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default((flies(X):-bird(X))).default((flies(X):-bird(X))). Birds Birds typicallytypically  flyfly

rule((not flies(X):-penguin(X))).rule((not flies(X):-penguin(X))). Penguins donÕt flyPenguins donÕt fly

rule((bird(X):-penguin(X))).rule((bird(X):-penguin(X))). Penguins are birdsPenguins are birds

rule((penguin(rule((penguin( tweetytweety ):-true)).):-true)). TweetyTweety is a penguin is a penguin

rule((bird(opus):-true)).rule((bird(opus):-true)). Opus is a birdOpus is a bird

p.151

Default rules

☞☞Default rules are typically true, but may have exceptionsDefault rules are typically true, but may have exceptions
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Meta-interpreter for default rules

explain(true,E,E):-!.explain(true,E,E):-!.

explain((A,B),E0,E):-!,explain((A,B),E0,E):-!,
explain(A,E0,E1),explain(A,E0,E1),
explain(B,E1,E).explain(B,E1,E).

explain(A,E0,E):-explain(A,E0,E):-
prove_e(A,E0,E).prove_e(A,E0,E). % explain by % explain by rules rules onlyonly

explain(A,E0,[explain(A,E0,[ default((A:-B))default((A:-B)) |E]):-|E]):-
default((A:-B))default((A:-B)) ,, % explain by % explain by defaultdefault
explain(B,E0,E),explain(B,E0,E),
not contradiction(A,E)not contradiction(A,E) .. % A % A consistent consistent with Ewith E

contradiction(not A,E):-!,contradiction(not A,E):-!,
prove_e(A,E,_).prove_e(A,E,_).

contradiction(A,E):-contradiction(A,E):-
prove_e(not A,E,_).prove_e(not A,E,_).

p.152
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Does Dracula fly or not?

default(mammals_default(mammals_ dontdont _fly(X_fly(X ),), (( not flies(X):-mammal(X))).not flies(X):-mammal(X))).
default(bats_fly(Xdefault(bats_fly(X ),), (( flies(X):-bat(X))).flies(X):-bat(X))).
default(dead_things_default(dead_things_ dontdont _fly(X_fly(X ),), (( not flies(X):-dead(X))).not flies(X):-dead(X))).

rule((mammal(X):-bat(X))).rule((mammal(X):-bat(X))).
rule((bat(rule((bat( draculadracula ):-true)).):-true)).
rule((dead(rule((dead( draculadracula ):-true)).):-true)).

% Cancellation rules:% Cancellation rules:

%% bats are flying mammals bats are flying mammals
rule((not mammals_rule((not mammals_ dontdont _fly(X):-bat(X)))._fly(X):-bat(X))).

% dead bats don’t fly% dead bats don’t fly
rule((not bats_fly(X):-dead(X))).rule((not bats_fly(X):-dead(X))).

p.153
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Extended meta-interpreter for named defaults

explain(true,E,E):-!.explain(true,E,E):-!.

explain((A,B),E0,E):-!,explain((A,B),E0,E):-!,
  explain(A,E0,E1),  explain(A,E0,E1),
  explain(B,E1,E).  explain(B,E1,E).

explain(A,E0,E):-explain(A,E0,E):-
    prove_e(A,E0,E)prove_e(A,E0,E) .. % explain by % explain by rules rules onlyonly

explain(A,E0,[explain(A,E0,[ default(default( NameName)) |E]):-|E]):-
    default(default( NameName,(A:-B)),(A:-B)) ,, % explain by % explain by default ruledefault rule
  explain(B,E0,E),  explain(B,E0,E),
    not contradiction(Name,E)not contradiction(Name,E) ,, % default should be % default should be applicableapplicable
    not contradiction(A,E)not contradiction(A,E) .. % A should be % A should be consistent consistent with Ewith E

p.153
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Dracula doesnÕt fly after all

?-explain(flies(dracula),[],E).?-explain(flies(dracula),[],E).

NoNo

?-explain(not flies(dracula),[],E).?-explain(not flies(dracula),[],E).

