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Reasoning Problems

Decision problem A

non-emptiness =

Is there a solution for K; s 0+86
(resp. 71) under M? Q)o* P\%
membership == e s 6(;&\
Is K5 (resp. 7») a solution \\3\ o
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for IC1 (resp. 7;) under M?
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Knowledge Base Exchange: Universal Solution

AuthorOf~ C WrittenBy
M : TaxNumber C SSN
JAuthorOf ~ C dBookGenre

JAuthorOf T Author

L Author T dTaxNumber

Aq AuthorOf
nabokov lolita
tolkien lotr
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Knowledge Base Exchange: Universal Solution

AuthorOf~ C WrittenBy
M : TaxNumber C SSN
JAuthorOf ~ C dBookGenre
WrittenBy
T . JAuthorOf T Author
' Author T 3TaxNumber lolita nabokov
lotr tolkien
A ‘ AuthorOf ‘ A, SSN
nabokov lolita nabokov my
tolkien lotr tolkien my
BookGenre
lolita ms
lotr my

A5 is a universal solution for (77, A;) under M (with extended ABoxes).
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Knowledge Base Exchange: Universal UCQ-Solution

AuthorOf~ C WrittenBy
M : TaxNumber C SSN
JAuthorOf ~ C dBookGenre
T . JAuthorOf T Author T - dWrittenBy~ C 4SSN
L Author T dTaxNumber 2 AWrittenBy T dBookGenre
Ay ( AuthorOf W A WrittenBy W
nabokov lolita lolita nabokov
tolkien lotr L lotr tolkien
q(b) « Jg.BookGenre(b, g) : cert(q, (T, UM, Ay)) = {lolita, lotr} = cert(q, (1>, A>))
q(b, g) « 3b, g.BookGenre(b, g) : cert(q, (71 UM, Ay)) = {} = cert(q, (T2, A2))

(72, As) is a universal-UCQ solution for (73, A;) under M (with simple ABoxes).
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Knowledge Base Exchange: UCQ-Representation

AuthorOf~ C WrittenBy
M : TaxNumber C SSN
JAuthorOf ~ C dBookGenre

) JAuthorOf C
L ITaxNumber
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Knowledge Base Exchange: UCQ-Representation

AuthorOf~ C WrittenBy
M : TaxNumber C SSN
JAuthorOf ~ C dBookGenre
) JAuthorOf C T - dWrittenBy~ C 4SSN
L dTaxNumber 2 AWrittenBy T dBookGenre

T, is a UCQ-representation of 7; under M.
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Knowledge Base Exchange: UCQ-Representation

AuthorOf~ C WrittenBy
M : TaxNumber C SSN
JAuthorOf ~ C dBookGenre
) JAuthorOf C T - dWrittenBy~ C 4SSN
L ITaxNumber 2 JWrittenBy C 3BookGenre
A AuthorOf
nabokov ‘ lolita for each source A; and for each target q,
(T UM, Ayr) and (T, UM, Ay)
TaxNumber give the same answers to g
smith ‘ 000

T, is a UCQ-representation of 7; under M.
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Summary of Results
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Membership for Simple Universal Solutions is in PTIME
As is a universal solution for K; = (77, A;) under M iff' there exist

© a homomorphism from U, to Uiz un ),

© a homomorphism from U7, 4, to Uy,

on the target symbols.

Twhen T; and M are positive, otherwise one more condition has to be added
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Membership for Simple Universal Solutions is in PTIME

© a homomorphism from /;7,un,4,) to Uy,  via Reachability Games on graphs

—

v

on the target symbols.

We construct a reachability game G = (G, F) such that

there exists a homomorphism from U/, uu .4,y to Ua,
iff

Duplicator) has a strategy against

in G to avoid F.
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Membership for Simple Universal Solutions is in PTIME

Duplicator wins from 1

Duplicator) has a strategy against @

in G to avoid F.

F
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Membership for Simple Universal Solutions is in PTIME

Spoiler wins from 1

VAR

Duplicator) has a strategy against @

in G to avoid F.

F
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Membership for Simple Universal Solutions is in PTIME

Duplicator) has a strategy against @

in G to avoid F. Decidable in PTimE.

F
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Games and Homomorphisms

Each play starting from m defines a homomorphism (on the target symbols)
from a path in U7 4, to Usg,.

DY
a, a, Wg /\ .@ R’

ws Ws o Wr
l l l Wr @ e Wy L) Q'
C L wo e e W
b, wqQ
o
wq .
The reachability game G = (G, F) Uiium Ay)

for i = {3ST C 3R, IR~ CIQ,IQ~ C AR}, A; = {3S(a),3R(a)}, and
M={SCR,RCR,QC Q}, and A, = {R'(a,a), R'(a, b), Q'(b, b)}.

