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(b) Translation into first−order logic
i

S
ub

se
t

S
ub

se
t Subset

Sub
se

t

Name(Opus,"Opus")
j
Name(Bill,"Bill")
j
Friend(Opus,Bill)
k
Friend(Bill,Opus)
k

Animals
l

Birds
m

Mammals
n

Penguins
o

Cats
p

Bats
m

Rel(Alive,Animals,T)
q

Rel(Flies,Birds,T)
q
Rel(Legs,Birds,2)
q
Rel(Legs,Mammals,4)
q

Rel(Flies,Penguins,F)
q
Rel(Legs,Bats,2)
q
Rel(Flies,Bats,T)
q

Rel(Flies,Animals,F)
q

M
em

be
r

M
em

be
r

M
em

be
r

Opus     Penguins
r
Bill     Cats
m
Pat     Bats
o

Name(Pat,"Pat")
j

Flies:    F
k

Legs:    2
s
Flies:    T
k Legs:    4

s

Flies:    F
k Legs:    2

s
Flies:    T
k

Opus
r

Bill
m

Friend:
k

Friend:
k

Pat
o

Name:    Pat
j

Name:    Bill
j

Name:    Opus
j

Alive:    T
l

Subset

(a) A frame−based knowledge base
i

Birds       Animals
m
Mammals       Animals
n

Penguins       Birds
o
Cats       Mammals
p
Bats       Mammals
m
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Link Type Semantics Example

A Subsett.u B A v B Cats v Mammals
A MembertGu B A w B Bill w Cats
A Rt.u B R(A, B) Bill Agetxu 12

A Rt.u B y x x w A z R(x, B) Birds Legst{u 2

A Rt.u B y x | y x w A z y w B } R(x, y) Birds Parentt{u Birds
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Opus

Animate

Cartoon
Character

Penguin
Vocalization
�

Vocalization
�

SquawksSpeech
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