E = [ E = [ default(dead_things_dont_fly(dracula))default(dead_things_dont_fly(dracula)) ,,
        rule((dead(dracula):-true))rule((dead(dracula):-true))  ] ]

p.154

default(mammals_dont_fly(X),(not flies(X):-mammal(X))).
default(bats_fly(X),(flies(X):-bat(X))).
default(dead_things_dont_fly(X),(not flies(X):-dead(X))).
rule((mammal(X):-bat(X))).
rule((bat(dracula):-true)).
rule((dead(dracula):-true)).
rule((not mammals_dont_fly(X):-bat(X))).
rule((not bats_fly(X):-dead(X))).
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Defaults using negation as failure

☞☞For each For each default namedefault name, introduce a , introduce a predicate introducingpredicate introducing
the oppositethe opposite (Ôabnormality predicateÕ) (Ôabnormality predicateÕ)

bats_fly(X)bats_fly(X)   becomesbecomes  nonflying_bat(X)nonflying_bat(X)

☞☞Add this predicate as a Add this predicate as a negative conditionnegative condition
default(default( bats_fly(X)bats_fly(X) ,(flies(X):-bat(X))),(flies(X):-bat(X)))

becomesbecomes
flies(X):-bat(X),flies(X):-bat(X), not nonflying_bat(X)not nonflying_bat(X)

☞☞ Introduce Introduce new predicatenew predicate for negated conclusions for negated conclusions
default(default( dead_things_don’t_fly(X)dead_things_don’t_fly(X) ,(not flies(X):-dead(X))),(not flies(X):-dead(X)))

becomesbecomes
notflies(X)notflies(X) :-dead(X),:-dead(X), not flying_deadthing(X)not flying_deadthing(X)

p.167
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Dracula again

default(mammals_default(mammals_ dontdont _fly(X),(not flies(X):-mammal(X)))._fly(X),(not flies(X):-mammal(X))).
default(bats_fly(X),(flies(X):-bat(X))).default(bats_fly(X),(flies(X):-bat(X))).
default(dead_things_default(dead_things_ dontdont _fly(X),(not flies(X):-dead(X)))._fly(X),(not flies(X):-dead(X))).
rule((mammal(X):-bat(X))).rule((mammal(X):-bat(X))).
rule((bat(rule((bat( draculadracula ):-true)).):-true)).
rule((dead(rule((dead( draculadracula ):-true)).):-true)).
rule((not mammals_rule((not mammals_ dontdont _fly(X):-bat(X)))._fly(X):-bat(X))).
rule((not bats_fly(X):-dead(X))).rule((not bats_fly(X):-dead(X))).

notfliesnotflies (X):-mammal(X),not flying_mammal(X).(X):-mammal(X),not flying_mammal(X).
flies(X):-bat(X),notflies(X):-bat(X),not  nonflying nonflying _bat(X)._bat(X).
notfliesnotflies (X):-dead(X),not flying_(X):-dead(X),not flying_ deadthingdeadthing (X).(X).

mammal(X):-bat(X).mammal(X):-bat(X).
bat(bat( draculadracula ).).
dead(dead( draculadracula ).).

flying_mammal(X):-bat(X).flying_mammal(X):-bat(X).
nonflyingnonflying _bat(X):-dead(X)._bat(X):-dead(X).

p.167
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Semantics of incomplete information

☞☞ Incompleteness arises when assumptions regardingIncompleteness arises when assumptions regarding
a domain are not explicitly represented in a logica domain are not explicitly represented in a logic
program program PP..

☞☞ There are several ways to make these assumptionsThere are several ways to make these assumptions
explicit:explicit:

✓✓by selecting one of the models of by selecting one of the models of PP as the  as the intended modelintended model

✓✓by transforming by transforming PP into the  into the intended programintended program

¥¥ Closed World AssumptionClosed World Assumption

¥¥ Predicate CompletionPredicate Completion

☞☞ New information can invalidate previous conclusionsNew information can invalidate previous conclusions
if they were based on assumptionsif they were based on assumptions

✓✓non-monotonic reasoningnon-monotonic reasoning

p.154
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Selecting an intended model

f,b,af,b,a

f,bf,b f,af,a b,ab,a

ff bb aa

∅∅ ∅∅

f,b,af,b,a

b,ab,af,af,af,bf,b

aabbff

∅∅ ∅∅

flies(X)flies(X) ;; abnormal(X)abnormal(X) :-bird(X).:-bird(X).
bird(tweety).bird(tweety).

flies(X)flies(X) :-bird(X),:-bird(X), not abnormal(X)not abnormal(X) .. abnormal(X)abnormal(X) :-bird(X),:-bird(X), not flies(X)not flies(X) ..

p.148
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Closed World Assumption

likes(peter,S):-likes(peter,S):-
student_of(S,peter).student_of(S,peter).

student_of(student_of( paulpaul ,peter).,peter).

