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n
co

n
tra

d
ictio

n
.
T
h
is

ca
n
e
ith

e
r
m
e
a
n
th
a
t
th
e

k
n
o
w
le
d
g
e
b
a
se

is
in
co

n
siste

n
t
o
r
th
a
t
th
e
n
e
g
a
tio

n
o
f
th
e
se
n
te
n
ce

w
e

trie
d
to

p
ro
ve

is
u
n
sa
tisfi

a
b
le
,
i.e

.,
th
e
co

n
je
ctu

re
fo
llo

w
s
fro

m
th
e

k
n
o
w
le
d
g
e
b
a
se
.
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u
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.
R
e
so
lu
tio

n
:
e
xa

m
p
le

.

•
In

o
u
r
e
xa

m
p
le
,
w
e
w
a
n
t
to

fi
n
d
a
so
lu
tio

n
to

th
e
fa
cts

in
o
u
r
k
n
o
w
le
d
g
e

b
a
se
:

K
:=

{{
A
,
B
,
C
}

︸
︷
︷

︸

a

,{¬
A
,
B
,
C
}

︸
︷
︷

︸

b

,{¬
A
,¬

C
,¬

B
}

︸
︷
︷

︸

c

,{
B
,¬

C
}

︸
︷
︷

︸

d

,{¬
A
,¬

B
,
C
}

︸
︷
︷

︸

e

,{
A
,
C
}

︸
︷
︷

︸

f

}

{
a
,
b}

→
{
B
,
C
}
=
:
g

{
a
,
d}

→
{
A
,
B
}
=
:
h

{
b
,
d}

→
{¬

A
,
B
}
=
:
i

{
b
,
e}

→
{¬

A
,
C
}
=
:
j

{
c
,
d}

→
{¬

A
,¬

C
}
=
:
k

{
c
,
e}

→
{¬

A
,¬

B
}
=
:
l

{
d
,
g}

→
{
B
}
=
:
m

{
e
,
f}

→
{¬

B
,
C
}
=
:
n

{
f
,
j}

→
{
C
}
=
:
o

{
i,
l}

→
{¬

A
}
=
:
p

•
In

co
n
clu

sio
n
,
w
e
fi
n
d
th
a
t
B
ria

n
a
n
d
C
o
lin

are
g
u
ilty,

A
u
stin

is
n
o
t.

•
W

e
h
a
ve

to
syste

m
a
tica

lly
try

a
ll
co

m
b
in
a
tio

n
s
o
f
cla

u
se
s
w
h
e
n
se
arch

in
g

fo
r
a
so
lu
tio

n
sin

ce
if
a
n
y
o
f
th
e
m

h
a
d
re
su
lte

d
in

a
n
e
m
p
ty

cla
u
se
,
w
e

w
o
u
ld

h
a
ve

fo
u
n
d
th
a
t
th
e
k
n
o
w
le
d
g
e
b
a
se

h
a
s
n
o
so
lu
tio

n
,
i.e

.,
it

is

in
co

n
siste

n
t
in
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lf.
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in
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lu
tio
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a
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b
le

.
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W

e
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n
d
e
rive

th
e
sa
m
e
so
lu
tio

n
b
y
m
e
a
n
s
o
f
a
tru

th
ta
b
le
:

A
B

C
a

b
c

d
e

f
K

0
0

0
0

1
1

1
1

0
0

0
0

1
1

1
1

0
1

1
0

0
1

0
1

1
1

1
1

0
0

0
1

1
1

1
1

1
1

1
1

1
0

0
1

0
1

1
1

1
0

1
0

1
1

1
1
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1
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0
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1
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1
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1

1
0
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0
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1

1
1

1
0
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1

1
0
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u
e
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d
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d
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.
R
e
so
lu
tio

n
:
e
xa

m
p
le

(co
n
t.)

.

•
L
e
t
u
s
n
o
w

try
to

p
ro
ve

w
h
e
th
e
r
B
ra
d
o
r
C
o
lin

are
cu

lp
rits,

so
,
w
e
n
o
w

h
a
ve

to
ta
ke

th
e
C
N
F
o
f
a
ll
th
e
fa
cts

fro
m

o
u
r
k
n
o
w
le
d
g
e
b
a
se

{{
A
,
B
,
C
}

︸
︷
︷

︸

a

,{¬
A
,
B
,
C
}

︸
︷
︷

︸

b

,{¬
A
,¬

C
,¬

B
}

︸
︷
︷

︸

c

,{
B
,¬

C
}

︸
︷
︷

︸

d

,{¬
A
,¬

B
,
C
}

︸
︷
︷

︸

e

,{
A
,
C
}

︸
︷
︷

︸

f

}

a
n
d
th
e
C
N
F
o
f
th
e
n
e
g
a
te
d
co

n
je
ctu

re
J

:=
B

∨
C
,
i.e

.,

¬
J

⇔
¬
(B

∨
C
)
⇔

{{¬
B
}

︸
︷
︷
︸

g

,{¬
C
}

︸
︷
︷
︸

h

}
(17)
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d
try

to
d
e
rive
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p
ty

cla
u
se
:

{
b
,
g}

→
{¬

A
,
C
}
=
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i

{
f
,
i}

→
{
C
}
=
:
j

{
h
,
j}

→
{}
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co
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sio
n
,
w
e
w
e
re

a
b
le

to
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th
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t
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o
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o
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F
in
d
in
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so
lu
tio

n
s
u
sin

g
a
tru

th
ta
b
le

(co
n
t.)

