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4
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Remark: The semantics of standpoint logic can also be expressed
In standard Kripke (relational) semantics.
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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.[]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.
3.

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

Knowledge Integration - Standpoint Logic

(7 3x Process(x) A Tissue(x)) 5. Vx Qs(Tumor(x) A Object(x)) — [, Tumor(x)

4(Vx Tumor(x) — Process(x)) 6. Vx

 (Vx Tumor(x) — Tissue(x)) 7. Vx

4. L<S A HZS

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

4 (3y productOf(x, y) A Tumor(y)) < , Tumor(x)

. Tissue(x) — [ Tissue(x)

plﬁ Aé

Patient \




1.
2.
3.

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

s(—dx Process(x) A Tissue(x))
4(Vx Tumor(x) — Process(x)) 6. Vx

 (Vx Tumor(x) — Tissue(x)) 7. Vx

4. L<S A HZS

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

Knowledge Integration - Standpoint Logic

5. Vx Og(Tumor(x) A Object(x)) — [], Tumor(x)

4 (3y productOf(x, y) A Tumor(y)) < , Tumor(x)

. Tissue(x) —

plﬁ
Patient

HasPart

L Tissue(x)

Tumor, Object \




1.
2.
3.

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

s(—dx Process(x) A Tissue(x))
4(Vx Tumor(x) — Process(x)) 6. Vx

 (Vx Tumor(x) — Tissue(x)) 7. Vx

4. L<S A HZS

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

Inferences:

Knowledge Integration - Standpoint Logic

5. Vx Og(Tumor(x) A Object(x)) — [], Tumor(x)

4 (3y productOf(x, y) A Tumor(y)) < , Tumor(x)

. Tissue(x) —

plﬁ
Patient

HasPart

L Tissue(x)

Tumor, Object \




1.
2.
3.

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

s(—dx Process(x) A Tissue(x))

4(Vx Tumor(x) — Process(x)) 6. Vx

 (Vx Tumor(x) — Tissue(x)) 7. Vx

4. L<S A HZS

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

Inferences:

9.

Tumor(a) (5,8)

Knowledge Integration - Standpoint Logic

5. Vx Og(Tumor(x) A Object(x)) — [], Tumor(x)

4 (3y productOf(x, y) A Tumor(y)) < , Tumor(x)

. Tissue(x) —

plﬁ
Patient

HasPart

L Tissue(x)

Tumor, Object \




1.
2.
3.

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

s(—dx Process(x) A Tissue(x))

4(Vx Tumor(x) — Process(x)) 6. Vx

 (Vx Tumor(x) — Tissue(x)) 7. Vx

4. L<S A HZS

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

Inferences:

9.

Tumor(a) (5,8)

Knowledge Integration - Standpoint Logic

5. Vx Og(Tumor(x) A Object(x)) — [], Tumor(x)

4 (3y productOf(x, y) A Tumor(y)) < , Tumor(x)

. Tissue(x) —

b

Patient

L Tissue(x)




1.
2.
3.

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

s(—dx Process(x) A Tissue(x))

4(Vx Tumor(x) — Process(x)) 6. Vx

 (Vx Tumor(x) — Tissue(x)) 7. Vx

4. L<S A HZS

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

Inferences:

9.

Tumor(a) (5,8)

Knowledge Integration - Standpoint Logic

5. Vx Og(Tumor(x) A Object(x)) — [], Tumor(x)

4 (3y productOf(x, y) A Tumor(y)) < , Tumor(x)

. Tissue(x) —

b

Patient

L Tissue(x)




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)) pl a g@m. A /
Inferences: ﬁ !

9.[] Tumor(a) (5,8) Patient Tumor, Object \
10.[], Tissue(a) (9,3) | Haspant ’




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)) pl a4 s@m A /
Inferences: ﬁ H

3. L Tumor(a) (3.8) g tent L erumonObiect B
10.[], Tissue(a) (9,3) “HasPart

Tumor, Tissue ,
‘ ................. . ........................................... 71- %L >S




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)) pl a A/
Inferences: ﬁ !

