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The description logic SHZ O

Vocabulary (Ng, Ng, N;) of concept, role, individual names
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The set of concepts is given by
C:=T|A|-C|C,NnG,|TAr.C|ALnr.C
With A € Np, r € Ny
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The set of axioms includes: Substance

- GClsandRIAs: CED, RER, R-RLCR
- Assertions: C(a), r(a,b)
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Pushing the Boundaries of Tractable Multiperspective Reasoning: A deduction calculus for Standpoint & £+
Lucia Gomez Alvarez, Sebastian Rudolph, Hannes StraRR; (KR 2023)

= Complexity of the satisfiability of Standpoint-& £+ — PTime
= Tractability is easily lost:

- Empty standpoints — NP-hard
- Rigid roles — CoNP-hard

-Nominal Concepts — ExpTime-hard
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What about Sgy,70 ?

In this paper:
= We show that satisfiability coincides with satisfiability in a small model
= We provide a translation from to SS?—[IQ to plain SHZ O
= We show that satisfiability and statement entailment ExpTime-complete, as in plain SHZ O

= Nominals break the small model property



Small Models for Standpoint SHZ O
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Small model property for Ssuz10

Normalisation:

- Sharpenings not using 0:

- §'<s S{Ns,<s
- GCils:

- O.(TE C) with C in NNF

- Other modalised axioms :

- R with € any R, transitivity axiom, role assertion, or concept assertion C(a) with C in NNF
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o HK'is linear in the size of X

o K ’can be computed in PTime
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Small model property for Ssuz10

Normalisation:

- Sharpenings not using 0:

- §'<s S{NSy, <s
- GCils:

- O.(TE C) with C in NNF

- Other modalised axioms :

- R with € any R, transitivity axiom, role assertion, or concept assertion C(a) with C in NNF

Lemma 1. Any S SHTO KB K can be transformed into a KB in normal form K’ such that
o K and K ' are equisatisfiable
o HK'is linear in the size of X

o K ’can be computed in PTime

Notice that (), only occurs at the concept level
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Small model property for Ssnz0o

4 )
Tidy models Z ={0L,.(TED),
«(TE QO]
[’ A° 5 6 &
C,D D D
]Z'l ........... o - o @O -
D C,D D
TCy wevvenennss ® - ® @O -
\- J
Y/ % RSP ® - ® - C ........
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Small model property for Ssuz10

- ~ .. .
Tidy models Intuitively, we want to pick the necessary % ={[],(TCD)
elements from 2 L(TC OO0}
[1° A° ¢, 05 0;
C,D D D
7[1 ........... ‘. ........ ' ......... . ........
D C,D D
T0y wovvneenens ® - ® - ® -
. y,
Y/ % RSP ® - ® - Q.. ........
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Small model property for Ssuz10

-
Tidy models

Intuitively, we want to pick the necessary

elements from <2°:

e \Withess standpoint non-emptiness

e Witness {);C membership

A ={

I1° A°
C,D

71'1 ...........

...........

«(TED),
«(TC OO}
52 53
D D
® ® ®
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Small model property for Ssuz10

-
Tidy models

Intuitively, we want to pick the necessary

elements from <2°:

e Witness standpoint non-emptiness

m From 2, take one 7 from each s

e Witness {).C membership

K = {

[1° A°
C,D

71'1 ...........

...........

«(TED),
«(TC OO}
52 53
D D
® ® ®
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Small model property for Ssuz10

-
Tidy models
I is tidy if I1 5, contsists of:

o 1. for every standpoint s

Intuitively, we want to pick the necessary

elements from <2°:

e Witness standpoint non-emptiness

m From 2, take one 7 from each s

e Witness {).C membership

A ={

I1° A°
C,D

71'1 ...........

...........

«(TED),
«(TC OO}
52 53
D D
® ® ®
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Small model property for Ssuz10

-
Tidy models
I is tidy if I1 5, contsists of:

o 1. for every standpoint s

Intuitively, we want to pick the necessary

elements from <2°:

e Witness standpoint non-emptiness

m From 2, take one 7 from each s

e Witness {).C membership

e How do we pick withesses?