.

•
A
g
a
in
,
th
e
sa
m
e
re
su
lt

ca
n
b
e
fo
u
n
d
w
h
e
n
co

n
su
ltin

g
th
e
tru

th
ta
b
le
:

A
B

C
a

b
c

d
e

f
g

h
K

∧
¬
J

0
0

0
0

1
1

1
1

0
1

1
0

0
0
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1
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1

0
1
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1

0
0

0
1
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0
0
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0

0
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0
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0
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d
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.
1
st-o

rd
e
r
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.

•
1
st-o

rd
e
r
lo
g
ic

(a
ka

a
s
p
re
d
ica

te
lo
g
ic)

is
a
n
e
xte

m
sio

n
to

p
ro
p
o
sitio

n
a
l

lo
g
ic.

•
M
a
in

d
iff
e
re
n
ce

is
its

a
d
d
itio

n
a
l
u
se

o
f
p
re
d
ica

te
s,

fu
n
ctio

n
s
a
n
d

q
u
a
n
tifi

e
rs.

•
A

p
re
d
ica

te
re
tu
rn
s
b
o
o
le
a
n
,
a
fu
n
ctio

n
n
o
n
-b
o
o
le
a
n
va

lu
e
s.

•
A

q
u
a
n
tifi

e
r
is

a
n
o
p
e
ra
to
r
d
e
fi
n
in
g
th
e
sco

p
e
o
f
varia

b
le
s:

–
∀

is
th
e
u
n
ive

rsa
l
q
u
a
n
tifi

e
r,

–
∃

is
th
e
e
xiste

n
tia

l
q
u
a
n
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e
r.
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.
1
st-o

rd
e
r
lo
g
ic:

e
xa

m
p
le
s

.

•
e
xa

m
p
le

fu
n
ctio

n
s:

–
+

a
s
in

x
+

y

–
a
n
y
co

n
sta

n
t
su
ch

a
s
th
e
n
u
m
e
ra
l
1

–
a
g
e
(x

)
re
tu
rn
in
g
th
e
a
g
e
o
f
th
e
o
b
je
ct

x

•
e
xa

m
p
le

p
re
d
ica

te
s:

–
>

a
s
in

x
>

y

–
p
ro
p
o
sitio

n
a
l
varia

b
le
s

–
⊤

a
n
d
⊥

–
isS

tu
d
e
n
t(x

)
re
tu
rn
in
g
⊤

iff
x

is
a
stu

d
e
n
t

•
te
rm

s:

1
.
A
n
y
varia

b
le

is
a
te
rm

.

2
.
A
n
y
e
xp

re
ssio

n
f
(t

1
,
.
.
.
,
t
n
),

w
ith

th
e
n
-ary

fu
n
ctio

n
sym

b
o
l
f

a
n
d

th
e
te
rm

s
t
1
,
.
.
.
,
t
n
,
is

a
te
rm

.

S
u
e
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e
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.
1
st-o

rd
e
r
lo
g
ic:

e
xa

m
p
le
s
o
n
h
o
w

to
tra

n
sla

te
n
a
tu
ra
l
la
n
g
u
a
g
e
in
to

fo
rm

u
la
s

.

•
A
ll
stu

d
e
n
ts

are
sm

art:

∀
x
(isS

tu
d
e
n
t(x

)
→

isS
m
art(x

)).
(18)

•
T
h
e
re

is
a
sm

art
stu

d
e
n
t:

∃
x
(isS

tu
d
e
n
t(x

)∧
isS

m
art(x

)).
(19)

•
E
ve

ry
stu

d
e
n
t
w
h
o
ta
ke

s
K
n
o
w
le
d
g
e
-B

a
se
d
S
yste

m
s
re
p
e
a
ts

th
e

fu
n
d
a
m
e
n
ta
ls

o
f
L
o
g
ic.

∀
x
(isS

tu
d
e
n
t(x

)∧
ta
ke

s(x
,
k
b
s)

→
re
p
e
a
ts(x

,
lo
g
ic)).

(20)

•
E
ve

ry
stu

d
e
n
t
lo
ve

s
so
m
e
stu

d
e
n
t:

∀
x
(isS

tu
d
e
n
t(x

)
→

∃
y
(isS

tu
d
e
n
t(y

)∧
lo
ve

s(x
,
y
))).