3. L Tumor(a) (3.8) g tent L erumonObiect B
10.[], Tissue(a) (9,3) “HasPart

_ Tumor, Tissue ,
11 HT|SSU€(CZ) (1@,7) Y IR ‘ ........................................... T %L ?S




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)) pl a A/
Inferences: !
9.[] Tumor(a) (5,8) Patient Tumor, Object \
.. T

10.[], Tissue(a) (9,3) “HasPart

| Tumor, Tissue ,
11 HT|SSU€(CZ) (1@,7) . ................. ‘ ........................................... T %L ?S

® @ e 71-”% H
/




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)) pl a A/
Inferences: !
9.[] Tumor(a) (5,8) Patient Tumor, Object \
. T

10.[], Tissue(a) (9,3) “HasPart

| Tumor, Tissue ,
11 HT|SSU€(CZ) (1@,7) ‘ ................. ‘ ........................................... T %L >S

Tissue
® - @ e 71-”% H)




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)) < (}LTumor(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)) pl a A/
Inferences: !
9.[] Tumor(a) (5,8) Patient Tumor, Object \
y T

10.[], Tissue(a) (9,3) “HasPart

| Tumor, Tissue ,
11 _|T|Ssue(a) (1@,7) . ................. ‘ ........................................... T %L ?S
12. [y 3y productOf(a,y) A Tumor(y) (11,6) P S & SN ,,fng)




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)) pl ﬁ a g A /
L% ®, I1
Inferences:
9.[] Tumor(a) (5,8) Patient Tumor, Object \
. T
10.[], Tissue(a) (9,3) “HasPart
| Tumor, Tissue ,
11 _lTlssue(a) (1@,7) . ................. ‘ ....................... ‘ ................. T %L ?S
12. [y 3y productOf(a, y) A Tumor(y) (11,6) P S 0 i @M 7
ProductOf /




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)) < (}LTumor(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)) pl ﬁ a gmm A /
Inferences:
9.[] Tumor(a) (5,8) Patient Tumor, Object \
. T

10.[], Tissue(a) (9,3) “HasPart

| Tumor, Tissue ,
11 _|T|Ssue(a) (1@,7) . ................. ‘ ....................... ‘ ................. T %L ?S
12. [y 3y productOf(a, y) A Tumor(y) (11,6) P S 0 i @M 7

13. [ ], Jy Process(y) (12,2) ProductOf /




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)) < (}LTumor(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)) pl 0 gmm A /
Inferences:
9.[] Tumor(a) (5,8) Patient Tumor, Object \
N T

10.[], Tissue(a) (9,3) “HasPart

| Tumor, Tissue ,
11 _|T|Ssue(a) (1@,7) . ................. ‘ ....................... ‘ ................. T %L ?S
12. [y 3y productOf(a, y) A Tumor(y) (11,6) P S 0o i @O PrOCESS ,,fng)

13. [, dy Process(y) (12,2) ProductOf




Decidability and Complexity



How to Agree to Disagree: Managing Ontological Perspectives using Standpoint Logic | Page 12

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?

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

*Monodic fragments have important applications in knowledge integration modal operators

*Beyond monodic modal logics easily become undecidable + technically challenging

Beyond:Vxdy[ | (P(xa )’)>

Sentential Fragments: [ | V.x y(p(x, y))




Sentential Fragments

Sentential Fragments: [ | V.x y(p(x, y))
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occurring in y are bound by a quantifier.
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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 *

trans,, (7, P(t1,...,tx)) = Pr(t1,...,1tx)

trans, (7, ) = —trans, (m, 1)

trans,, (7, Vi
trans,, (7,

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

) =

trans,, ( ) = trans,, (m, Y1) Atrans,(m, Y2)
) =
eY) =

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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trans, (7,

= —trans, (7, V)
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trans,, (7, 11 As) = trans, (mw, 1) Atrans, (m, P9)
trans, (7, Vxy) = Vx(trans,(m, 1))
e P) =

*1 /\ %9 /\*3,

/
trans,, (7,

Nrcm, (transg(m, e) — trans,(m,v)) -p, 1 Ry 7By

7T
transg (7, e1) V transg(m, es) P3 *, Ry By
transg (7, e1) A transg (7, eq)

transg (m,s) =
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Sentential Fragments

(n-)Equisatisfiable Translation to Plain FOL

Example: ¢ = -

Rp(a) A\

RNB P(a)

Tra,nsn(qﬁ) — /\WGHn tI‘aIlSn(ﬂ', ¢) N /\weﬂn *

trans, (m,P(t, ..