A ={

I1° A°
C,D

71'1 ...........

...........

«(TED),
«(TEQ.0O)}
52 53
D D
® ® ®
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Small model property for Ssnz0o

C,D D D

7/ SURTERTRPRCRY ® ® ®
D C,D D

TOy coveevennnr ® - ® ®




Reasoning in & #Z ¥ @ with Axiom- and Concept-Level Standpoint Modalities | Page 14

Small model property for Ssuz10

rTidy odels For witnessing {).C membership: % = {1, (T C D),
C O,C
I is tidy if I1 ¢, contsists of: «(TEQO)
o 1, for every standpoint s [’ A% 6, 6, 6 -
C,D D D
7[1 ........... o - o @O -
Dl C.D D
N - S ® @
- J

...........
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Small model property for Ssuz10

Tidy models For witnessing {).C membership:

‘% — { *( — D)a
Y is tldy If H% contsists of: e A witness for each named individual a *( — O*C)}
e 1, for every standpoint s " A% o 0 03 -
o 1’ . foreach {).C anda
ﬂS,C <>S Ty oo C’D‘ ....... D ® Da
D C,D D
Ty oovnvennrs ® - ® YO
N y
Y/ % RSP ® - ® - 9‘ ........
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Small model property for Ssuz10

Tidy models For witnessing {).C membership:

e A withess for each named individual a (T E O*C)}

I is tidy if I1 5, contsists of:

o 7 forevery standpoints | o For unnamed individuals:

. 7¢foreach {);Cand a CD 5 b
’ 71'1 ........... ‘. ........ ' .................
pl c.p D
TOy eeeennnnn ® - ® - ®
\_ )
C
Y/ % RSP ® - ® - ® -
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Small model property for Ssuz10

' Tidy models For witnessing {).C membership: K = {1, (

D is tidy if 1, contsists of:| * Awitness for each named individual a «(TE OO}

o 7 forevery standpoints | o For unnamed individuals:

. 7¢foreach {);Cand a CD 5 b
’ 71'1 ........... ‘. ........ ' ......... ' ........
pl c.p D
TOy eeeennnnn ® - ® - ®
\_ _J
C
Y/ % RSP ® - ® - ® -

< in SHIQ, the disjoint union of two or more models will be a model again

< many precisifications can co-exist inside one precisification!
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Small model property for Ssuz10

-
Tidy models

For witnessing {).C membership: % ={[,(TCD)
D is tidy if I1, contsists of:| * A witness for each named individual a «(TEO,0)
* 7 forevery standpoints | o For ynnamed individuals: IPA% 0 0 &
« 7 foreach OsCand a = Squeeze infinite copies of all s precisifications STRCN:? U7 SO SO
. szc, stlc for each ();C = Arrange them so for each 0, either 7Z'SOC or ﬂslc - 23 ) S
> ’ ” ’ »JREEREEREREE] AEEEEEREY EEREEEREE IEEEEERE
- / deals with the {).C membership
Y/ % RSP ® - ® - 9‘ ........

< in SHIQ, the disjoint union of two or more models will be a model again

< many precisifications can co-exist inside one precisification!
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Small model property for Ssnz0o

K = { Oep (Allergy C AntibodyRelease),

gp (Allergy £ = 1Sensitivity To . Substance),
p (Allergy C 3TriggeredBy . {pAllergy)}

AR,
JAllergyg . ® ®
! TriBy
ED AR,
7w, ... @3enTle
TriBy
Sub
Y/ % RSP ‘\'/u,'
Senslo
GP{ %4 ........... ® - ® O
Allergy Sub
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Small model property for Ssnz0o

K = { Oep (Allergy C AntibodyRelease),

gp (Allergy £ = 1Sensitivity To . Substance),
p (Allergy C 3TriggeredBy . {pAllergy)}

Allorgy :