(21)

•
B
illy

h
a
s
o
n
e
b
ro
th
e
r:

∃
x
(isB

ro
th
e
rO

f(x
,
b
illy)∧

∀
y
(isB

ro
th
e
rO

f(y
,
b
illy)

→
x
=

y
)).

(22)
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.
M
o
d
a
l
lo
g
ic

.

•
M
o
d
a
l
lo
g
ic

e
xte

n
d
s
th
e
sta

n
d
ard

s
o
f
fo
rm

a
l
lo
g
ic

w
ith

e
le
m
e
n
ts

o
f

m
o
d
a
lity:

–
p
o
ssib

ility
(K

rip
ke

1
9
5
9
:
“
p
o
ssib

le
w
o
rld

s”
;
o
p
e
ra
to
r
♦
),

–
n
e
ce
ssity

(o
p
e
ra
to
r
�
).

•
E
a
ch

o
f
th
e
m

ca
n
b
e
re
p
re
se
n
te
d
b
y
th
e
o
th
e
r
w
ith

n
e
g
a
tio

n
:

♦
ϕ

↔
¬
�
¬
ϕ
,

(23)

�
ϕ

↔
¬
♦¬

ϕ
.

(24)

•
m
o
d
a
l
o
p
e
ra
to
rs

a
n
d
q
u
a
n
tifi

e
rs—

th
e
B
arca

n
fo
rm

u
læ

:

∃
x
♦
ϕ

→
♦∃

x
ϕ

(25)

♦∃
x
ϕ

?
→

∃
x
♦
ϕ

(W
ittg

e
n
ste

in
’s
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n
)

(26)
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.

•
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d
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m
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d
p
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o
f

•
in
te
llig

e
n
t
se
arch

a
n
d
p
ro
b
le
m

so
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g
stra

te
g
ie
s

•
e
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syste
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g
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u
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.
S
e
arch

a
n
d
p
ro
b
le
m

so
lvin

g
:
in
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d
u
ctio

n
.

•
P
ro
b
le
m

so
lvin

g
is

th
e
se
arch

fo
r
a
so
lu
tio

n
in

a
g
ive

n
sce

n
ario

.

•
Q
u
e
stio

n
s
ra
ise

d
b
y
se
arch

a
lg
o
rith

m
s
a
t
ru
n
tim

e
in
clu

d
e

–
H
o
w

g
o
o
d
a
m

I
a
t
th
e
m
o
m
e
n
t?

–
H
o
w

d
o
I
e
stim

a
te

w
h
a
t
is

still
m
issin

g
?

•
P
o
p
u
lar

se
arch

fa
m
ilie

s
are

–
lo
ca

l
se
arch

(e
.g
.
h
ill

clim
b
in
g
)

–
g
ra
p
h
a
n
d
tre

e
tra

ve
rsa

l

·
d
e
p
th
-fi
rst

se
arch

(D
F
S
)

·
b
re
a
d
th
-fi
rst

se
arch

(B
F
S
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.
H
ill

clim
b
in
g

.

•
H
ill

clim
b
in
g
is

a
n
ite

ra
tive

a
lg
o
rith

m
th
a
t

1
.
starts

w
ith

a
n
arb

itrary
so
lu
tio

n
x
=

x
0
to

th
e
p
ro
b
le
m

w
ith

a

p
e
rfo

rm
a
n
ce

f
(x

),

2
.
in
cre

m
e
n
ta
lly

ch
a
n
g
e
s
a
sin

g
le

e
le
m
e
n
t
o
f
x

re
su
ltin

g
in

x
′,

3
.
if
th
e
ch

a
n
g
e
im

p
ro
ve

d
th
e
so
lu
tio

n
(i.e

.,
f
(x

′)
>

f
(x

)),
th
e
n
th
e

so
lu
tio

n
is

u
p
d
a
te
d
(x

:=
x
′),

a
n
d
th
e
a
lg
o
rith

m
co

n
tin

u
e
s
a
t
S
te
p
2
.

4
.
If

n
o
fu
rth

e
r
im

p
ro
ve

m
e
n
t
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n
b
e
p
ro
d
u
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d
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e
a
lg
o
rith

m
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p
s.

•
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b
e
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ll
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r
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ve
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su
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s.
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b
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.
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b
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xim

a
.
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H
e
n
ce
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if
f
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)
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n
o
t
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n
ve
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it
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o
t
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n
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e
g
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b
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o
p
tim

u
m
.
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E
.g
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e
a
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o
rith
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starts
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t
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p
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r
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in
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e
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w
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g
e
xa

m
p
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,
it
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o
t
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n
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e
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e
g
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b
a
l
m
a
xim

u
m
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S
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b
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w
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b
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H
ill

clim
b
in
g
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g
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.
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H
ill
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e
d
e
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n
itio

n
o
f
th
e
e
xp

e
cte

d

va
lu
e

E
=

∑

i

x
i p
(x

i ).
(27)
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b
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b
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e
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x
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s
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2
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e
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b
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e
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.
W

h
y
d
o
e
s
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e
o
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e
r
o
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q
u
e
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n
s
m
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r?
(co

n
t.)