trans, (7,

trans,, (7
/

)
)
V) =
eY) =

trans,, (7,

transg (m,s) =
transg (m,e; Uey) =
transg (m,e; Ney) =
) =

transg (m,e; \ eo

5 tE)) =

Transs(¢) = A cm,

(R2 = pa(a)) A (R3 —ps(a)))
A

((Rs A B3) = p3(a)))
A

=((R1 = p1(a)) A

Pr(t1,... (((R1 A B1) = pi(a)) A ((Re A B2) = p2(a)) A

—trans, (7, ¥)

tk)

*1 /\ %9 /\*3,

trans, (m, ¥ Ag) = trans, (w, Y1) Atrans, (m, P2) € s/
Vx(trans,(m, 1))
Aserr, (transe(m, ) > trans, (r,)) | ... Py . o B R 7B,
Y R p. ............. Ty R y ae P2 >X<2 R2 BZ
transe (m, 1) V transe (v, €2 P B P % R, B,
transg (7, e1) A transg (7, eq)
transg (7, e1) A —transg(m, e2) !

FOSL model FOL model
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Sentential Fragments

(n-)Equisatisfiable Translation to Plain FOL

Trans,, (¢)

trans, (m,P(t, ..

trans, (7,

)

trans, (7, 91 Ay) =

,Vai)) =
) =

trans,, (7

/
trans,, (7,

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

transg (m,e; \ eo

/\weﬂn trans, (7, @) A /\Weﬂn *

5 tE)) =

Example: ¢ = ~Orp(a) A Orne p(a)

Transs(¢) = /\ﬂ'EH3

(R2 = p2(a)) A (Rs — p3(a)))
N\

((Rs A Bs) = p3(a)))
N\

*x1 A\ ko N %3,

=((R1 = p1(a)) A

Pr(t1,... (((R1 A B1) = pi(a)) A ((Re A B2) = p2(a)) A

—trans, (7, ¥)

tk)

trans, (m, 1) Atrans, (7, ¥s) 3 AH
Va(trans,(my) | | T
Arem, (transg(m, e) — trans, (7, ¢)) | ... Te. .l .. noy oy -p, 1 Ry 7By
............. Pl e NG ae P2 *, R, By
_
transg (m, e1) V transg (7, e2) oD 3 | b3 %3 TRy Bs
transg(m,e1) A transg(m, es) N )
transg(m,e1) A —transg (7, ez) ! |
FOSL model FOL model
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Sentential Fragments

(n-)Equisatisfiable Translation to Plain FOL
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trans,, (7, P(t1,...,tx)) = Pr(t1,...,1tx)
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) =

trans,, ( ) = trans,, (m, Y1) Atrans,(m, Y2)
) =
eY) =

transg (m, s -

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

) =
) =
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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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(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))




Standpoint & £+
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With A € N, r € Ny
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Vocabulary (Ng, Ng, N;) of concept, role, individual names

Syntax:

The set of concepts is given by
C:T‘J_‘A‘CII_ICZ‘HI’C
With A € N, r € Ny

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

Syntax:
The set of concepts is given by
C:=T|1L|A|C,nG |3Tr.C
With A € N, r € Ny

Tissue
Process M Tissue JpatientPart . Tumor

The set of axioms includes:
- GCls CCD
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Vocabulary (Ng, Ng, N;) of concept, role, individual names

Syntax: Semantics:
The set of concepts is given by
C:=T|1L|A|C,nG |3Tr.C
With A € N, r € Ny

Tissue
Process M Tissue JpatientPart . Tumor
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(Tumor C Tissue) ( dpatientPart . Tumor) (p)
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The description logic &<

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

Syntax: Semantics: Z = (A, 1)
The set of concepts is given by
C:=T|1L|A|C,nG |3Tr.C
With A € N, r € Ny

Tissue
Process M Tissue JpatientPart . Tumor

The set of axioms includes:
- GCls CCD

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

(Tumor C Tissue) ( dpatientPart . Tumor) (p)
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The description logic & £+

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

Syntax: Semantics: Z = (A, 1)
The set of concepts is given by
C:=T|L1L|A|C,nG |Tr.C| IAr.Self
With A € N, r € Ny
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The description logic & £+

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

Syntax: Semantics: Z = (A, 1)
The set of concepts is given by
C:=T|L1L|A|C,nG |Tr.C| IAr.Self
With A € N, r € Ny

