Practice session 1

Exercise 1.1: Consider the interpretatidfx = (A, ), where

A = {Nick,Mary,Ann,St eve,John}
Human' = A
Female! = {Mary,Ann
Y,
hasChild' = Ni ck,Ann),(Mary,Ann
) ) y’ )

(Ann,John), (St eve,John)}.

First, evaluate the meanings of the concept expressioreaaipg on the left and right
hand side of the followingd£ axioms, in the example interpretati@p Next, decide if the
interpretatioriZy is a model of the axiom.

(&) VhasChild. L T —Female.

(b) VhasChild.Female = JhasChild. T.

(c) Vhaschild. L C VhasChild.Female.

(d) Female M VhasChild.Female = JhasChild. T .

(e) VhasChild.Female N VhasChild.—Female = VhasChild._L .

Decide which of the above axioms will be satisfieddblytheir interpretations.

Exercise 1.2: Is there an interpretation which is a model of axiom (b) tiste the above
Exercise 1.17? If so, give an example. Try to provide a sim@#rmulation of axiom (b).

Exercise 1.3: Consider the DL axioms listed under (a)—(e) in Exercise arld letT =
Female C JhasChild. T .

(a) Decide which of the axioms (a)—(e) is a consequence ofrgatyeTBoxX.
(b) Decide which of the axioms is a consequence of a TBox @uintathe only axionir .
(c) Isthere an axiom among these which is equivaleiit2o
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Exercise 1.4: Decide if the following concepts can be formalised usingémguaged £ and
its extensiong, U, and€. If so, formulate a concept expression corresponding taisren
concept.

(a) People with at least one tall child.

(b) People with at most one tall child.

(c) People with at least one child who is either blonde or tall
(d) People all of whose children are either blonde or tall.

(e) People who do not have at least one tall child.

() People none of whose children are either blonde or tall.

Try to give multiple equivalent formalisations of the copteabove. For each, list the
single-letter abbreviations of the language extensionsds.

Exercise 1.5: Using the semantics od£C decide which of the following statements hold.

@{C=T}EVRC=T. b)) {VRC=T}EC=T.
(©){C=1L}EIRC=L. (d{3RC=_L}EC= L.
() EVRCiMYRC, CVR.(CLMCy). () EVRCLNVRC, VR (CLMECy).
(9) EIRCiMNIRC, C IR(CMCy). (h) =3RCiMIRC, JIR(C1MCy).
(i) EVRCLUVRC, CVR.(CLUGC). () EVRC1UVRC; JVR.(CLLUGC).
(k) EIRCUIRC, C IR (CLUC). () E3RCUIRC, JIR(CLUC).

Exercise 1.6: Decide if the following concepts and statements can be flisethin the
ALCN language. If so, formulate the appropriate concept exjmess terminological
axiom.

(a) People with at least one blonde child.

(b) People with at most one child.

(c) People with exactly one child.

(d) People with exactly one blonde child.

(e) Mothers having at least three children are optimists.
(f) Anyone can have at most one spouse.

Exercise 1.7: Consider the following roleshasParent, hasMother, hasFather, hasSpouse,
hasAncestor, hasRelative. Build the role hierarchy of this set of roles, i.e. list dietrole
inclusion axioms involving these roles. Also declare thprapriate roles transitive.

Exercise 1.8: Consider the roles listed in Exercise 1.7, together withrofeaxioms provided
by you as the solution to the exercise. Decide which of thesrate simple.
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Exercise 1.9: Formalise the following concepts and statements usingStH& language.
Use thehasParent, hasSibling, andhasPart atomic roles only.

(a) People with at least one tall child.

(b) People who only have tall children.

(c) Children with at least one tall parent.

(d) Parts of a car.

(e) A car which has critical parts that are faulty is itselflfs.

(f) Children of a parent with at least one tall child are eittedl themselves or have a tall
sibling.

Exercise 1.10: Formalise the following concepts and statements using#i& O language.
Use the atomic roleisasParent andhasComponent.

(a) People with at least two tall children.
(b) Cars with at most two faulty components.
(c) Areliable system is not faulty if it has at most one faugmponent.

Exercise 1.11: Transform the following English sentences into a TBox ughmg concepts
Human, Man, Woman, MarriedMan, Female, and the rolehasWife.

(&) Amanis a human who is not female.

(b) A married man is a man.

(c) A married man is someone who has a wife.
(d) A wife of a man is a woman.

(e) Awoman is a female human.

(f) No man can have more than one wife.

(g) No woman can be the wife of two men.

Split the above TBox into a definitional part and a backgrokmolwledge part. Show that
this TBox is definitorial. Make a sample base interpretatiod derive the meaning of the
name symbols.

Exercise 1.12: Build the expansion of the TBox you supplied as a solutionxerEise 1.11.

1 Reliable systems use certain techniques, such as dupticaticomponents, to achieve correct behaviour even
if some of their components are faulty.
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Exercise 1.13: For each of the following reasoning tasks construct a car€eguch that the
given reasoning task is equivalent to checkin@ is unsatisfiable.

(&) IsMarriedMan subsumed byiuman?

(b) Doesdhaswife. T includeHuman?

(c) IsMarriedMan disjoint fromwoman?

(d) Are the conceptShaswife. T and3haswife™.T disjoint?
(e) Are the conceptgan LI Woman andHuman equivalent?

In the context of the TBox of Exercise 1.11, decide which &f #bove reasoning tasks
should return a positive answer.

Exercise 1.14: Consider the following interpretaticf}:

A** = {a,b,c,d,e};
Fauty’? = {a,d,e};
ReliableSystem™® = {a};
hasComponent’? = {(a,b),(a,c),(b,d),(c,e)}.

Find out the meanings, in interpretatidp, of the following concept expressions and
terminological axioms:

(a) Faulty M —ReliableSystem.
(b) VhasComponent™.—Faulty.
(c) JhasComponent™.—Faulty.
(d) TInasComponent™ .Faulty.
(e) (< lhasComponent.Faulty).
(f) (= 4nasComponent.Faulty).
(9) (< lhasComponent.3hasComponent.Faulty).
(h) (= 2hasComponent.3hasComponent.(—Faulty LI (> 2hasComponent.T))).
(i) Trans(hasComponent).
(j) InasComponent.Faulty = JhasComponent™ .Faulty.
(k) TnasComponent.Faulty C Faulty LI GhasComponent ~.—Faulty.
() FaultyMReliableSystem = (> 2hasComponent.Faulty).
(m) ReliableSystem LI JhasComponent ™~ .ReliableSystem = T.
(n) —Faulty C (< lhasComponent.Faulty).