:-student_of(:-student_of( paulpaul ,, paulpaul ).).
:-student_of(peter,:-student_of(peter, paulpaul ).).
:-student_of(peter,peter).:-student_of(peter,peter).
:-likes(:-likes( paulpaul ,, paulpaul ).).
:-likes(:-likes( paulpaul ,peter).,peter).
:-likes(peter,peter).:-likes(peter,peter).

CWACWA

likes(peter,S):-likes(peter,S):-
student_of(S,peter).student_of(S,peter).

student_of(student_of( paulpaul ,peter).,peter).
likes(likes( paulpaul ,X).,X).

:-student_of(:-student_of( paulpaul ,, paulpaul ).).
:-student_of(peter,:-student_of(peter, paulpaul ).).
:-student_of(peter,peter).:-student_of(peter,peter).

:-likes(peter,peter).:-likes(peter,peter).

CWACWA

p.154-5

CWA(P) = P ∪  {:-A  | A ∈  Herbrand base, A is not a logical consequence of P}
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Predicate Completion

☞☞ Step 1: rewrite clauses such that the head contains onlyStep 1: rewrite clauses such that the head contains only
distinct variables, by addingdistinct variables, by adding literals  literals VarVar =Term=Term  to the to the
bodybody

☞☞ Step 2: for each head predicate, Step 2: for each head predicate, combine its clausescombine its clauses
into a single universally quantified implication withinto a single universally quantified implication with
disjunctive bodydisjunctive body

✓✓ take care of existential variablestake care of existential variables

☞☞ Step 3: turn all implications intoStep 3: turn all implications into  equivalencesequivalences

✓✓undefined predicates undefined predicates pp are rewritten to  are rewritten to ∀∀ X:X: ¬¬ p(X)p(X)

☞☞ (Step 4: rewrite as (Step 4: rewrite as general clausesgeneral clauses))

p.156
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Predicate Completion

likes(peter,S):-student_of(S,peter).likes(peter,S):-student_of(S,peter).
student_of(paul,peter).student_of(paul,peter).

likes(likes( XX,S):-,S):- X=peterX=peter ,student_of(S,peter).,student_of(S,peter).
student_of(student_of( XX,, YY):-):- X=paulX=paul ,, Y=peterY=peter ..

∀∀ XX∀∀ YY:likes(X,Y) :likes(X,Y) ←← (X=peter (X=peter   ∧∧   student_of(Y,peter))student_of(Y,peter))
∀∀ XX∀∀ YY:student_of(X,Y) :student_of(X,Y) ←← (X=paul (X=paul   ∧∧   Y=peter)Y=peter)

∀∀ XX∀∀ Y:likes(X,Y) Y:likes(X,Y) ↔↔  (X=peter (X=peter  ∧  ∧ student_of(Y,peter))student_of(Y,peter))
∀∀ XX∀∀ Y:student_of(X,Y) Y:student_of(X,Y) ↔↔ (X=paul (X=paul  ∧  ∧ Y=peter)Y=peter)

likes(peter,S):-student_of(S,peter).likes(peter,S):-student_of(S,peter).
X=peter:-likes(X,S).X=peter:-likes(X,S).
studentstudent _of(S,peter):-likes(X,S_of(S,peter):-likes(X,S ).).
student_of(paul,peter).student_of(paul,peter).
XX==paulpaul :-student_of(X,Y).:-student_of(X,Y).
Y=peter:-student_of(X,Y).Y=peter:-student_of(X,Y).

p.157
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Completion with existential variables

ancestor(X,Y):-parent(X,Y).ancestor(X,Y):-parent(X,Y).
ancestor(X,Y):-parent(X,ancestor(X,Y):-parent(X, ZZ),ancestor(),ancestor( ZZ,Y).,Y).

