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First-Order Standpoint Logic: Semantics

Semantics of S
Relational semantics: €1 € A
4

M= (A11,0,7)
P
A= {61,62} Ny I:IBP(CZ) ........ @ e ® TT,
o — R
l_I(R) {ﬂl; 7[29 7[3}} . % = ORID(CZ) A\ OR_Ip(a) ........ .]9\/’ ......... 7T 9
e O — 1, 7y 7 B
. P

.G(B): {7[2,7[3} ‘%I:DRVXP(X)_)(H)’ r(-xay)) ........ panrannanannannaos QI %!
'}/(71'1) — (p — Qa)

*Rigid domains and constants €, =a

Remark: The semantics of standpoint logic can also be expressed
In standard Kripke (relational) semantics.
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2. []y(Vx Tumor(x) — Process(x))

3., (Vx Tumor(x) — Tissue(x))

4. L<S A HZS




How to Agree to Disagree: Managing Ontological Perspectives using Standpoint Logic | Page 10

Knowledge Integration - Standpoint Logic

1.[]g(—dx Process(x) A Tissue(x))

2. []y(Vx Tumor(x) — Process(x))

3., (Vx Tumor(x) — Tissue(x))

4. L<S A HZS




How to Agree to Disagree: Managing Ontological Perspectives using Standpoint Logic | Page 10

Knowledge Integration - Standpoint Logic

1.[s(—3x Process(x) A Tissue(x)) 5. Vx {s(Tumor(x) A Object(x)) — [ Tumor(x)

2. []4(Vx Tumor(x) — Process(x))

3., (Vx Tumor(x) — Tissue(x))
4.L<S A HZS




How to Agree to Disagree: Managing Ontological Perspectives using Standpoint Logic | Page 10

Knowledge Integration - Standpoint Logic

1.[s(—3x Process(x) A Tissue(x)) 5. Vx {g(Tumor(x) A Object(x)) — [, Tumor(x)
2. [1y(Vx Tumor(x) — Process(x)) 6. Vx [, (dy productOf(x,y) A Tumor(y)) < QLTumor(x)

3., (Vx Tumor(x) — Tissue(x))

4. L<S A HZS




How to Agree to Disagree: Managing Ontological Perspectives using Standpoint Logic | Page 10

Knowledge Integration - Standpoint Logic

1.[s(—3x Process(x) A Tissue(x)) 5. Vx {s(Tumor(x) A Object(x)) — [ Tumor(x)
2. [1y(Vx Tumor(x) — Process(x)) 6. Vx [, (dy productOf(x,y) A Tumor(y)) < QLTumor(x)
3., (Vx Tumor(x) — Tissue(x)) 7. Vx [, Tissue(x) = [, Tissue(x)

4.L<S A HZS



How to Agree to Disagree: Managing Ontological Perspectives using Standpoint Logic | Page 10

Knowledge Integration - Standpoint Logic

1.[s(—3x Process(x) A Tissue(x)) 5. Vx {s(Tumor(x) A Object(x)) — [ Tumor(x)
2. [1y(Vx Tumor(x) — Process(x)) 6. Vx [, (dy productOf(x,y) A Tumor(y)) < QLTumor(x)
3., (Vx Tumor(x) — Tissue(x)) 7. Vx [, Tissue(x) = [, Tissue(x)

4. L<S A HZS

8. (}S(Patient(pl) A HasPart(pl,a) A Tumor(a) A Object(a))



How to Agree to Disagree: Managing Ontological Perspectives using Standpoint Logic | Page 10

Knowledge Integration - Standpoint Logic

1.[s(—3x Process(x) A Tissue(x)) 5. Vx {s(Tumor(x) A Object(x)) — [ Tumor(x)
2. [1y(Vx Tumor(x) — Process(x)) 6. Vx [, (dy productOf(x,y) A Tumor(y)) < QLTumor(x)
3., (Vx Tumor(x) — Tissue(x)) 7. Vx [, Tissue(x) = [, Tissue(x)

4.L<S A HZS

8. (s(Patient(p1) A HasPart(p1,a) A Tumor(a) A Object(a)) A/
I1



1.
2.
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Decidability and Complexity

Goal: Understanding computational cost of reasoning with standpoint-KR languages

We consider fragments of FOSL.

Important distinction: how much do standpoint operators and quantifiers interleave?