.

•
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o
f
th
e
o
rd
e
r
A
,B

,
w
e
a
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o
n
e
q
u
e
stio

n
w
ith

th
e
p
ro
b
a
b
ility

p
(2

)

a
n
d
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o
q
u
e
stio

n
s
w
ith

1
−

p
(2

),
i.e

.,

E
(A

,
B
)
=

1
·
p
(2

)
+

2
·
(1

−
p
(2

))
=

2
−

p
(2

).
(28)

•
S
im

ilarly,
fo
r
th
e
o
rd
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r
B
,A

,
w
e
g
e
t

E
(B

,
A
)
=

1
·
p
(3

)
+

2
·
(1

−
p
(3

))
=

2
−

p
(3

).
(29)
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n
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n
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c
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lu
e
s
o
f
p
(2
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n
d
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E
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B
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A
)
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b
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p
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e
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(1

)
=

0
.3
;

p
(2

)
=

0
.4
;

p
(3

)
=

0
.3
.

(30)

•
T
h
is
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su
lts

in

E
(A

,
B
)
=

1
.6
;

E
(B

,
A
)
=

1
.7
.

(31)
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n
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.

•
A
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w
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m
b
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s
a
d
e
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n
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e
.

−→
W

e
ca

n
u
se

w
e
ll-e
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e
d
m
a
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e
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g
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ch

n
iq
u
e
s.
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T
o
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n
d
th
e
m
o
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n
t
q
u
e
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n
s,

i.e
.
th
e
o
n
e
s
p
ro
vid

in
g
m
a
xim

u
m
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fo
rm

a
tio

n
,
le
t’s

u
se

th
e
in
fo
rm

a
tio

n
g
a
in

m
e
a
su
re
:

I
(D

;
A

m
)
=

H
(A

m
)
+

H
(D

)−
H

(A
m
,
D
)
.

(32)

H
is

S
h
a
n
n
o
n
’s

e
n
tro

p
y
d
e
fi
n
e
d
a
s,

e
.g
.

H
(D

)
=

−
∆
∑δ
=

1

P
(δ

)
lo
g
2
P
(δ

)
(33)

w
h
e
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δ
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{
1
,
.
.
.
,
∆
}
are

th
e
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ct
d
e
stin
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tio

n
s
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e
cu

rre
n
tly

p
ro
ce
sse

d
b
u
sin
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ss

lo
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b
le
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•
A
t
e
ve

ry
n
o
d
e
in
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e
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w
,
w
e
d
e
te
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e
w
h
ich

q
u
e
stio

n
le
a
d
s
to

th
e

m
a
xim

u
m

in
fo
rm

a
tio

n
g
a
in
:

Q
m̂

w
ith

m̂
=
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rg

m
a
x

m
=

1
,...,M

I
(D
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A

m
)
.

(34)
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b
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ro
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p
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.
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b
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.

•
E
xp

e
rim

e
n
t
p
ara

m
e
te
rs:

n
u
m
b
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b
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b
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b
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a
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d
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n
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.
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u
e
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e
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b
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p
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(ca
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e
d
u
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ke

a
p
aym
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e
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p
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,
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ra
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=
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b
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.
A

re
w
ard

fu
n
ctio

n
.

•
T
h
e
m
a
in

arg
u
m
e
n
t
fo
r
u
sin

g
co

m
m
e
rcia

l
sp

o
ke

n
d
ia
lo
g
syste

m
s
is

to

re
p
la
ce

th
e
h
u
m
a
n
a
g
e
n
t
to

sa
ve

co
sts.

•
C
a
n
w
e
q
u
a
n
tify

th
e
sa
vin

g
s?

•
A
n
d
if
so
,
w
h
a
t
ca

n
w
e
d
o
to

o
p
tim

ize
th
e
m
?

T
im

e
is

m
o
n
e
y:

F
ro
m

S
to

R

•
P
rin

cip
a
lly,

a
n
a
p
p
lica

tio
n
’s

p
e
rfo

rm
a
n
ce

is
d
e
te
rm

in
e
d
b
y
th
e
fra

ctio
n
o
f

ca
lls

co
m
p
le
te
d
w
ith

o
u
t
a
g
e
n
t
in
te
rve

n
tio

n
(th

e
a
u
to
m
a
tio

n
ra
te

A
).

•
C
o
n
sid

e
r
a
n
a
ve

ra
g
e
co

st
W

A
a
sso

cia
te
d
w
ith

a
ca

ll
su
cce

ssfu
lly

h
a
n
d
le
d

b
y
a
h
u
m
a
n
a
g
e
n
t.