∀∀ XX∀∀ YY:ancestor(X,Y) :ancestor(X,Y) ←← ( parent(X,Y) ( parent(X,Y)   ∨∨   
(( ∃∃ ZZ:parent(X,:parent(X, ZZ))  ∧  ∧ ancestor(ancestor( ZZ,Y)) ),Y)) )

∀∀ XX∀∀ Y:ancestor(X,Y) Y:ancestor(X,Y) ↔↔ ( parent(X,Y) ( parent(X,Y)  ∨  ∨ 
(( ∃∃ Z:parent(X,Z)Z:parent(X,Z)  ∧  ∧ ancestor(Z,Y)) )ancestor(Z,Y)) )

ancestor(X,Y):-parent(X,Y).ancestor(X,Y):-parent(X,Y).
ancestor(X,Y):-parent(X,Z),ancestor(Z,Y).ancestor(X,Y):-parent(X,Z),ancestor(Z,Y).
parentparent (X,Y);parent(X,(X,Y);parent(X, pa(X,Y)pa(X,Y) ):-ancestor(X,Y).):-ancestor(X,Y).
parent(X,Y);ancestor(parent(X,Y);ancestor( pa(X,Y)pa(X,Y) ,Y):-ancestor(X,Y).,Y):-ancestor(X,Y).

p.157
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Completion with negation

bird(tweety).bird(tweety).
flies(X):-bird(X),not abnormal(X).flies(X):-bird(X),not abnormal(X).

bird(bird( XX):-):- X=tweetyX=tweety ..
flies(X):-bird(X),not abnormal(X).flies(X):-bird(X),not abnormal(X).

∀∀ XX:bird(X) :bird(X) ←← X=tweety X=tweety
∀∀ XX:flies(X) :flies(X) ←← ( bird(X) ( bird(X)   ∧∧   ¬¬ abnormal(X) )abnormal(X) )

∀∀ X:bird(X) X:bird(X) ↔↔ X=tweety X=tweety
∀∀ X:flies(X) X:flies(X) ↔↔ ( bird(X) ( bird(X)  ∧ ¬ ∧ ¬ abnormal(X) )abnormal(X) )
∀∀ X:X: ¬¬ abnormal(X)abnormal(X)

bird(tweety).bird(tweety).
X=tweety:-bird(X).X=tweety:-bird(X).
flies(X);abnormal(X):-bird(X).flies(X);abnormal(X):-bird(X).
bird(X):-flies(bird(X):-flies( XX).).
:-:- flies(X),abnormal(Xflies(X),abnormal(X ).).
:-:- abnormal(X).abnormal(X).

p.158



Simply Logical Ð Chapter 8 © Peter Flach, 2000

Exercise 8.3

wise(X):-not teacher(X).wise(X):-not teacher(X).
teacher(peter):-wise(peter).teacher(peter):-wise(peter).

wise(X):-not teacher(X).wise(X):-not teacher(X).
teacher(teacher( XX):-):- X=peterX=peter ,wise(peter).,wise(peter).

∀∀ XX:wise(X) :wise(X) ←←  ¬¬ teacher(X)teacher(X)
∀∀ XX:teacher(X) :teacher(X) ←← ( X=peter ( X=peter   ∧∧   wise(peter) )wise(peter) )

∀∀ X:wise(X) X:wise(X) ↔↔  ¬¬ teacher(X)teacher(X)
∀∀ X:teacher(X) X:teacher(X) ↔↔ ( X=peter ( X=peter  ∧  ∧ wise(peter) )wise(peter) )

wise(X);teacher(X).wise(X);teacher(X).
:-wise(X),teacher(X).:-wise(X),teacher(X).
teacher(peter):-wise(peter).teacher(peter):-wise(peter).
XX=peter:-teacher(X=peter:-teacher(X ).).
wisewise (peter):-teacher(X).(peter):-teacher(X).

p.158

inconsistent!
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Abductive meta-interpreter

%% abduce abduce (O,E0,E) <-(O,E0,E) <- E isE is  abductive abductive  explanation of O explanation of O , given, given  E0 E0

abduceabduce (true,E,E):-!.(true,E,E):-!.

abduceabduce ((A,B),E0,E):-!,((A,B),E0,E):-!,
abduceabduce (A,E0,E1),(A,E0,E1),
abduceabduce (B,E1,E).(B,E1,E).