* Sententia

* Monoao

IC

* Beyond monodic, modal logics easily become undecidable

 fragments often preserve complexity, but have limitations
+ liberal use of

fragments have important applications in knowledge integration

modal operators
+ technically challenging

Beyond: Vx 3y [, (p(x,))

Sentential Fragments: [ ]| Vx3dy ( p(x, y))




Sentential Fragments

Sentential Fragments: [ ]| Vx3dy ( p(x, y))
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2.O7[TI AQRIT]

<
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Sentential Fragments

Sentential First Order Standpoint Logic (FOSL):

Definition (Sentential formula):
Let ¢ be a formula of FOSL. We say that ¢ is sentential iff for all subformulas of ¢ of the form [],y, all variables

occurring in y are bound by a quantifier.

s [Vx Tumor (x)— (Process(x) V Tissue(x))] Q

<

2.O07r[TIAQRIT]

3.VxOp[Tissue(x)]—0O+[Tissue(x)]

X

Theorem (Small Model Property):
A sentential FOSL formula ¢ is satisfiable iff it has a model with at most | ¢ | precisifications. That is, for

sentential FOSL, satisfiability and I¢pl-satisfiability coincide.
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Sentential Fragments

(n-)Equisatisfiable Translation to Plain FOL

Trans, (@) = N, e trans,(m, @) A\ cpp *

tI‘aIISn(ﬂ' P(tl,... tk)) —= P (tl,... tk)

trans, (m, ") = —trans, (7, ¥)

trans,, (7, Yz

/
trans,, (7,

Vx(trans,(m, 1))
Nrem (transg(m,e) — trans, (m, 1))

)

trans,, (7, Y1 Ag) = trans, (m, Y1) Atrans,(m, )
) =
e P) =

transg (m, s -

transg (m,e; U ey) = transg(m,eq) V transg(m, e3)

) =
) =
transg (m,e; Ney) = transg(m,e1) A transg(m, es)
transg (m,e1 \ e2) = transg(m,e1) A —transg(m, e2)
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Sentential Fragments

(n-)Equisatisfiable Translation to Plain FOL Example: ¢ = -Orp(a) A Orne p(a)

Trans, (@) = N, e trans,(m, @) A\ cpp *

trans, (m,P(t1,...,tx)) = Pr(t1,...,tk)

trans, (m, ") = —trans, (7, ¥)

trans,, (7, Yz

/
trans,, (7,

Vx(trans,(m, 1))
Nrem (transg(m,e) — trans, (m, 1))

)

trans,, (7, Y1 Ag) = trans, (m, Y1) Atrans,(m, )
) =
e P) =

7T

transg (7w, e1) V transg (7, es)

transg (m, s
transg (7, e; U eg

transg (m,e; Ney) = transg(m,e1) A transg(m, es)

) =
) =
) =
) =

transg (m,e1 \ e2) = transg(m,e1) A —transg(m, e2)
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Sentential Fragments

(n-)Equisatisfiable Translation to Plain FOL Example: ¢ = -Orp(a) A Oras p(a)
T L t /\ Tran83(¢) — |
rans, (¢) = /\Wenn rans, (7, @) /\WEHn s —((Ry = py(a)) A (Ry = py(a)) A (Rg — ps(a)))

A\

trans, (7, P(t1,...,tx)) = Pr(t1, ..., tx) (((R1 A B1) = pi(a)) A ((R2 A B2) = pa(a)) A ((Rs A Bz) = ps(a)))
A\

trans,, (7w, -

trans,, (7, 11 A Y9
trans,, (7, Yz

/

= —trans,, (7, ¥)
= trans, (7, 1) Atrans, (7, ¥2)
Vx(trans,(m, 1))

/\wel‘!n (transg (7, e) — trans,(m,Y))

*1 /\ %9 /\*3,

)
)
) =
e P) =

trans,, (7,

transg (m,s) = s,

transg (m,e; U ey) = transg(m,eq) V transg(m, e3)

) =
) =
transg (m,e; Ney) = transg(m,e1) A transg(m, es)
transg (m,e1 \ e2) = transg(m,e1) A —transg(m, e2)
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Sentential Fragments

(n-)Equisatisfiable Translation to Plain FOL

Transn(qﬁ) — /\ﬂ-eﬂn tI‘aIlSn(ﬂ', ¢) A /\weﬂn s

trans, (m,P(t1,...,tx)) = Pr(t1,...,tk) (((R1 A B1) = p1(a)) A

trans,, (7w, -

trans,, (7, 11 A Y9
trans,, (7, Yz

/

= —trans,, (7, ¥)
= trans, (7, 1) Atrans, (7, ¥2)
Vx(trans,(m, 1))