IS L1 7 Y S ®
TriBy

=0 Allorgy b

T, N g....... @%nTElg
TriBy

Sub

Y/ % RSP Qo Q50
Senslo

GP{ %4 ........... ® - ® O

Allergy Sub
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Small model property for Ssnz0o

K = { Oep (Allergy C AntibodyRelease),
gp (Allergy £ = 1Sensitivity To . Substance),

p (Allergy C 3TriggeredBy . {pAllergy)}

AR A <6,,0> <56,,0> <8;,,0>
Allergy

AP P S ®
TriBy

=0 Allorgy b

T, N g....... @%nTElg
TriBy

Sub

Y/ % RSP Qo Q50
Senslo

GP{ %4 ........... ® - ® O

Allergy Sub
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Small model property for Ssnz0o

K = { Oep (Allergy C AntibodyRelease),
gp (Allergy £ = 1Sensitivity To . Substance),

p (Allergy C 3TriggeredBy . {pAllergy)}

A <6,,0> <6,,0> <6,0> <6,1> <8,,1> <5;,1>

AR,
JAllergyg . ® ®
! TriBy
ED AR,
7w, ... @3enTle
TriBy
Sub
Y/ % RSP ‘\./u,‘
Senslo
GP{ %4 ........... ® - ® O
Allergy Sub
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Small model property for Ssnz0o

F = { Lep (Allergy T
cp (Allergy C
ep (Allergy C
I A 5 65 &
Allorgy
7 A erg.y.:.%._..... ......... ®
riBy
ED AR,
7w, ... @3enTle
TriBy
7 Sub
CIERRERRRRPRE ‘,\./‘,.
Senslo
GP{ %4 ........... ® - ® O
RNy enenn.... ’Allergy’\siti’

AntibodyRelease),
= 1SensitivityTo . Substance),

ITriggeredBy . OpAllergy)}

A <6,,0> <6,,0> <6,0> <6,1> <6,,1> <8,1> <6,,2> <5,,2> <5;,2>
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Small model property for Ssnz0o

F = { Lep (Allergy T
cp (Allergy C
ep (Allergy C
I A 5 65 &
Allorgy
ergy
JTq revveeeeo2 ‘ ........ ‘ ......... .
! TriBy
ED AR,
7w, ... @3enTle
TriBy
7 Sub
CIERRERRRRPRE ‘,\./‘,.
Senslo
GP{ %4 ........... ® - ® O
RNy enenn.... ’Allergy’\siti’

AntibodyRelease),
= 1SensitivityTo . Substance),

ITriggeredBy . OpAllergy)}

A <01,0> <6,,0> <03,0> <6,1> <0,,1> <63,1> <61,2> <0p,2> <83,2> <01,3> <0,5,3> <03,3>
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Small model property for Ssnz0o

K = { Oep (Allergy C AntibodyRelease),
gp (Allergy £ = 1Sensitivity To . Substance),

p (Allergy C 3TriggeredBy . {pAllergy)}

AR A <01,0> <6,,0> <03,0> <61,1> <0,,1> <05,1> <61,2> <0p,2> <83,2> <0,3> <0,,3> <03,3>...
LAlergyl
! TriBy
=D Al o b
T, N g....... @%nTElg
TriBy
Sub
Y/ % RSP ‘\./u,‘
Senslo
GP{ %4 ........... ® - ® O
Allergy Sub
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Small model property for Ssnz0o

F = { Lep (Allergy T
ap (Allergy C
=p (Allergy C
I’ A 5 8 6
Allorgy
Ty e ?.rg.l'w ......... ®
riBy
ED AR,
7w, ... @3enTle
TriBy
7 Sub
CIERRERRRRPRE ‘,\./‘,.
Senslo
GP{ %4 ........... ® - ® O
RNy enenn.... ’Allergy’\Siti’

