similar to TQL for DL-Lite [Artale et al., 2013] and inflationary DATALOG, s [Chomicki, 1990]

Theorem TAQ answering over TEL, , is PTime-complete in both data
and combined complexity

ABOX
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TEL 4 is TEL without O, but with ©. on the left-hand side of Cls only
similar to TQL for DL-Lite [Artale et al., 2013] and inflationary DATALOG, s [Chomicki, 1990]
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Summary

TEL undecidable

> non-elem

o~ TELo
ultim. period. TEL® undecidable

> non-elem

AN DARETN
/ / VL -
™~

~
i
i
-~

in EXPTIME

NC

acyclic TEL®P

in PT ,
nEME S T ——qeyclic £
AC? in PTIME

full TELC

conjunctive queries

binary representation of time instants / interval encoding, e.9., A(a, [n1, n2])
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