•
O
n
th
e
o
th
e
r
h
a
n
d
,
a
u
to
m
a
te
d
ca

lls
p
ro
d
u
ce

co
sts

(h
o
stin

g
,
lice

n
sin

g
o
r

te
le
p
h
o
n
y
fe
e
s)

th
a
t
d
e
p
e
n
d
o
n
th
e
ca

ll
d
u
ra
tio

n
T
.

•
T
h
e
p
e
r-tim

e
-u
n
it

co
st

is
W

T
.

•
C
o
n
se
q
u
e
n
tly,

th
e
o
ve

ra
ll
sa
vin

g
s/
re
w
ard

is

S
=

W
A
A

−
W

T
T

[$
]

−→
R

=
T
A
A

−
T

[s
]

(35)
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.
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ra
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b
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g
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e
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ra
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se

p
e
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rm
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e
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ke
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t
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ra
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n
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b
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p
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n
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e
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r
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o
n
sp

o
ke

n
d
ia
lo
g
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m
s
is

th
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n
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m
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n
d
e
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n
d
h
u
m
a
n
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e
e
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.

•
S
p
e
e
ch

re
co

g
n
itio

n
a
n
d
u
n
d
e
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n
d
in
g
p
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b
le
m
s
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u
se
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tio
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a
h
u
m
a
n
u
p
o
n
re
a
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g
a
m
a
x
n
u
m
b
e
r
o
f
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e
e
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e
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rs”
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g
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w
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n
g
p
a
th
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d
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n
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R
u
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a
se
d
g
ra
m
m
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.

•
D
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cte
d
d
ia
lo
g
:
th
e
p
ro
m
p
t
su
g
g
e
sts

w
h
a
t
th
e
ca

lle
r
sh
o
u
ld

say
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D
o
yo

u
h
a
ve

m
o
re

th
a
n
o
n
e
T
V

a
t
h
o
m
e
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W

h
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t
b
ra
n
d
o
f
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o
d
e
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d
o
yo

u
h
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ve
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O
p
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p
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u
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te
ll
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yo

u
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u
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d
ay.
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l
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p
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u
se
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le
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g
ra
m
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cte
d
d
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lo
g
:

–
d
a
ta

fo
r
sta

tistica
l
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m
m
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b
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b
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ra
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.
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m
m
ars
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e
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n
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a
tch
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p
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yo
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b
ra
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ra
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b
ra
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.
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p
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ra
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b
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p
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d
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u
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a
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n
te
n
d
in
g

2
8
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.9
s

∆
R
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tlin

e
.

•
lo
g
ic

a
n
d
co

m
p
u
te
r-a

ssiste
d
p
ro
o
f

•
in
te
llig

e
n
t
se
arch

a
n
d
p
ro
b
le
m

so
lvin

g
stra

te
g
ie
s

•
e
xp

e
rt

syste
m
s
a
n
d
d
ia
lo
g
syste

m
s

•
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ro
lo
g
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.
P
ro
lo
g

.

•
P
ro
lo
g
(p
ro
g
ra
m
m
in
g
in

lo
g
ic)

is
p
ro
g
ra
m
m
in
g
la
n
g
u
a
g
e
a
sso

cia
te
d
w
ith

artifi
cia

l
in
te
llig

e
n
ce

a
s
w
e
ll
a
s
co

m
p
u
te
r
lin

g
u
istics.

•
In

a
cco

rd
a
n
ce

w
ith

th
e
arch

ite
ctu

re
o
f
X
P
S
s,

th
e
m
a
in

co
m
p
o
n
e
n
ts

o
f

lo
g
ica

l
p
ro
g
ra
m
m
in
g
are

1
.
a
k
n
o
w
le
d
g
e
b
a
se

(fa
cts

a
n
d
ru
le
s),

2
.
a
n
in
fe
re
n
ce

e
n
g
in
e
.

•
A
d
va

n
ta
g
e
o
f
lo
g
ica

l
p
ro
g
ra
m
m
in
g
is

th
a
t
o
n
e
d
o
e
s
n
o
t
h
a
ve

to
d
e
ve

lo
p

a
n
a
lg
o
rith

m
to

so
lve

th
e
p
ro
b
le
m

sin
ce

th
is

jo
b
is

d
o
n
e
b
y
th
e
in
fe
re
n
ce

e
n
g
in
e
.

•
In
ste

a
d
,
w
e
d
e
scrib

e
th
e
p
ro
b
le
m

b
y
m
e
a
n
s
o
f
lo
g
ica

l
fo
rm

u
la
s.

