Answers (tutorial on 28 November 2011)

(-BU-A) = {a,c,e,d},
(3R.(~BU-A))* = {a,b,c},
(VR.(ANB)* = {f,e,d},
(VRVR.(AN B))T = {c,d,e, f}.
(3R.BYF = {2,3,5),
(AU3IR.BYT = {2,3,4,5},
(VR-A)F = {1,2,4,5},
(BNVYR.-A)L = {1,2},
(VR.(BNVR.-A))T = {1,5},
(YR.(BMVYR.-A)U-B)T = {1,4,5}.

2. Representations in negation normal form (NNF):

(a) VR.(AM—=B)U3S.(mAU B) NVYR.~A),
(b) 3S.((~C UVRIS.~A) L 3S(~ALUVR.YR.~A)),
(¢) =B U (VR.~C M 3S.3R.(VR.~ALVS.A));

3. Tableaux:

(a)  NNF = 3R-ANVR.(AUB),
So={z:3R-ANVR.(AUB)},
S1=5SoU{z:3R-A,z:VR(AUB)}, (M-rule)

Sy = S1U{zRy,y: A}, (F-rule)
S3 =Sy U{y: AU B}, (V-rule applied to zRy and z : VR(A LU B))
Sy=S3U{y: A};
Sy = S3 U {y : B};
Sy contains a clash {y : A,y : ~A}, Sy gives an interpretation Z with
- AT = {z,y},
— AT =),
- B ={y},
- RY = {(z,y)}.
(b) NNF = JR.JR.-PNVR.P,
So ={z:3R.3IR.-PMNVR.P},
S =SyU{z:3IR3IR.~P,x:VR.P},
Sy = S1U{zRy,y : IR.—P},
S3 = SaU{y : P}, (V-rule applied to xRy and x : VR.P)
Sy = S3U{yRz,z: ~P},
Sy gives an interpretation Z with
— AT = {z,y,2},
- PT ={y},
- Rf ={(z,9), (y.2)}.



(c) So ={z:3IR.(VS.C)NVR.(35.-C)},

S =SyU{z:3IRVS.C,z:VR.IS.-C},

Sy = S1U{zRy,y :VS.C},

S3 =51 U {y : E|S.—\C},

Sy =S3U{yRz,z:-C},

Ss =S, U{z:C},

Sy contains a clash in z, and so the concept is not satisfiable.
(d) So=A{z:(35.CN13S.D)NVS.(-CU-D)},

S1=SoU{z:35.C,x :3S.D,x : VS.(-C U -D)},

So = S1U{zSy,y: C},

Sz =Sy U{y:-CU-D},

Sy =S3U{y:~C}, clash!

Sy = S3U{y: D},

S5 = Sy U{xSz,z: D},

Se =S5 U{z:-CU-D},

S7=5S¢U{z:-C}

S7 gives an interpretation Z with

- AT = {Z’,y, Z}7
- CI = {y}v
- D' = {2}7

- ST ={(z,y), (z,2)}.
4. (a) IR(CNIR(ANB)NIR.(AN-B)),
(b) CM3R.(-BMN3IR.A)N3IR(BNIR.(BN-A)NIR.(ANB));

5. Inclusions:

(a) Inclusion VR.(—mA U B) C -VR.A UVR.B holds iff
the concept VR(—A U B) M —~(=VR.AUVR.B) is not satisfiable.
NNF = VR(~AU B)NVYR.AM (3R.~B),
So={z:VR(-AU B)MVR.AM(3R.-B)},
S1=5SoU{z:VR.(-AUB),z:VR.A,x : IR.~B},
Sy = S1U{zRy,y : ~B},
SgZSQU{y:A},
S4=SgU{y : —\Al_lB},
S5 =S4U{y: A}, clashiny
Sy =S4U{y: B}, clashiny
The concept is not satisfiable, hence the inclusion holds.
(b) The inclusion -VR.AUVR.B C VR.(-A U B) holds iff
the concept (-VRUVR.B) M ~(VR.(-AU B)) is not satisfiable.
NNF = (3R~AUVYR.B)N3R.(AN-B),
So = {z: GR~AUVYR.B)N3R.(AN-B)},



Sy = SoU{z:3R~AUVR.B,z: IR(AN -B)},

Sy =S1U{z:3IR.-A}

Sor =S U{x : VR.—B} consider this case later if necessary
S3 = SaU{zRy,y : ~A},

Sy = S3U{zRz,z: AN —B},

Ss =S,U{z: A ,z: B},

S5 gives rise to an interpretation Z where

- AI: {Ji,y,Z}7
- AI: {Z}7
_ BI:(Z),

— ST — {(z,y), (z,2)}.

The concept is satisfiable, hence the inclusion does not hold.

(c) Seeproblem 6 at http://www.dcs.bbk.ac.uk/~michael/sw/slides/SW/20Exercise-ans.
pdf