abduceabduce (A,E0,E):-(A,E0,E):-
clause(A,B),clause(A,B),
abduceabduce (B,E0,E).(B,E0,E).

abduceabduce (( AA,E,E):-,E,E):- % already assumed% already assumed
element(element( AA,E).,E).

abduceabduce (( AA,E,[,E,[ AA|E]):-|E]):- % % A A can be added to Ecan be added to E
not element(not element( AA,E),,E), % if it's not already there,% if it's not already there,
abducibleabducible (( AA).). % and if it's% and if it's   abducibleabducible

abducible(A):-not clause(A,_).abducible(A):-not clause(A,_).

p.159

Abduction: given a Theory and an Observation, find an Explanation such that 
the Observation is a logical consequence of Theory ∪  Explanation 
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Abduction: examples

?-abduce(likes(peter,paul),[],E).?-abduce(likes(peter,paul),[],E).

E = [student_of(paul,peter)] ;E = [student_of(paul,peter)] ;

E = [friend(paul,peter)]E = [friend(paul,peter)]

p.160

likes(peter,S):-student_of(S,peter).likes(peter,S):-student_of(S,peter).
likes(X,Y):-friend(Y,X).likes(X,Y):-friend(Y,X).

?-abduce(flies(tweety),[],E).?-abduce(flies(tweety),[],E).

E = [not abnormal(tweety),penguin(tweety)] ; % WRONG!!!E = [not abnormal(tweety),penguin(tweety)] ; % WRONG!!!

E = [not abnormal(tweety),sparrow(tweety)]E = [not abnormal(tweety),sparrow(tweety)]

flies(X):-bird(X),not abnormal(X).flies(X):-bird(X),not abnormal(X).
abnormal(X):-penguin(X).abnormal(X):-penguin(X).
bird(X):-penguin(X).bird(X):-penguin(X).
bird(X):-sparrow(X).bird(X):-sparrow(X).



Simply Logical Ð Chapter 8 © Peter Flach, 2000

Abduction with negation

abduceabduce (true,E,E):-!.(true,E,E):-!.

abduceabduce ((A,B),E0,E):-!,((A,B),E0,E):-!,
abduceabduce (A,E0,E1),(A,E0,E1),
abduceabduce (B,E1,E).(B,E1,E).

abduceabduce (A,E0,E):-(A,E0,E):-
clause(A,B),clause(A,B),
abduceabduce (B,E0,E).(B,E0,E).

abduceabduce (( AA,E,E):-,E,E):-
element(element( AA,E).,E). % already assumed% already assumed

abduceabduce (( AA,E,[,E,[ AA|E]):-|E]):- % % A A can be added to Ecan be added to E
not element(not element( AA,E),,E), % if it's not already there,% if it's not already there,
abducibleabducible (( AA),), % if it's% if it's  abducible abducible ,,
notnot  abduce abduce _not(_not( AA,E,E).,E,E). % and E doesn't explain % and E doesn't explain not(A)not(A)

abduceabduce (( not(A)not(A) ,E0,E):-,E0,E):- % find explanation for % find explanation for not(A)not(A)
not element(not element( AA,E0),,E0), % should be consistent% should be consistent
abduceabduce _not(_not( AA,E0,E).,E0,E).

p.161



Simply Logical Ð Chapter 8 © Peter Flach, 2000

Explaining negative literals

%% abduce abduce _not(O,E0,E) <- E is_not(O,E0,E) <- E is  abductive abductive  explanation of not(O) explanation of not(O)

abduceabduce _not(_not( (A,B)(A,B) ,E0,E):-!,,E0,E):-!,
abduceabduce _not(_not( AA,E0,E),E0,E) ;; % % disjunctiondisjunction
abduceabduce _not(_not( BB,E0,E).,E0,E).

abduceabduce _not(_not( AA,E0,E):-,E0,E):-
setofsetof (B,clause((B,clause( AA,B),,B), LL),),
abduceabduce _not_l(_not_l( LL,E0,E).,E0,E).