•
T
h
e
o
p
e
n
-so

u
rce

S
W

I-P
ro
lo
g
is

a
va

ila
b
le

a
s
p
art

o
f
th
e
m
a
jo
r
L
in
u
x

d
istrib

u
tio

n
s
a
s
w
e
ll
a
s
C
yg

w
in

(h
t
t
p
:
/
/
c
y
g
w
i
n
.
c
o
m
)
o
r
ca

n
b
e
o
b
ta
in
e
d

fro
mh
t
t
p
:
/
/
w
w
w
.
s
w
i
-
p
r
o
l
o
g
.
o
r
g

S
u
e
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rm
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n
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d
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.
F
a
cts

a
n
d
ru
le
s

.

•
F
a
cts

are
a
to
m
ic

fo
rm

u
la
s
w
ith

th
e
P
ro
lo
g
syn

ta
x

p
(t

1
,
.
.
.
,
t
n
)

(36)

fe
a
tu
rin

g
th
e
p
re
d
ica

te
p
a
n
d
th
e
te
rm

s
t
1
,
.
.
.
,
t
n
.

•
A
ll
th
e
varia

b
le
s
in

fa
cts

are
u
n
ive

rsa
lly

b
o
u
n
d
,
i.e

.,
E
q
.
3
6
re
p
re
se
n
ts

th
e

lo
g
ica

l
fo
rm

u
la

∀
x
1
,
.
.
.
,
x
m
(p

(t
1
,
.
.
.
,
t
n
)).

(37)

•
R
u
le
s
are

co
n
d
itio

n
a
l
p
ro
p
o
sitio

n
s
w
ith

th
e
P
ro
lo
g
syn

ta
x

A
:−

B
1
,
.
.
.
,
B

n
.

(38)

fe
a
tu
rin

g
th
e
a
to
m
ic

fo
rm

u
la
s
A
,
B

1
,
.
.
.
,
B

n
.

•
A
g
a
in
,
a
ll
th
e
varia

b
le
s
in

ru
le
s
are

u
n
ive

rsa
lly

b
o
u
n
d
,
so
,
E
q
.
3
8

re
p
re
se
n
ts

th
e
fo
rm

u
la

∀
x
1
,
.
.
.
,
x
m
(B

1
∧

.
.
.∧

B
n
→

A
).

(39)

•
T
h
is

g
e
n
e
ra
lly

re
q
u
ire

s
fo
rm

u
la
s
to

b
e
g
ive

n
a
s
H
o
rn

cla
u
se
s.

S
u
e
n
d
e
rm
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d
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.
S
o
m
e
co

n
ve

n
tio

n
s

.

•
T
h
e
fi
rst

ch
ara

cte
r
o
f
varia

b
le
s
is

a
ca

p
ita

l
le
tte

r
o
r
a
n
u
n
d
e
rsco

re
.

•
T
h
e
fi
rst

ch
ara

cte
r
o
f
p
re
d
ica

te
s
o
r
fu
n
ctio

n
s
is

a
lo
w
e
r-ca

se
le
tte

r.

•
T
h
e
p
re
d
ica

te
t
r
u
e
re
p
re
se
n
ts

va
lid

ity.

•
T
h
e
sym

b
o
ls
+
,
-
,
*
,
/
,
.
are

fu
n
ctio

n
sym

b
o
ls

yo
u
ca

n
u
se

in
in
fi
x

n
o
ta
tio

n
.

•
T
h
e
sym

b
o
ls
<
,
>
,
=
,
=
<
,
>
=
,
\
=
,
=
=
,
\
=
=
are

p
re
d
ica

te
sym

b
o
ls

yo
u
ca

n

u
se

in
in
fi
x
n
o
ta
tio

n
.
N
o
te

th
a
t

=
=
te
sts

fo
r
e
q
u
a
lity,

\
=
=
te
sts

fo
r
in
e
q
u
a
lity,

a
n
d

=
is

th
e
u
n
ifi
ca

tio
n
o
p
e
ra
to
r.

•
T
h
e
sym

b
o
l
\
+
(o
r,

a
lte

rn
a
tive

ly,
n
o
t
(
)
)
is

th
e
n
e
g
a
tio

n
o
p
e
ra
to
r.

•
T
h
e
sym

b
o
l
%
is

u
se
d
fo
r
co

m
m
e
n
ts.

•
T
h
e
sym

b
o
ls
,
a
n
d
;
is

u
se
d
fo
r
co

n
ju
n
ctio

n
a
n
d
d
isju

n
ctio

n
,
re
sp

e
ctive

ly.

S
u
e
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.
O
n
P
ro
lo
g
’s

d
isju

n
ctio

n
.

•
T
h
e
fo
llo

w
in
g
d
e
riva

tio
n
sh
o
w
s
th
a
t
d
isju

n
ctio

n
s
in

P
ro
lo
g
ru
le
s
are

e
ff
e
ctive

ly
n
o
a
d
d
itio

n
a
l
fe
a
tu
re
:

A
:−

B
1
;
.
.
.
;
B

n
.