/\wel‘!n (transg (7, e) — trans,(m,Y))

)
)
) =
e P) =

trans,, (7,

transg (m,s) = s,

transg (m,e; U ey) = transg(m,eq) V transg(m, e3)

) =
) =
transg (m,e; Ney) = transg(m,e1) A transg(m, es)
transg (m,e1 \ e2) = transg(m,e1) A —transg(m, e2)

Example: ¢ = -

=((Ry = p1(a))

rp(a) A Orne p(Q)

Tran83 (¢) —

A (R2 = pa(a)) A (Rs — p3(a)))

((R2 A Bz) = pa(a)) A ((Rs A B3) —p3(a)))

*1 /\ %9 /\*3,

FOL model



How to Agree to Disagree: Managing Conceptual Diversity using Standpoint Logic | Page 15

Sentential Fragments

(n-)Equisatisfiable Translation to Plain FOL
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= trans, (7, 1) Atrans, (7, ¥2)
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/\wel‘!n (transg (7, e) — trans,(m,Y))

)
)
) =
e P) =

trans,, (7,

transg (m,s) = s,

transg (m,e; U ey) = transg(m,eq) V transg(m, e3)

) =
) =
transg (m,e; Ney) = transg(m,e1) A transg(m, es)
transg (m,e1 \ e2) = transg(m,e1) A —transg(m, e2)

Example: ¢ = -

=((Ry = p1(a))

rp(a) A Orne p(Q)

Tran83 (¢) —

A (R2 = pa(a)) A (Rs — p3(a)))

((R2 A Bz) = pa(a)) A ((Rs A B3) —p3(a)))

*1 /\ %9 /\*3,
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Sentential Fragments

(n-)Equisatisfiable Translation to Plain FOL Example: ¢ = -Orp(a) A Oras p(a)
T L t /\ Tran83(¢) — |
rans, (¢) = /\Wenn rans, (7, @) /\WEHn s —((Ry = py(a)) A (Ry = py(a)) A (Rg — ps(a)))

A\

trans, (7, P(t1,...,tx)) = Pr(t1, ..., tx) (((R1 A B1) = pi(a)) A ((R2 A B2) = pa(a)) A ((Rs A Bz) = ps(a)))

A\

= —trans,, (7, ¥)
= trans, (7, 1) Atrans, (7, ¥2)

trans,, (7w, -
trans,, (7, 11 A Y9

*1 /\ %9 /\*3,

)
)

trans, (m, Vzy) = Va(trans, (7, 1))
) =

/
trans,, (7,

Nrcm. (transg(m,e) — trans,(m, 1)) p 1 Ry 7B

transg (m,s) = s,

) =

transg (m,e; U ey) = transg(m,eq) V transg(m, e3) P3 *, Ry By

transg (m,e; Ney) = transg(m,e1) A transg(m, es)
) =

transg (m,e1 \ e2) = transg(m,e1) A —transg(m, e2)

FOL model
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Sentential Fragments

(n-)Equisatisfiable Translation to Plain FOL

Trans,, (¢)

trans, (m,P(t, ..

trans,, (7w, -

trans,, (7, 11 A Y9
trans,, (7

)

)
V) =
trans,, (7', Je ¢) =

transg (m, s
transg (7, e; U eg
transg (7, e1 N eg
transg (m,e; \ eo

Example: ¢ = ~Orp(a) A Orne p(a)

Tran83(¢) —
Arem, transn(m, @) A Nre, * ~(Ry = (@) A (Ro = pa(@)) A (Ry - p3(a)
A
L tk)) =Pr(ty, ..., tg) (((R1 A B1) = pi(a)) A ((R2 A B2) = pa(a)) A ((Rs A Bs) = p3(a)))
= —trans, (7, ¥) o A A */\
= trans, (7, 1) Atrans, (7, ¥2) €1 Aé U

Vx(trans,(m, 1))

Nrcm, (transg(m, e) — trans,(m,v)) SURRISOTN: 00 SUURURIRIOS 7 —p, *1 Ry ~B;
Y=s;, e p‘ ............. 1, R . ae P2 ™ R, B,
) = transe (r, e1) V transe (, e P B P %y R, B
) = transg(m, e1) A transg (7, es)

) = transg(m,e1) A —transg (m, e2) !
FOSL model FOL model
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Sentential Fragments

(n-)Equisatisfiable Translation to Plain FOL

Example: ¢ = -

Rp(a) A\

RNB P(a)

Trans,, (¢)

trans, (m,P(tq,...