AntibodyRelease),
= 1SensitivityTo . Substance),

ITriggeredBy . OpAllergy)}

11

ED 3 TTED

igp

0
GP{ %G P,Allergy

1
tig P,Allergy

A <6,,0> <6,,0> <85;,,0> <5,1> <6,,1> <85,1> <6.,2> <5,2> <8,2> <6;,3> <6,3> <86,3>...
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Small model property for Ssuz10

K = { Oep (Allergy C AntibodyRelease),
gp (Allergy £ = 1Sensitivity To . Substance),

p (Allergy C 3TriggeredBy . {gpAllergy) }

AR I1 A <6.,0> <5,,0> <85;,,0> <6,1> <6,,1> <85,1> <6.,2> <86,,2> <8,2> <6,,3> <6,3> <8,,3>...
: (Allergys .. ® . ® AR, AR, AR, AR.
TriBy ED 3 TED ”Al.l.e.r.g.)./' ........ ® - ® .A.Il.e.r.gyw. ........ ® Al.l.e.rgy.w. ........ ..A'!E.’rg)’. ...... @ ®
=D A||e¢\§)} SenSub TriBy TriBy TriBy TriBy
][2 ........... uen ..... .
TriB
g Sub TGP
u
Y/ % RSP Qo Q50
Senslo .
GP( 7,
GP{ %4 ........... ® - ® - O GP.Allergy
Aller Sub 1
]TS ........... ’ ...... g. YM ]TG P,Allergy
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Small model property for Ssuz10

_ : f(m,d,k),g(m,d,k)
K = { ED (AIIergy L AntlbodyReIease), II Al k=0 k=1 k=2 k=3
gp (Allergy £ = 1Sensitivity To . Substance), 0, | m,0  m,1  m,2 w3
p (Allergy C 3TriggeredBy . {gpAllergy) } ED 02 | m,0  m, m,2 | 71,3
03 | m,0 1,2 71,3
01 | m1,0 7y, Ty, 2 | T4, 3
TGP 02 | 74,0 Ty, T4,2 T4, 3
03 | m1,0 g, T4,2 | T4, 3
[1° A% 9§, 0 O3
AR I1 A <6.,0> <5,,0> <85;,,0> <6,1> <6,,1> <85,1> <6.,2> <86,,2> <8,2> <6,,3> <6,3> <8,,3>...
7, AT T YR ® AR, AR, AR, AR.
D AR TriBy ED 3 TED ”Al.l.e.r.g.y' ........ ® @ A !l.e.r.gyw. ........ ® Al.l.e.rgy.w‘ ........ ..A”?fg}'w ........
Allergy Sub TriBy TriBy TriBy TriBy
Ty oS, He........@ g
TriBy
Sub TGP e ® @ Q@ ® - ® @ - Y YT W ® - ® . . ® ...
Y/ % RSP Q0
Senslo .
GP{ %,
GP{ %4 ........... ® - ® - O GP.Allergy
Aller Sub 1
]TS ........... ’ ...... g. }INL’ ]TG P,Allergy
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Small model property for Ssuz10

K

{

...........

...........

...........

ep (Allergy
cp (Allergy
ep (Allergy

AntibodyRelease),
= 1SensitivityTo . Substance),

ITriggeredBy . OpAllergy)}

I1
ED 3 TED
igp
0
GP ﬂGP,AIIergy

1
g P,Allergy

f(ﬂ'a‘s, k),g(ﬂ',(S, k)
I1 A | k=0 k=1 k=2 k=3
01 | m3,0 my,0 m5,0 3,1
W?;P,Allergy 02 3, 0 75, 0 T4, 0 s, 1
63 m3, O T4, O 5, O m3, 1
01 | 3,0 T4, 0 5, 0 73, 1
WCI;P,Allergy 02 5, 0 73, 0 s, 1 T4, 0
63 3, O T4, O 5, O m3, 1

A <6.,0> <5,,0> <85;,,0> <6,1> <6,,1> <85,1> <6.,2> <86,,2> <8,2> <6,,3> <6,3> <8,,3>...