⇔
B

1
∨

.
.
.∨

B
n
→

A
.

⇔
¬
(B

1
∨

.
.
.∨

B
n
)∨

A

⇔
¬
B

1
∧

.
.
.∧

¬
B

n
∨

A

⇔
(¬

B
1
∨

A
)∧

.
.
.∧

(¬
B

n
∨

A
)

⇔
A

:−
B

1
.

···
A

:−
B

n
.

(40)
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.
A
n
e
xa

m
p
le

.

•
L
e
t
u
s
n
o
w

co
n
sid

e
r
a
re
a
listic

e
xa

m
p
le
:

–
A
ll
stu

d
e
n
ts

are
sm

art.

–
W

h
o
e
ve

r
is

sm
art

is
p
o
w
e
rfu

l.

–
W

h
o
e
ve

r
is

co
m
p
u
te
r
scie

n
tist

a
n
d
p
ro
fe
sso

r
is

p
o
w
e
rfu

l.

–
C
o
m
p
u
te
r
scie

n
tists

are
cra

zy.

–
A
la
n
is

a
stu

d
e
n
t.

–
B
ra
d
is

a
stu

d
e
n
t.

–
C
o
lin

is
a
co

m
p
u
te
r
scie

n
tist.

–
C
o
lin

is
a
p
ro
fe
sso

r.
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.
A
n
e
xa

m
p
le

(co
n
t.)

.

•
T
h
is

is
th
e
re
sp

e
ctive

P
ro
lo
g
co

d
e
(se

e
s
t
u
d
e
n
t
.
p
l
in

th
e
a
u
xiliary

p
a
cka

g
e
k
b
s

*
.
z
i
p
):

1
s
m
a
r
t
(
X
)
:
-
s
t
u
d
e
n
t
(
X
)
.

2
p
o
w
e
r
f
u
l
(
X
)
:
-
s
m
a
r
t
(
X
)
.

3
p
o
w
e
r
f
u
l
(
X
)
:
-
c
s
(
X
)
,
p
r
o
f
(
X
)
.

4
c
r
a
z
y
(
X
)
:
-
c
s
(
X
)
.

5
s
t
u
d
e
n
t
(
a
l
a
n
)
.

6
s
t
u
d
e
n
t
(
b
r
a
d
)
.

7
c
s
(
c
o
l
i
n
)
.

8
p
r
o
f
(
c
o
l
i
n
)
.
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.
A
n
e
xa

m
p
le

(co
n
t.)

.

•
W

e
w
a
n
t
to

fi
n
d
o
u
t
w
h
e
th
e
r

th
e
re

is
a
p
o
w
e
rfu

l
a
n
d
cra

zy
in
d
ivid

u
a
l.

•
T
h
e
re
sp

e
ctive

lo
g
ica

l
fo
rm

u
la

is

∃
x
(p
o
w
e
r
f
u
l
(x

)∧
c
r
a
z
y
(x

)).
(41)

•
In

o
rd
e
r
to

fi
n
d
o
u
t,

w
e
fi
rst

la
u
n
ch

P
ro
lo
g
w
ith

th
e
co

m
m
a
n
d

p
l

a
n
d
g
e
t
th
e
co

m
m
a
n
d
p
ro
m
p
t

?
-

•
T
o
lo
a
d
o
u
r
k
n
o
w
le
d
g
e
b
a
se
,
w
e
typ

e

c
o
n
s
u
l
t
(
s
t
u
d
e
n
t
)
.

•
N
o
w
,
w
e
ca

n
u
se

th
e
P
ro
lo
g
syn

ta
x
o
f
E
q
.
4
1
to

ch
e
ck

th
e
va

lid
ity

o
f
o
u
r

co
n
je
ctu

re
:

p
o
w
e
r
f
u
l
(
X
)
,
c
r
a
z
y
(
X
)
.
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d
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.
A
n
e
xa

m
p
le

(co
n
t.)

.

•
W

e
o
b
ta
in

th
e
re
sp

o
n
se

X
=

c
o
l
i
n

te
llin

g
u
s
th
a
t
C
o
lin

is
a
p
o
w
e
rfu

l
a
n
d
cra

zy
in
d
ivid

u
a
l.

•
In

o
rd
e
r
to

id
e
n
tify

o
th
e
r
p
o
te
n
tia

l
ca

n
d
id
a
te
s,

w
e
typ

e

;

re
su
ltin

g
in

th
e
re
sp

o
n
se

N
o

w
h
ich

in
d
ica

te
s
th
a
t
th
e
re

are
n
o
m
o
re

so
lu
tio

n
s
to

th
e
p
ro
b
le
m
.
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.
P
ro
lo
g
’s

in
fe
re
n
ce

a
lg
o
rith

m
.