trans,, (7w, -

)
trans,, (m, Y1 A o)
) =
) =

, VI

trans,, (7

/
trans,, (7,

transg (m, s

) =
transg (m,e1 Ueg) =
transg (m,e; Ney) =

) =

transg (m,e; \ eo

279

/\weﬂn trans, (7, @) A /\Weﬂn *

=P (tl, e
—trans,, (7, V)

7tk)

Tran83 (¢) —

(R2 = pa(a)) A (R3 —ps(a)))
A\

((Rs A B3) = p3(a)))
N\
*1 A\ *9 A\ *3,

=((R1 = p1(a)) A

(((Ry A B1) = pi(a)) A (Rz A Bz) = pa(a)) A

= trans, (m, Y1) Atrans, (7, ¥2) 1 A

Vz(trans,(m,¢)) | | e

Nrcm, (transg(m, e) — trans,(m,v)) e B 7 —p, *1 Ry ~B;
............. Pl e NG ae P2 %, R, B,

_

transg(, e1) V transg (, e3) SSSSRONNE A0 SR n §° P ¥3 7R By

transg(m, e;) A transg (7, ez) Ve :

transg(m,e1) A —transg (m, e2) ! :
FOSL model FOL model
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Sentential Fragments

(n-)Equisatisfiable Translation to Plain FOL

Trans, (@) = N, e trans,(m, @) A\ cpp *
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trans,, (7, Vi
trans,, (7,

Vx(trans,(m, 1))
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) =
eY) =
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Sentential Fragments

(n-)Equisatisfiable Translation to Plain FOL

Trans, (¢) = N,cp. trans,(m, @) A N\ cip *nr, Lemma:
A formula ¢ is n-satisfiable in FOSL if and only if

transy, (m,P(t1,...,tk)) = Px(t1,...,tx) Trans (@) is satisfiable in first-order logic.

= —trans, (7, V)

)
trans, (m, Y1 Ag) = trans,(m, 1) Atrans, (m, 1)
trans, (7, Vxy) = Vx(trans,(m, 1))
e P) =

trans, (7,

/
trans,, (7,

/\weﬂn (transg (7, e) — trans,(m,Y))

transg (m, s -

) =

transg (m,e; U ey) = transg(m,eq) V transg(m, e3)

transg (m,e; Ney) = transg(m,e1) A transg(m, es)
) =

transg (m,e1 \ e2) = transg(m,e1) A —transg(m, e2)
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Sentential Fragments

(n-)Equisatisfiable Translation to Plain FOL

Trans, (¢) = N,cp. trans,(m, @) A N\ cip *nr, Lemma:
A formula ¢ is n-satisfiable in FOSL if and only if

transy, (m,P(t1,...,tk)) = Px(t1,...,tx) Trans (@) is satisfiable in first-order logic.

= —trans, (7, V)

)

trans,, (w, Y1 A o) = trans, (m, ¥1) A trans, (m, Ys)

trans, (7, V1) = Vz(trans, (m,¥)) Theorem:
) =

trans, (7,

/
trans,, (7,

A.cp. (transg(m,e) — trans,(m,)) Let F be a "translation-friendly" fragment of FOL.

Then the satisfiability of the sentential
0 standpoint-F fragment of FOSL,
transg(m,e1) V transg (m, e2) e is decidable iff it is for F, and

¢ has the same complexity as F' (if at least NP)

transg (7, s
transg (7, e; U eg

transg (m,e; Ney) = transg(m,e1) A transg(m, es)

) =
) =
) =
) =

transg (m,e1 \ e2) = transg(m,e1) A —transg(m, e2)
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Decidable Sentential Framgments

e By small model property and generic translation, complexity of decidable fragments is preserved:

= S Guarded fragment (GF) — 2ExpTime

= S Triguarded fragment (TGF) — 2NExpTime

= S Counting 2-variable fragment (C2) — NExpTime

= Standpoint OWL 2 — 2NExpTime (some extra tricks required)
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Decidable Sentential Framgments

e By small model property and generic translation, complexity of decidable fragments is preserved:

= S Guarded fragment (GF) — 2ExpTime

= S Triguarded fragment (TGF) — 2NExpTime

= S Counting 2-variable fragment (C2) — NExpTime

= Standpoint OWL 2 — 2NExpTime (some extra tricks required)

e Result via polynomial equisatisfiable translation — practical implementations

Proprietary Standpoint OWL Reasoner

@SL\ Answer:

Equisatisfiable Translation O HermiT

plainOWL OWL Reasoners FaCT++



Monodic Fragments

Monodic Fragments: Vx| | dy (p(x, y))
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Monodic Standpoint Description Logics
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Monodic Standpoint Description Logics

Monodic modal extensions of DLs can lead to a blowup in complexity.