AR, AR, AR, AR,
: Al.loe.r.g.y' ........ ® - ® Al I.e.r.gyw. ........ o Al.l.e.rgy.w‘ ........ ..A”?fg)'w. ........ o
TriBy TriBy TriBy TriBy
......... Q@ @ Q@@ @ e @ @ @ e @
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Small model property for Ssuz10

_ : f(m,d,k),g(m,0,k)
K = { Oep (Allergy C AntibodyRelease), I Alk=0 k=1 k=2 k=3
gp (Allergy £ = 1Sensitivity To . Substance), 6p | 73,0 m,0  ws5,0 w31
. 0

p (Allergy C 3TriggeredBy . OgpAllergy)} TGP allergy 02 | 73,0 [75,0 0 74,0 s, |

63 3, 0 T4, 0 5, 0 3, |

01 | 73,0 my,0 m5,0 w31

WCI;P,Allergy 02 5, 0 73, 0 s, 1 T4, 0

63 3, 0 T4, 0 5, 0 3, 1

AR I1 A <6.,0> <5,,0> <85;,,0> <6,1> <6,,1> <85,1> <6.,2> <86,,2> <8,2> <6,,3> <6,3> <8,,3>...
Allersy Allersy Allergy Allorsy
a7 ® - @ Bl ... @ ......e.rgy.w‘ ........ 0 g ......@ - ®
TriBy TriBy TriBy TriBy
......... e @ - @ Q@ Q@@ ® @ @ Q- @
Serfé"l‘o\-...._ ----------------- o
GP 72.4 ........... ‘ ........ ........‘i‘:.‘_.....G..F.). ﬂGP,A”ergy..—::-.'.'.'.':‘ ............................................................. N T N N I I I Iy
Aller Sub 1 T
7[5 ........... ’ ...... g. }IM ]TGP,A”ergy........‘.’ ............................................................. cesscccsmmefocsccccscccc|foccsscsccccboccccsscedeccccccccchoceos
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Small model property for Ssuz10

_ : f(m,d,k),g(m,0,k)
K = { Oep (Allergy C AntibodyRelease), I Alk=0 k=1 k=2 k=3
gp (Allergy £ = 1Sensitivity To . Substance), 61 | 73,0 m,0  ws5,0 w31
. 0

p (Allergy C ITriggeredBy . OpAllergy)} TGP allergy 02 | 73,0 [ 75,0 74,0 s, |

63 3, 0 T4, 0 5, 0 3, |

01 | m3,0  m,0 75,0 w3, 1

WCI;P,Allergy 02 5, 0 73, 0 s, 1 T4, 0

63 3, 0 T4, 0 5, 0 3, 1

AR I1 A <6.,0> <5,,0> <85;,,0> <6,1> <6,,1> <85,1> <6.,2> <86,,2> <8,2> <6,,3> <6,3> <8,,3>...
/5 A”ergyu """"" ® AR, AR, AR, AR,
£D AR TriBy ED 3 D ”Al.l.e.r.g.y' ........ ® ® .A.Il.e.r.gyw. ........ ® Al.l.e.rgy.w‘ ........ ..A”?fg)'w. ........ ®
Allergy SenSub TriBy TriBy TriBy TriBy
][2 ........... .\_/v‘ 2ENSTO- .
TriBy
— TGP e ® - - e - Q- .- ® - - ® - - o - 9 ® - ® - - ® - ® - 9
| e QO /,,‘
Senslo | | "ol . Al
GPE-TAp Allaraur-eevveen @ Y@ ... o
GPl 74 ... ® ... ® .. ... ® G.Allergy ) AR ¢
Aller Subt T L e
7[5 ........... ’ ...... g. YM ]TGP,A”ergy ......... ’.......:’. ................................................................................................
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Small model property for Ssuz10