•
W

e
are

g
ive

n
th
e
P
ro
lo
g
p
ro
g
ra
m

P
co

n
sistin

g
o
f
a
n
u
m
b
e
r
o
f
ru
le
s
o
f

th
e
fo
rmR

:=
A

:−
B

1
,
.
.
.
,
B

m
(42)

a
n
d
a
q
u
e
ry

o
f
th
e
fo
rm

G
=

Q
1
,
.
.
.
,
Q

n
.

(43)

•
H
e
re
,
fa
cts

are
e
xp

a
n
d
e
d
to

ru
le
s
b
y

A
↔

A
:−

t
r
u
e
.

(44)

•
T
h
e
in
fe
re
n
ce

a
lg
o
rith

m
w
o
rk
s
a
s
fo
llo

w
s:

1
.
S
e
arch

(in
o
rd
e
r
o
f
a
p
p
e
ara

n
ce
)
a
ll
th
e
ru
le
s
A

in
P
,
fo
r
w
h
ich

th
e
re

e
xists

a
u
n
ifi
e
r

µ
=



[]
if
Q

1
=

t
r
u
e

m
g
u
(Q

1
,
A
)

o
th
e
rw

ise
(45)
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.
P
ro
lo
g
’s

in
fe
re
n
ce

a
lg
o
rith

m
(co

n
t.)

.

2
.
In

ca
se

th
e
re

are
m
u
ltip

le
su
ch

ru
le
s,

a
)
se
le
ct

th
e
fi
rst

ru
le

(in
o
rd
e
r
o
f
a
p
p
e
ara

n
ce
),

b
)
se
t
a
ch

o
ice

p
o
in
t
(C

P
)
to

p
e
rfo

rm
a
d
iff
e
re
n
t
se
le
ctio

n
a
t
th
is

p
o
in
t
in

ca
se

it
b
e
co

m
e
s
n
e
ce
ssary

a
t
a
la
te
r
m
o
m
e
n
t.

3
.
H
e
re
,
tw

o
ca

se
s
are

d
istin

g
u
ish

e
d
:

a
)
m

+
n

=
1
:
T
h
is

m
e
a
n
s
su
cce

ss,
a
n
d
P
ro
lo
g
re
tu
rn
s
th
e
la
st

n
o
n
-e
m
p
ty

µ
.

b
)
O
th
e
rw

ise
,
w
e
re
cu

rsive
ly

co
n
tin

u
e
w
ith

th
e
q
u
e
ry

G
:=

B
1
µ
,
.
.
.
,
B

m
µ
,
Q

2
µ
,
.
.
.
,
Q

n
µ
.

(46)

If
w
e
d
o
n
o
t
fi
n
d
a
so
lu
tio

n
,
w
e
re
tu
rn

to
th
e
la
st

ch
o
ice

p
o
in
t

re
ve

rsin
g
th
e
re
p
la
ce
m
e
n
ts

G
:=

G
µ

a
cco

rd
in
g
ly.

•
N
e
g
a
tio

n
is

im
p
le
m
e
n
te
d
in

P
ro
lo
g
a
s
n
e
g
a
tio

n
a
s
fa
ilu

re
.

•
I.e

.,
if
Q

1
in

1
is

o
f
th
e
syn

ta
x
n
o
t
(Q

′1 )
th
e
a
lg
o
rith

m
trie

s
to

p
ro
ve

Q
′1 .

•
If

it
su
cce

e
d
s,

w
e
k
n
o
w

th
a
t
Q

1
is

fa
lse

,
o
th
e
rw

ise
,
w
e
a
ssu

m
e
it

is
tru

e
.

S
u
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P
ro
lo
g
’s

in
fe
re
n
ce

a
lg
o
rith

m
:
p
ro
o
f

.

•
L
e
t
u
s
ske

tch
a
p
ro
o
f
o
f
P
ro
lo
g
’s

in
fe
re
n
ce

ru
le
.

•
F
o
r
th
e
sa
ke

o
f
sim

p
licity,

w
e
lim

it
o
u
rse

lve
s
to

p
ro
p
o
sitio

n
a
l
lo
g
ic

a
n
d

a
ssu

m
e
a
P
ro
lo
g
ru
le

A
:−

B
.

(47)

a
n
d
a
q
u
e
ry

Q
,
R
.

(48)

•
P
ro
lo
g
’s

in
fe
re
n
ce

ru
le

a
s
u
se
d
in

th
e
a
b
o
ve

a
lg
o
rith

m
is

h
e
n
ce

A
:−

B
.

A
↔

Q

B
,
R
.

∴
Q
,
R
.
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u
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.
P
ro
lo
g
’s

in
fe
re
n
ce

a
lg
o
rith

m
:
p
ro
o
f
(co

n
t.)

.

•
L
e
t
u
s
p
ro
ve

th
a
t
th
is

in
fe
re
n
ce

ru
le

is
a
ta
u
to
lo
g
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