Tractable Diversity: Scalable Multiperspective Ontology Management via Standpoint &%
Lucia Gomez Alvarez, Sebastian Rudolph, Hannes StraRR; (IJCAI 2023)

Pushing the Boundaries of Tractable Multiperspective Reasoning: A deduction calculus for Standpoint & £+
Lucia Gomez Alvarez, Sebastian Rudolph, Hannes StraB; (KR 2023)
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Lucia Gomez Alvarez, Sebastian Rudolph, Hannes StraRR; (IJCAI 2023)

Pushing the Boundaries of Tractable Multiperspective Reasoning: A deduction calculus for Standpoint & £+
Lucia Gomez Alvarez, Sebastian Rudolph, Hannes StraB; (KR 2023)

= Complexity of the satisfiability of Standpoint-&£+ — PTime (deduction calculus)
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Lucia Gomez Alvarez, Sebastian Rudolph, Hannes StraRR; (IJCAI 2023)

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 (deduction calculus)
= Tractability is easily lost:



How to Agree to Disagree: Managing Conceptual Diversity using Standpoint Logic | Page 20

Monodic Standpoint Description Logics

Monodic modal extensions of DLs can lead to a blowup in complexity.

Tractable Diversity: Scalable Multiperspective Ontology Management via Standpoint &%
Lucia Gomez Alvarez, Sebastian Rudolph, Hannes StraRR; (IJCAI 2023)

Pushing the Boundaries of Tractable Multiperspective Reasoning: A deduction calculus for Standpoint & £+
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= Tractability is easily lost:

- Empty standpoints — NP-hard
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Monodic Standpoint Description Logics

Monodic modal extensions of DLs can lead to a blowup in complexity.

Tractable Diversity: Scalable Multiperspective Ontology Management via Standpoint &%
Lucia Gomez Alvarez, Sebastian Rudolph, Hannes StraRR; (IJCAI 2023)

Pushing the Boundaries of Tractable Multiperspective Reasoning: A deduction calculus for Standpoint & £+
Lucia Gomez Alvarez, Sebastian Rudolph, Hannes StraB; (KR 2023)

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

- Empty standpoints — NP-hard
- Rigid roles — CoNP-hard
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Monodic Standpoint Description Logics

Monodic modal extensions of DLs can lead to a blowup in complexity.

Tractable Diversity: Scalable Multiperspective Ontology Management via Standpoint &%
Lucia Gomez Alvarez, Sebastian Rudolph, Hannes StraRR; (IJCAI 2023)

Pushing the Boundaries of Tractable Multiperspective Reasoning: A deduction calculus for Standpoint & £+
Lucia Gomez Alvarez, Sebastian Rudolph, Hannes StraB; (KR 2023)

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

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

-Nominal Concepts — ExpTime-hard
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Monodic Standpoint Description Logics
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Monodic Standpoint Description Logics

Monodic modal extensions of DLs can lead to a blowup in complexity.

Reasoning in & # . Q with Axiom- and Concept-Level Standpoint Modalities
Lucia Gomez Alvarez, Sebastian Rudolph; (KR 2024)
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Monodic Standpoint Description Logics

Monodic modal extensions of DLs can lead to a blowup in complexity.

Reasoning in & # . Q with Axiom- and Concept-Level Standpoint Modalities
Lucia Gomez Alvarez, Sebastian Rudolph; (KR 2024)

= Complexity of the satisfiability of Standpoint-& #Z ¥ Q+ — ExpTime-complete
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Monodic Standpoint Description Logics

Monodic modal extensions of DLs can lead to a blowup in complexity.

Reasoning in & # . Q with Axiom- and Concept-Level Standpoint Modalities
Lucia Gomez Alvarez, Sebastian Rudolph; (KR 2024)

= Complexity of the satisfiability of Standpoint-& #Z ¥ Q+ — ExpTime-complete
= Small Model Property (lost with nominal concepts)



Standpoint SHZ O
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The description logic SHZ O

Vocabulary (Ng, Ng, N;) of concept, role, individual names

Syntax: Semantics: Z = (A, 1)
The set of concepts is given by
C:=T|A|-C|C,NnG,|TAr.C|ALnr.C
With A € Np, r € Ny