Tissue  ddiagnoses . Self

Process 1M Tissue JpatientPart . Tumor
| ~E=D €’ "
The set of axioms includes: &~ __ @ . .
Tumor, Tissue Tissue
- GCls CCD

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

(Tumor C Tissue) (EIpatientPart : Tumor) (p)
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The description logic & £+

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

Syntax: Semantics: Z = (A, 1)
The set of concepts is given by
C:=T|L1L|A|C,nG |Tr.C| IAr.Self
With A € N, r € Ny
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/\6 — p €/ 6//
The set of axioms includes: . .@®

Tumor, Tissue Tissue

- GClsandRIAs: CED, Rjo...oR CR
- Assertions: C(a), r(a,b)

(Tumor C Tissue)
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The description logic & £+

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

Syntax: Semantics: Z = (A, 1)
The set of concepts is given by
C:=T|L1L|A|C,nG |Tr.C| IAr.Self
With A € N, r € Ny

Tissue  ddiagnoses . Self

Process M Tissue JpatientPart . Tumor
/\6 — p €/ 6//
The set of axioms includes: . .@®

Tumor, Tissue Tissue

- GClsandRIAs: CED, Rjo...oR CR
- Assertions: C(a), r(a,b)

(Tumor C Tissue) (patientPart o hasPart C patientPart)
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The description logic & £+

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

Syntax: Semantics: Z = (A, 1)
The set of concepts is given by
C:=T|L1L|A|C,nG |Tr.C| IAr.Self
With A € N, r € Ny
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Process M Tissue JpatientPart . Tumor
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(Tumor C Tissue) (patientPart o hasPart C patientPart)
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Towards Standpoint-& £+
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Towards Standpoint-& £+

Vocabulary (Ns, Ny, N;, Ng) of concept, role, individual and standpoint names, * € Ng (universal standpoint).
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Towards Standpoint-& £+

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|L|A|C,NG |Tr.C|3r.Self| ©,C
With A € N, r € Ng, s € Ng, © € {1, }-

Tissue  ddiagnoses . Self {5 Process €=p ¢’ & A/
Process M Tissue JpatientPart . Tumor 11
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Towards Standpoint-& £+

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|L|A|C,NG |Tr.C|3r.Self| ©,C
With A € N, r € Ng, s € Ng, © € {1, }-

Tissue  ddiagnoses . Self {5 Process €=p ¢’ & A/
Process M Tissue JpatientPart . Tumor 11
Formulas are ©, (4, A ... A4 ) for . € {&,~&}, &: T
- GClsandRIAs: CED, Ryo...oR CR /
T
- Assertions: C(a), r(a,b)
71_//

I_((Tumor C Tissue) A T ( dpatientPart . Tumor) (p)) hasProcess
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Vocabulary (Ns, Ny, N;, Ng) of concept, role, individual and standpoint names, * € Ng (universal standpoint).
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Vocabulary (Ns, Ny, N;, Ng) of concept, role, individual and standpoint names, * € Ng (universal standpoint).

Syntax: Semantics: & = (A, I1, o, y)

The set of concepts is given by - y maps each 7 € I1 to an &%+ interpretation Z = (A, %)
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Towards Standpoint-& £+

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

Syntax: Semantics: & = (A, I1, o, y)

The set of concepts is given by - y maps each 7 € I1 to an &%+ interpretation Z = (A, %)

Co=T|L[A|ICNG|3r.Cl3r.Self |O,C o maps each s € Ng to a nonempty subset of 11
With A € N, r € Ng, s € Ng, © € {1, }-

Tissue  ddiagnoses . Self {5 Process €=p ¢’ & A/
Process M Tissue JpatientPart . Tumor 11
Formulas are ©, (A, A... AL) for A € {&,-&}, &: T )
- GClsandRIAs: CC D, Rje...oR CR T>
T’ S
- Assertions: C(a), r(a,b)

I_((Tumor C Tissue) A T ( dpatientPart . Tumor) (p)) hasProcess
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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,

(1) Normalisation: (2) Extended modalised GCls:
- Sharpenings: (A C LB = C]]
- §'<s S{Ns,<s
- GCils:
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Decision Calculus for S,
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Decision Calculus for S,

(1) Normalisation: (2) Extended modalised GCls:

- Sharpenings: (A C L [B= C]]
- §'<s S{NS, <SS * can be rewritten (with a fresh concept D) to