Elena Botoeva(FUB) Computing Solutions in OWL 2 QL Knowledge Base Exchange 9/12




Games and Homomorphisms

. a,a . .
Each play starting from - defines a homomorphism (on the target symbols)
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The reachability game G = (G, F) Uiium Ay) U,

for Ty = {3S~ C 3R, IR~ C IQ,3IQ~ C IR}, A; = {35(a),IR(a)}, and
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Non-emptiness for Extended Universal solutions, UB

There exists a universal solution for £; = (7, A;) under M iff? there exists
a homomorphism from U7, 4,) to a finite subset of it, on the target symbols.

2when T; and M are positive, otherwise one more condition has to be added



Non-emptiness for Extended Universal solutions, UB

There exists a universal solution for K; = (7, A;) under M iff? there exists
a homomorphism from U7, 4,) to a finite subset of it, on the target symbols.

Consider 7; = {35~ £ 3S} and A; = {R(a, a),35(a)}, and M ={RC R, SC R'}.
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Non-emptiness for Extended Universal solutions, UB

There exists a universal solution for K; = (7, A;) under M iff? there exists
a homomorphism from U7, 4,) to a finite subset of it, on the target symbols.

Consider 7; = {35~ £ 3S} and A; = {R(a, a),35(a)}, and M ={RC R, SC R'}.
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Two-way Alternating Automata. We construct three automata:
ACHH Amod Afm

G G G

Elena Botoeva(FUB) Computing Solutions in OWL 2 QL Knowledge Base Exchange




Non-emptiness for Extended Universal solutions, UB

There exists a universal solution for £; = (7, A;) under M iff? there exists
a homomorphism from U7, 4,) to a finite subset of it, on the target symbols.

Consider 7; = {35~ £ 3S} and A; = {R(a, a),35(a)}, and M ={RC R, SC R'}.

) - a aws awsws awswsws
Uzumay: R - - -
SR SR SR

Two-way Alternating Automata. We construct three automata:

ACan Amod Afm
Raa ¢ G G G
R r
3rR",3R,3S G G
IR”,3R,a
3s-,35,S G
3R ,3R, R’
357,355 ¥ G
JrR'”,3R" R
457,355« G
IR ,3R, R

the can. model of (7; UM, A;)
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Non-emptiness for Extended Universal solutions, UB

There exists a universal solution for £; = (7, A;) under M iff? there exists
a homomorphism from U7, 4,) to a finite subset of it, on the target symbols.

Consider 7; = {35~ £ 3S} and A; = {R(a, a),35(a)}, and M ={RC R, SC R'}.

U . RR Da aws awsws awswsws
(TIUM,Ay)+ '
' S,R' S,R' S,R'

Two-way Alternating Automata. We construct three automata:

ACan A&mod Afm
Raa * G o Raa Saa + G G
R r Riar
3rR~,3R,3S ,IRT,ARES,3S 0 G G
IR”,3R,a IR',3IR",a
3s-,35,S G
3R ,3R, R’
357,355 ¥ G
JrR'”,3R" R
457,355« G
IR ,3R, R

, at lel of (T; UM, A;)
the can. model of (7; UM, A;) | ree modet o !
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Consider 7; = {35~ £ 3S} and A; = {R(a, a),35(a)}, and M ={RC R, SC R'}.

U . RR Da aws awsws awswsws
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Non-emptiness for Extended Universal solutions, UB
There exists a universal solution for K; = (7, A;) under M iff? there exists
a homomorphism from U7, 4,) to a finite subset of it, on the target symbols.

Consider 7; = {35~ £ 3S} and A; = {R(a, a),35(a)}, and M ={RC R, SC R'}.

U . RR Da aws awsws awswsws
(TIUM,Ay)+ '
' S,R' S,R' S,R'

Two-way Alternating Automata. We construct three automata:

Acan Anod Afin B= W(Acan) n JT(Arnod) N Agp
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R r Rlar
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Non-emptiness for Extended Universal solutions, UB
There exists a universal solution for K; = (7, A;) under M iff? there exists
a homomorphism from U7, 4,) to a finite subset of it, on the target symbols.

Consider 7; = {35~ £ 3S} and A; = {R(a, a),35(a)}, and M ={RC R, SC R'}.

) o a aws awsws awswsws
Uriumay: R - - -
SR SR SR

Then A, = {R'(a, a)} is a universal solution for IC; under M.

Two-way Alternating Automata. We construct three automata:

ACan A&mod A&)‘in B= W(Acan) n JT(Arnod) N Aﬁn
Ras s G < Raa Saa v G G Riair s G
R r Rl r
3rR~,3R,3S ,ART,3R,3S7,3S ¢ G G- IR, IR, a* G
IR”,3R,a IR, AR, a
35-,35,5 N N GY--- =
IR, 3R, R
357,35,S + G
IR, 3R R’
35,355V 6
JR”,3R,R
a tree model of (7; UM, A;)
the can. model of (7; UM, A;) | ree modet o a finite tree
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Thank you
for your attention!
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