Substance JdsensitiveTo . Nut S = D 5 5"
Substance M —Dangerous 3 <l1sensitiveTo . Substance e .0 O
Nut Substance
The set of axioms includes: Substance

- GClsandRIAs: CED, RER, R-RLCR
- Assertions: C(a), r(a,b)

(Peanut C Substance) A (EIsensitiveTo . Peanut)(p)
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Towards Standpoint-S HZ O

Vocabulary (Ng, Ng, N;) of concept, role, individual

Syntax:

The set of concepts is given by
C:=T|A|-C|C,NnG,|TAr.C|ALnr.C
With A € Np, r € Ny

Substance JdsensitiveTo . Nut S = D / 5"
Substance M —Dangerous 3 <1sensitiveTo . Substance S O
Nut Substance
The set of axioms includes: Substance

- GClsandRIAs: CED, RER, R-RLCR
- Assertions: C(a), r(a,b)

(Peanut C Substance) (EIsensitiveTo : (}PNU’E)(P)
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Towards Standpoint-S HZ O

Vocabulary (Ns, Ng, N, Ng) of concept, role, individual and standpoint names

Syntax:

The set of concepts is given by
C:=T|A|-C|C,NnG,|TAr.C|ALnr.C
With A € Np, r € Ny

Substance JdsensitiveTo . Nut S = D / 5"
Substance M —Dangerous 3 <1sensitiveTo . Substance S O
Nut Substance
The set of axioms includes: Substance

- GClsandRIAs: CC D, RCR, R-RLR
- Assertions: C(a), r(a,b)

(Peanut C Substance) (EIsensitiveTo : (}PNU’E)(P)
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Towards Standpoint-S HZ O

Vocabulary (Ns, Ny, N;, Ng) of concept, role, individual and standpoint names, * € Ng (universal standpoint).

Syntax:

The set of concepts is given by
C:=T|A|-C|C,NnG,|TAr.C|ALnr.C
With A € Np, r € Ny

Substance JdsensitiveTo . Nut S = D / 5"
Substance M —Dangerous 3 <1sensitiveTo . Substance S O
Nut Substance
The set of axioms includes: Substance

- GClsandRIAs: CED, RER, R-RLCR
- Assertions: C(a), r(a,b)

(Peanut C Substance) (EIsensitiveTo : (}PNU’E)(P)
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Towards Standpoint-S HZ O

Vocabulary (Ns, Ny, N;, Ng) of concept, role, individual and standpoint names, * € Ng (universal standpoint).

Syntax:
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Towards Standpoint-S HZ O

Vocabulary (Ns, Ny, N;, Ng) of concept, role, individual and standpoint names, * € Ng (universal standpoint).
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The set of concepts is given by
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Towards Standpoint-S HZ O

Vocabulary (Ns, Ny, N;, Ng) of concept, role, individual and standpoint names, * € Ng (universal standpoint).

Syntax:

The set of concepts is given by
C:=T|A|-C|CiNG |Ar.C|ALnr.C|O,C
With A € N, r € Ni,s € N5, © € {1, O}

Substance  3JsensitiveTo . Nut (s Dangerous _ / I
. 0=p )
Substance M —Dangerous 3 <1sensitiveTo . Substance S O
Nut Substance
Formulas are ©, (A, A ... A1) for 4. € (&, &}, &: Substance

- GClsandRIAs: CC D, RCR, R-RLR
- Assertions: C(a), r(a,b)

I_(Peanut C Substance) L( dsensitiveTo. (}PNU’E)(P)
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Towards Standpoint-S HZ O

Vocabulary (Ns, Ny, N;, Ng) of concept, role, individual and standpoint names, * € Ng (universal standpoint).

Syntax: Semantics: 9 = (A,I1, 0, y)
The set of concepts is given by
C:=T|A|-C|CiNG |Ar.C|ALnr.C|O,C
With A € N, r € Ni,s € N5, © € {1, O}

Substance  3JsensitiveTo . Nut (s Dangerous _ / I
- O=p %)

Substance M —Dangerous 3 < 1sensitiveTo. Substance S O

Nut Substance

Formulas are O, (4; A ... A4) for A, € {&,7 &}, &: Substance
- GClsandRIAs: CED, RER, R-RLCR

- Assertions: C(a), r(a,b)

I_(Peanut C Substance) L( dsensitiveTo. (}PNU’E)(P)
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Towards Standpoint-S HZ O

Vocabulary (Ns, Ny, N;, Ng) of concept, role, individual and standpoint names, * € Ng (universal standpoint).

