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How to Agree to Disagree: Managing Ontological Perspectives using Standpoint Logic
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Monodic modal extensions of DLs can lead to a blowup in complexity.
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-Rigid roles — CoNP-hard
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Tractable Reasoning In S,

= We show that the expressivity can be pushed while preserving tractability

= Self loops, eg. (},_( 0 (Eldiagnoses . Self) C dhasDiagnostic. Unsafe)

= Role chain axioms, eg. [ ], (patientPart o hasPart C patientPart)

= Boolean combinations of formulas, eg. (}H (Tumor(t) A patientPart(p, t))

= We provide a decision calculus for Sg o,

and a prototype implementation based in Datalog
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Decision Calculus for S,

(1) Normalisation:

- Sharpenings:
- §'<s S{Ns,<s

- GCls:
- (CC D) (Ci;nG, E D)
- (dr.CC D) (CC dr.D)
- L, (CE [, D) s(CC QD)

- RIAs:
- (R"E R) s (R Ry ER)

S

- Concept and role assertions:

- . C(a) .r(a, b)
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Decision Calculus for S,

Tautologies
T.1 1T2) —— T.3 T.4 1.5
( )sj* ( )sjs ('3) « T CE 0OC = C]] (T4) T CO«C = T]] (T'5) «| R C R]
Standpoint hierarchy rules (for all s € Ng, £ being any extended GCI, RIA, or role assertion)
s<s s <g" s<s; s$<sy; s3MNsy<¢s g€ s=<¢ CCOg[D=E|] s<s
(5.1) ———— = (§2) —— == = P - (5.3) 28 5= (5.4) DHCEDH !
s=<'s s=<'s & [C C 0s[D = EJ]
Internal inferences for extended GCls Role subsumptions
sJCC O[T =D [T COs[C = D] sRC R" sR"C R
(1.1) —— | | (1.2) — — (R.1) RC R — [, E R
T EOs[C = DJ] (T EDC = D] s[RC R]
Forward chaining
B C |C = D] BC D= FE JTE|B=C CCO)D=F
.1y HBCOIC = Dl GIBCOID = B gy BTEOIBE=Cll olcColp= B
(B C Os|C = E]] (B C Os|D = EI]
JTCEO|C = D DC{OFE CLCOD) CCOJ|D=F
3y BT EOIC= DIl D C 0,5] ca) HCEQD] DlCCOD > B
t{C E O E] t|C C O E]

. . . (26 more rules)
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Tautologies
T.1 1T2) —— T.3 T.4 1.5
( )sj* ( )sjs ('3) « T CE 0OC = C]] (T4) T CO«C = T]] (T'5) «| R C R]
Standpoint hierarchy rules (for all s € Ns, £ being any extended GCI, RIA, or role assertion)
s<s § <g" s<s; s<sy; s3MNsy<s g€ s<¢ CCO«[D=E] s<s
(S.1) _ (S.2) : - = (5.3) 2 (S.4) el | |
s=<s s=<s & ¢(C C 0Os|D = E]
Internal inferences for extended GCls Role subsumptions
s|C CE O[T = DJ] o[ T EDs[C = D] s(RE R"] OsR"C R]
(1.1) — (1.2) : : - (R.1) —
[TColC= D [TColc=D JRC R]
Forward chaining
NIIRCHAIM—- NIl mlIR M N — KBl P ITrr IR~ Ml MmN — B

fF[1.[TC[1.[T= L] & %", then X is satisfiable



Pushing the Boundaries of Tractable Multiperspective Reasoning: A deduction calculus for Standpoint &£+ | Page 14

Decision Calculus for S, (Proofs)



Pushing the Boundaries of Tractable Multiperspective Reasoning: A deduction calculus for Standpoint &£+ | Page 14

Decision Calculus for S, (Proofs)

Theorem 4 (Termination). 7he closure of S¢ o, knowledge bases under the deduction calculus can be computed in PTIME.



Pushing the Boundaries of Tractable Multiperspective Reasoning: A deduction calculus for Standpoint &£+ | Page 14

Decision Calculus for S, (Proofs)

Theorem 4 (Termination). 7he closure of S¢ o, knowledge bases under the deduction calculus can be computed in PTIME.

- Polynomial normalisation & worst-case optimal Datalog encoding of the saturation procedure.



Pushing the Boundaries of Tractable Multiperspective Reasoning: A deduction calculus for Standpoint &£+ | Page 14

Decision Calculus for S, (Proofs)

Theorem 4 (Termination). 7he closure of S¢ o, knowledge bases under the deduction calculus can be computed in PTIME.

- Polynomial normalisation & worst-case optimal Datalog encoding of the saturation procedure.

Theorem S (Soundness). The deduction calculus is sound for S o, knowledge bases.