abduceabduce _not(_not( AA,E,E):-,E,E):-
element(element( not(A)not(A) ,E).,E). % % not(A) not(A) already assumedalready assumed

abduceabduce _not(_not( AA,E,[,E,[ not(A)not(A) |E]):-|E]):- % % not(A) not(A) can be added to Ecan be added to E
not element(not element( not(A)not(A) ,E),,E), % if it's not already there,% if it's not already there,
abducibleabducible (( AA),), % if % if A A isis  abducible abducible
notnot  abduce abduce (( AA,E,E).,E,E). % and E doesn't explain % and E doesn't explain AA

abduceabduce _not(_not( not(A)not(A) ,E0,E):-,E0,E):- % find explanation for % find explanation for AA
not element(not element( not(A)not(A) ,E0),,E0), % should be consistent% should be consistent
abduceabduce (( AA,E0,E).,E0,E).

p.162
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Abduction with negation: example

p.160

?-abduce(flies(tweety),[],E).?-abduce(flies(tweety),[],E).

E = [E = [ not penguin(tweety),not dead(tweety)not penguin(tweety),not dead(tweety) ,, sparrow(tweety)sparrow(tweety) ]]

?-abduce(flies1(tweety),[],E).?-abduce(flies1(tweety),[],E).

E = [E = [ sparrow(tweety)sparrow(tweety) ,, not penguin(tweety),not dead(tweety)not penguin(tweety),not dead(tweety) ]]

flies(X):-bird(X),not abnormal(X).flies(X):-bird(X),not abnormal(X).
flies1(X):-not abnormal(X),bird(X).flies1(X):-not abnormal(X),bird(X).
abnormal(X):-penguin(X).abnormal(X):-penguin(X).
abnormal(X):-dead(X).abnormal(X):-dead(X).
bird(X):-penguin(X).bird(X):-penguin(X).
bird(X):-sparrow(X).bird(X):-sparrow(X).
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Abduction generalises negation as failure

p.160

?-abduce(flies(X),[],E).?-abduce(flies(X),[],E).

NoNo

?-abduce(notflies(X),[],E).?-abduce(notflies(X),[],E).

E = [E = [ not flying_deadthing(dracula)not flying_deadthing(dracula) ]]

notflies(X):-mammal(X),not flying_mammal(X).
flies(X):-bat(X),not nonflying_bat(X).
notflies(X):-dead(X),not flying_deadthing(X).
mammal(X):-bat(X).
bat(dracula).
dead(dracula).
flying_mammal(X):-bat(X).
nonflying_bat(X):-dead(X).
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3-bit adder

X

Y

Z

S

Sum
xor1

xor2

C1

C2

Carry

and1

and2

or1

Fig. 8.3, p.164
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3-bit adder in Prolog

adder(N, X, Y, Z, Sum, Carry ):-
   xorg(N-xor1, X, Y,S), % N-xor1 is the name of this gate
   xorg(N-xor2, Z,S,Sum),
   andg(N-and1, X, Y,C1),
   andg(N-and2, Z, S,C2),
   org(N-or1,C1,C2,Carry).

% fault model (similar for andg, org)
xorg(N,X,Y,Z):-xor(X,Y,Z). % normal operation
xorg(N,1,1,1):-fault(N=s1). % stuck at 1
xorg(N,0,0,1):-fault(N=s1). % stuck at 1
xorg(N,1,0,0):-fault(N=s0). % stuck at 0
xorg(N,0,1,0):-fault(N=s0). % stuck at 0

% gates (similar for and, or)
xor(1,0,1).
xor(0,1,1).
xor(1,1,0).
xor(0,0,0).
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Abductive diagnosis

?-abduce(adder(a, 0, 0, 1, 0, 1),[],D).

D = [fault (a-or1 =s1),fault( a-xor2 =s0)];

D = [fault( a-and2 =s1),fault( a-xor2 =s0)];

D = [fault( a-and1 =s1),fault( a-xor2 =s0)];

D = [fault( a-and2 =s1),fault( a-and1 =s1),fault (a-xor2 =s0)];

D = [fault( a-xor1 =s1)];

D = [fault( a-or1 =s1),fault( a-and2 =s0),fault( a-xor1 =s1)];

D = [fault( a-and1 =s1),fault( a-xor1 =s1)];

D = [fault( a-and2 =s0),fault( a-and1 =s1),fault( a-xor1 =s1)];

No more solutions
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