Syntax: Semantics: 9 = (A,I1, 0, y)
The set of concepts is given by
C:=T|A|-C|CiNG |Ar.C|ALnr.C|O,C
With A € N, r € Ni,s € N5, © € {1, O}

O=p 0’ 0" A
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Towards Standpoint-S HZ O

Vocabulary (Ns, Ny, N;, Ng) of concept, role, individual and standpoint names, * € Ng (universal standpoint).

Syntax: Semantics: 9 = (A,I1, 0, y)
The set of concepts is given by
C:=T|A|-C|CiNG |Ar.C|ALnr.C|O,C

With A € N, r € Ni,s € N5, © € {1, O} A/
I

Substance ~ JsensitiveTo . Nut (s Dangerous
Substance M —Dangerous 3 <1sensitiveTo . Substance

Substance
Formulas are O, (4; A ... A4) for A, € {&,7 &}, &: Substance

- GClsandRIAs: CC D, RCR, R-RLR
- Assertions: C(a), r(a,b)

I_(Peanut C Substance) L( dsensitiveTo. (}PNU’E)(P)



How to Agree to Disagree: Managing Conceptual Diversity using Standpoint Logic | Page 24

Towards Standpoint-S HZ O

Vocabulary (Ns, Ny, N;, Ng) of concept, role, individual and standpoint names, * € Ng (universal standpoint).
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The set of concepts is given by
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Towards Standpoint-S HZ O

Vocabulary (Ns, Ny, N;, Ng) of concept, role, individual and standpoint names, * € Ng (universal standpoint).

Syntax: Semantics: 9 = (A,I1, 0, y)

The set of concepts is given by - ymaps each 7 € I1to a SHZQ interpretation Z = (A, %)
C:=T|A|-C|CiNG |Ar.C|ALnr.C|O,C

With A € N, r € Ni,s € N5, © € {1, O}

O=p 0’ 0" A
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I_(Peanut C Substance) L( dsensitiveTo. (}PNU’E)(P)
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Towards Standpoint-S HZ O

Vocabulary (Ns, Ny, N;, Ng) of concept, role, individual and standpoint names, * € Ng (universal standpoint).

Syntax: Semantics: 9 = (A,I1, 0, y)

The set of concepts is given by - ymaps each 7 € I1to a SHZQ interpretation Z = (A, %)
Co=TlA[=C|CNG[IAr.C|3snr.ClOC _ o maps each s € Ng to a subset of 11
With A € N, r € Ni,s € N5, © € {1, O}

O=p 0’ 0" A
Substance  JsensitiveTo . Nut (s Dangerous H
Substance M —Dangerous 3 <1sensitiveTo . Substance T
Formulas are ©, (A, A ... Ad) for A. € {&,-&}, &: o It Substance ° ,
N PP PP SRR .
- GClsandRIAs: CED, RER, R-RLCR Substance
- Assertions: C(a), r(a,b) Substance T

I_(Peanut C Substance) L( dsensitiveTo. (}PNU’E)(P)
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Towards Standpoint-S HZ O

Vocabulary (Ns, Ny, N;, Ng) of concept, role, individual and standpoint names, * € Ng (universal standpoint).

Syntax: Semantics: 9 = (A,I1, 0, y)

The set of concepts is given by - ymaps each 7 € I1to a SHZQ interpretation Z = (A, %)
Co=TlA[=C|CNG[IAr.C|3snr.ClOC _ o maps each s € Ng to a subset of 11
With A € N, r € Ni,s € N5, © € {1, O}

O=p 0’ 0" A
Substance  JsensitiveTo . Nut (s Dangerous H
Substance M —Dangerous 3 <1sensitiveTo . Substance T
Formulas are o, (/y A .. A2, for 4 € (&,8), & i g Sustnce L N
- GClsandRIAs: CED, RER, R-RLR Substance
- Assertions: C(a), r(a,b) ”Ng'—

I_(Peanut C Substance) L( dsensitiveTo. (}PNU’E)(P)




Small Models for Standpoint SHZ O
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Small model property for SsHz10

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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Small model property for SsHz10

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

Lemma 1. Any S SHTIO 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
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Small model property for SsHz10

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 SHTIO 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 SsHz10
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Small model property for SsHz10

-
Tidy models
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Small model property for Ssnzo

4 )
Tidy models Z ={0L,.(TED),
«(TE QO]
[’ A° 5 6 &
C,D D D
]Z'l ........... o - o @O -
71'2 ......... D‘C’D‘ ....... D ........
\- J
Y/ % RSP ® - ® - C ........
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Small model property for SsHz10