Pushing the Boundaries of Tractable Multiperspective Reasoning: A deduction calculus for Standpoint &£+ | Page 14

Decision Calculus for S, (Proofs)

Theorem 4 (Termination). 7he closure of S¢ o, knowledge bases under the deduction calculus can be computed in PTIME.

- Polynomial normalisation & worst-case optimal Datalog encoding of the saturation procedure.

Theorem S (Soundness). The deduction calculus is sound for S o, knowledge bases.

Theorem 6 (Completeness). The deduction calculus is refutation-complete for S¢ o, knowledge bases.



Pushing the Boundaries of Tractable Multiperspective Reasoning: A deduction calculus for Standpoint &£+ | Page 14

Decision Calculus for S, (Proofs)

Theorem 4 (Termination). 7he closure of S¢ o, knowledge bases under the deduction calculus can be computed in PTIME.

- Polynomial normalisation & worst-case optimal Datalog encoding of the saturation procedure.

Theorem S (Soundness). The deduction calculus is sound for S o, knowledge bases.

Theorem 6 (Completeness). The deduction calculus is refutation-complete for S¢ o, knowledge bases.

- We prove the existence of a model whenever [ [« [ TC [ 1:[ T = L1 &€ #".




Pushing the Boundaries of Tractable Multiperspective Reasoning: A deduction calculus for Standpoint &£+ | Page 14

Decision Calculus for S, (Proofs)

Theorem 4 (Termination). 7he closure of S¢ o, knowledge bases under the deduction calculus can be computed in PTIME.

- Polynomial normalisation & worst-case optimal Datalog encoding of the saturation procedure.

Theorem S (Soundness). The deduction calculus is sound for S o, knowledge bases.

Theorem 6 (Completeness). The deduction calculus is refutation-complete for S¢ o, knowledge bases.

- We prove the existence of a model whenever [ [« [ TC [ 1:[ T = L1 &€ #".

- This model is canonical in a sense but it will typically be infinite.



Pushing the Boundaries of Tractable Multiperspective Reasoning: A deduction calculus for Standpoint & £+ | Page 15

Conclusions and Future Work



Pushing the Boundaries of Tractable Multiperspective Reasoning: A deduction calculus for Standpoint & £+ | Page 15

Conclusions and Future Work

Conclusions:



Pushing the Boundaries of Tractable Multiperspective Reasoning: A deduction calculus for Standpoint & £+ | Page 15

Conclusions and Future Work

Conclusions:
= Managing perspectives is interesting in knowledge integration scenarios



Pushing the Boundaries of Tractable Multiperspective Reasoning: A deduction calculus for Standpoint & £+ | Page 15

Conclusions and Future Work

Conclusions:
= Managing perspectives is interesting in knowledge integration scenarios

m Standpoint &£+ is tractable



Pushing the Boundaries of Tractable Multiperspective Reasoning: A deduction calculus for Standpoint & £+ | Page 15

Conclusions and Future Work

Conclusions:
= Managing perspectives is interesting in knowledge integration scenarios

m Standpoint &£+ is tractable

= Decision calculus and datalog-based prototypical implementation



Pushing the Boundaries of Tractable Multiperspective Reasoning: A deduction calculus for Standpoint & £+ | Page 15

Conclusions and Future Work

Conclusions:
= Managing perspectives is interesting in knowledge integration scenarios

m Standpoint &£+ is tractable

= Decision calculus and datalog-based prototypical implementation



Pushing the Boundaries of Tractable Multiperspective Reasoning: A deduction calculus for Standpoint & £+ | Page 15

Conclusions and Future Work

Conclusions:
= Managing perspectives is interesting in knowledge integration scenarios

m Standpoint &£+ is tractable

= Decision calculus and datalog-based prototypical implementation

Future Work:
= (Calculus optimisation and efficient implementations

= Reasoning with more expressive languages (eq. S # . Q)

= Towards conceptual modelling with standpoints for knowledge integration challenges
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Labels example

S :Process M Tissue C 1 ]

Op | Tumor| T [, [Tissue]

On | Tumor| T [, [Process]
Og " Tumor(a)
(LUH) <S

(It could be a Tumor according to someone else)

. Tumor(a)
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Labels example

S :Process M Tissue C 1 ] [Process M Tissue C L ]
OL :Tumor: C O, [Tissue] Tumor, C Tissue , Tumor, C Tumor
O :Tumor: C [y [Process] Tumory E Process , Tumory C Tumor
Og " Tumor(a) —Tumor(a)
(LUH)<S -

-

% l
(It could be a Tumor according to someone else)

. Tumor(a) —~ Tumory(a)

Infer: (It cannot be a Tumor according to anyone)

= Tumor, (a)