. GCls: JAC [, D] and DN BELCC]]
_ (CC D) (C,nC,C D) Then replace.:

- (dr.CC D) (CC dr.D)
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- RIAs:
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Decision Calculus for S,

(1) Normalisation: (2) Extended modalised GCls:

- Sharpenings: (A C L [B= C]]
- §'<s S{NS, <SS * can be rewritten (with a fresh concept D) to

- GCls: JAE[,D] and [ [DNBEC]]
- (CC D) (C,;nC, C D) Then replace.:
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(1) Normalisation: (2) Extended modalised GCls:
- Sharpenings: JAC [ [B= C]]
- §'<s S{NS, <SS * can be rewritten (with a fresh concept D) to
- GCls: JAC [, D] and DN BELCC]]
_ (CC D) (C,NC,C D) Then replace:
. O.(3r.CcCD) [I.(CC 3r.D) ' s(g=D)D by *[C' s sf:”;]]
- _ b _ =
_ S(C— uD) S(C;OUD) S( u ) y S[ u[ ]]
- [, Cla) by sHal ELLL T = C]]
- RIAs:
- [ (R"E R) s(Rj R, E R)
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Decision Calculus for S,

(1) Normalisation: (2) Extended modalised GCls:
- Sharpenings: JAC [ [B= C]]
- §'<s S{NS, <SS * can be rewritten (with a fresh concept D) to
- GCls: JAC [, D] and DN BELCC]]
_ (CC D) (C,NC,C D) Then replace:
. O.(3r.CcCD) [I.(CC 3r.D) ' s(g=D)D by *[C' s sf:”;]]
- _ b _ =
_ S(C— uD) S(C;OUD) S( u ) y S[ u[ ]]
- [, Cla) by sHal ELLL T = C]]
- RIAs:
- [ (R"E R) s(Rj R, E R)

- 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 (T'3) « T C O.C = (] (T:4) T COC = T]] (T'5) « R C R]
Standpoint hierarchy rules (for all s € Ng, £ being any extended GCI, RIA, or role assertion)
s<s s <¢§" s<s; s$<sSy S MNsy=<¢s g€ s<¢s CCOg[D= E]] s<s
(S.1) _ (S.2) : - = (5.3) & 53 (S.4) O C O |
s=<s s=<s & ¢(C C 0Os|D = E]
Internal inferences for extended GCls Role subsumptions
JC C O[T =D T C Os[C = DJ JRC R” JR"C R
(1.1) —— | | (1.2) : : — (R.1) | | — [, |
T EOs[C = DJ] (T EDC = D] s[RC R]

Forward chaining

(B C [s[C = D]] kB C 0Os[D = E]| JTCEB=C| |C C D= E]]
(G:1) [BCO.C= B (©2) [BCO.D = &

u[l — t[CiD” t[D;OsE] t[CEOsD t[Cz S[D:>E]]
(©3) [CCO.E (€4 CC0.E]

. . . (26 more rules)
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Decision Calculus for S,

Tautologies
T.1 17.2) —— T.3 T.4 1.5
( )sj* ( )sjs ('3) « T CE 0OC = C]] (T4) AT EOLC = T]] (T'5) «| R C R]
Standpoint hierarchy rules (for all s € Ns, £ being any extended GCI, RIA, or role assertion)
s<s s <¢§" s<s; s$<sSy S MNsy=<¢s g€ s<¢ CCO«[D=E]] s<s
(S.1) _ (S.2) : - = (5.3) 2 (S.4) el | |
s<'s s=<'s £ [C C 0s[D = EJ]
Internal inferences for extended GCls Role subsumptions
s|C C O[T = DJ] o[ T E Ds[C' = DJ s(RE R"| O:;[R"C R
(1.1) — (1.2) . : - (R.1) —
T C Os[C = D]] AT COs[C = DJ R C 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
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Decision Calculus for S, (Proofs)
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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 &€ #".
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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.
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Tractable Reasoning In S,

= 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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Future Research Goals and Challenges

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

Objectives:

(02) Efficient algorithms and
implementations

Challenge: Expressivity — Efficiency trade-off

% Knowledge available is highly diverse SNOMEDCT

* Multi-perspective frameworks give rise to complex reasoning tasks
% The Semantic Web contains extremely large knowledge sources 12 x 10° terms