- ~ . .
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 ........... ‘. ........ ' ......... . ........
71'2 ......... D‘C’D‘ ....... l.D.‘ ........
. y,
Y/ % RSP ® - ® - Q.. ........
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Small model property for SsHz10

-
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
® ® ®



How to Agree to Disagree: Managing Conceptual Diversity using Standpoint Logic | Page 27

Small model property for SsHz10

-
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 SsHz10

-
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 SsHz10

-
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 Ssnzo

% — { *( — D)a
«(TEOLO)}
[’ A° 6, 6, 6
C,D D D
]Z'l ........... ‘. ........ ' .................
71'2 ......... D‘C’D‘ ....... D ........
Y/ % RSP ® - ® - C ........
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Small model property for SsHz10

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 -
71'2 ......... D‘C’D‘ ....... D ........
- J

...........
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Small model property for SsHz10

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 Y h da
7 for each (sC an B 1:) S S S
71'2 ......... D‘C’D‘ ....... l.D.‘ ........
- J
Y/ % RSP ® - ® - 9‘ ........
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Small model property for SsHz10

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 SsHz10

' 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 SsHz10

-
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 Ssnzo

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

p (Allergy C 3TriggeredBy . {pAllergy)}

AR,
All
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 Ssnzo

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 Ssnzo

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

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

AR,
All
PIRNS L7 Y S ®
TriBy
ED AR,
T, ..NeYg....... @3enTlg
TriBy
Sub
Y/ % RSP QO Q50
Senslo
GP{ %4 ........... ® - ® O
Allergy Sub
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Small model property for Ssnzo

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

p (Allergy C 3TriggeredBy . {pAllergy)}

AR A <6,,0> <6,,0> <6,0> <6,1> <8,,1> <5;,1>
LAlergyl
! TriBy
=D All ey b
T, N g....... @%nTElg
TriBy
Sub
Y/ % RSP ‘\./u,‘
Senslo
GP{ %4 ........... ® - ® O
Allergy Sub
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Small model property for Ssnzo

F = { Lep (Allergy T
cp (Allergy C
ep (Allergy C
[’ A &5 8 6
Allorgy
7 erg.y.:.%._..... ......... ®
riBy
ED AR,
T, ..NeYg....... @3enTlg
TriBy
Y/ % RSP ‘\.SUb‘
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 Ssnzo

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

p (Allergy C 3TriggeredBy . {pAllergy)}

AR 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>
Allergy
Ty e ?.rg.l" ........ ® S
TriBy
=D Al o 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 Ssnzo

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

AntibodyRelease),
= 1SensitivityTo . Substance),

ITriggeredBy . OpAllergy)}

A <6.,0> <86,,0> <85,0> <5,1> <6,,1> <8;,1> <5,,2> <6,,2> <83,2> <8,,3> <85,,3> <8;,3>...
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Small model property for Ssnzo

K = { Lep (Allergy C
ap (Allergy C
=p (Allergy C
I’ A 5 8 6
Allorgy
Ty e ?.rg.l'w ......... ®
riBy
ED AR,
T, ..NeYg....... @3enTlg
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 SsHz10

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 SsHz10

_ : 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, A ST 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 SsHz10

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 75, 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. ........ ® Al.l.e.rgy.w‘ ........ ..A”?fg)'w. ........ o
TriBy TriBy TriBy TriBy
......... O @ Q@@ @ e @ @ @ e @
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Small model property for SsHz10

_ : 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)} TGpallergy 02 | 73,0 [m5,0 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 SsHz10

_ : 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 | R /,,‘
Senslo | | "ol . N
GPE-TAD Allarour-cevveen @ Y@ ... e
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 SsHz10

_ : 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)} TGpallergy 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 evevenen. ® - - 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 SsHz10

_ : 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 02 | 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. ........ ®
ED AIIerg); S Sub TriBy TriBy TriBy TriBy
][2 ........... ‘\_’v‘en ..... .
TriBy
— AGP cevnnn... ® - - e - Q. . -....- ® - - ® - - o - @ ® - ® - - ® .- ® - O
| e Qo9 0
Senslo . N Sub
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Future Research Goals and Challenges

Goal: towards a viable framework for reasoning with heterogeneous knowledge communities

Objectives:

(O2) Efficient algorithms and
implementations

Challenge: Expressivity — Efficiency trade-off
* Knowledge available is highly diverse
* Multi-perspective frameworks give rise to complex reasoning tasks
* [The Semantic Web contains extremely large knowledge sources