_ : f(m,d,k),g(m,0,k)
K = { Oep (Allergy C AntibodyRelease), I Alk=0 k=1 k=2 k=3
gp (Allergy £ = 1Sensitivity To . Substance), 61 | 73,0 m,0  ws5,0 w31
. 0

p (Allergy C 3TriggeredBy . OgpAllergy)} TGP allergy 02 | 73,0 [m5,0 0 74,0 s, |

63 3, 0 T4, 0 5, 0 3, |

01 | m3,0  m,0 75,0 w3, 1

WCI;P,Allergy 02 5, 0 73, 0 s, 1 T4, 0

63 3, 0 T4, 0 5, 0 3, 1

AR I1 A <6.,0> <5,,0> <85;,,0> <6,1> <6,,1> <85,1> <6.,2> <86,,2> <8,2> <6,,3> <6,3> <8,,3>...
/5 A”ergyu """"" O AR, AR, AR, AR,
D AR TriBy ED 3 D ”Al.l.e.r.g.y' ........ ® ® .A.Il.e.r.gyw. ........ ® Al.l.e.rgy.w‘ ........ ..A”?fg)'w. ........ ®
Allergy SenSub TriBy TriBy TriBy TriBy
][2 ........... ‘\_’v‘en ..... .
TriBy
— TGP veevennn. ® - - e - Q. . -....- ® - - ® - - o - @ ® - ® - - ® .- ® - O
| e @ @@\
Senslo o U it Sub
GP( 7T DALY/ Wte: e I I TS O S Y AU
GP({ 74 ........... ® . - ® - O Sl ‘“%_O BE ¢
Aller Sub 1 TTsub
7[5 ........... ’ ...... g. }IM ]TGP,A”ergy ......... N..’-..J‘.’......m. ............................... D T P P P

Senslo
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Small model property for Ssuz10

_ : f(m,é, k),g(ﬂ',(S, k)
K = { Oep (Allergy C AntibodyRelease), I Alk=0 k=1 k=2 k=3
gp (Allergy £ = 1Sensitivity To . Substance), 6, | m3,0 w0 w50 w1
0
p (Allergy C 3TriggeredBy . {gpAllergy) } TGpallergy 92 | 73,0 | @50 m,0 [, |

63 m3, O T4, O 5, O m3, 1

01 | m3,0 w4, O s, 0 s, 1
1
TGP,Allergy 02 5, 0 73, 0 s, 1 T4, 0

63 m3, O T4, O 5, O m3, 1

AR I1 A <6.,0> <5,,0> <85;,,0> <6,1> <6,,1> <85,1> <6.,2> <86,,2> <8,2> <6,,3> <6,3> <8,,3>...
I TRTA LA WY YO O AR, AR, AR, AR,
A TriBy ED 3 D ”Al.l.e.r.g.y' ........ ® ® .A.Il.e.r.gyw. ........ ® Al.l.e.rgy.w‘ ........ ..A”?fg}'w. ........ ®
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Underlying idea introduced in:
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Lucia Gomez Alvarez, Sebastian Rudolph, Hannes StraR; (ISWC 2022)

e “Simulate” the n precisifications by means of a plain DL interpretation with
 the same domain
e the vocabulary of concepts and roles copied n-fold.

encoded by

o carries concept C in the kth precisification o carries the kth copy of C.
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Complexity of Ss470

Theorem 7. Any satisfiable S SHIO knowledge base in NNF has a tidy model.

Theorem 8 . Givena S SHIO knowledge base K in NNF, the SHZL QO knowledge base Trans(K)
(i) is equisatisfiable with K,
(ii) is of polynomial size wrt. K, and

(iii) can be computed in polynomial time.

Corollary 9 . Satisfiability and statement entailment in Sgq,1 o are EXPTIME-complete
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Conclusions and Future Work

Recap:
= Managing perspectives is interesting in knowledge integration scenarios

= Reasoning with Standpoint SHZ Q has the same complexity as with plain SHZ Q
= Tidy models allow for implementation of translations & relying on highly optimised reasoners

= Nominals destroy the small model property

Future Work:
= |mplementation of the translation and integration with existing reasoners

= Reasoning with more expressive languages (eg. C2, which subsumes a lot of OWL)

= Towards conceptual modelling with standpoints for knowledge integration challenges






