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→
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→
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→
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→

q
).

(9)

�
N

o
w

,
w
e

w
a
n
t

to
e
va

lu
a
te

f
fo

r
a
ll

p
o
ssib

le
in

te
rp

re
ta

tio
n
s

o
f

p
a
n
d

q
.

�
A

h
a
n
d
y

w
ay

to
d
o

so
is

to
u
se

a
tru

th
ta

b
le

:

p
q

g
:=
¬

p
h

:=
g
→

q
i
:=

h
→

q
j

:=
p
→

q
j
→

i

0
0

1
0

1
1

1

0
1

1
1

1
1

1

1
0

0
1

0
0

1

1
1

0
1

1
1

1

w
ith

p
→

q
︸

︷
︷

︸

j

→
(

h
︷

︸
︸

︷
¬

p
︸
︷
︷
︸

g

→
q
→

q
)

︸
︷
︷

︸

i

.
(10)

D
.
S
u
e
n
d
e
rm

a
n
n

L
o
g
ic

F
e
b
ru

a
ry

2
5
,
2
0
1
2

1
8



.
V
a
lu

a
tio

n
:
e
xce

rcise
.

�
E
va

lu
a
te

th
e

fo
llo

w
in

g
fo

rm
u
la

s
fo

r
a
ll

p
o
ssib

le
in

te
rp

re
ta

tio
n
s

(a
)

r
∨

r
∧
¬

q
→

p
∧

(¬
q
∧
¬
¬

r
)

(b
)

(r
↔

p
→

p
→

r
∧
¬
¬
¬
¬
¬
¬
(¬

q
↔

q
))
∧

r

�

H
in

t:
Y
o
u

d
o

n
o
t

n
e
e
d

to
u
se

th
e

tru
th

ta
b
le

e
xce

ssive
ly

if
yo

u
ca

n
a
p
p
ly

sim
p
lifi

ca
tio

n
s

d
e
riva

b
le

fro
m

th
e

va
lu

a
tio

n
ta

b
le

o
f
lo

g
ica

l
co

n
n
e
ctive

s

su
ch

a
s

¬
¬

p
⇔

p
(11)

p
∧

0
⇔

0
(12)

p
∧
¬

p
⇔

0
(13)

p
→

p
⇔

1
(14)

p
↔

0
⇔
¬

p
(15)

p
↔
¬

p
⇔

0
(16)

D
.
S
u
e
n
d
e
rm

a
n
n

L
o
g
ic

F
e
b
ru

a
ry

2
5
,
2
0
1
2

1
9



.
T
u
rn

in
g

n
a
tu

ra
l
la

n
g
u
a
g
e

in
to

p
ro

p
o
sitio

n
a
l
fo

rm
u
la

s
.

�
In

sp
e
cto

r
W

a
tso

n
is

ca
lle

d
to

a
je

w
e
lry

sto
re

th
a
t

h
a
s

b
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d
e
n
o
te

d
a
s

|=
f
.

(22)

�

W
ittg

e
n
ste

in
o
n

lo
g
ic

la
n
g
u
a
g
e

a
n
d

th
e

m
yste

ry
o
f
th

e
w
o
rld

:

h
t
t
p
:
/
/
w
w
w
.
y
o
u
t
u
b
e
.
c
o
m
/
w
a
t
c
h
?
v
=
P
v
6
8
v

r
e
E
Q
M

�

E
xa

m
p
le

s:

1
.
|=

p
∨
¬

p

2
.
|=

p
→

p

3
.
|=

p
∧

q
→

p

4
.
|=

p
→

p
∨

q

5
.
|=

p
→

0
↔
¬

p

6
.
|=

p
∧

q
↔

q
∧

p

D
.
S
u
e
n
d
e
rm

a
n
n

L
o
g
ic

F
e
b
ru

a
ry

2
5
,
2
0
1
2

2
1



.
V
a
lid

ity,
sa

tisfi
a
b
ility,

co
n
tin

g
e
n
cy

.

�
va

lid
ity:

f
is

va
lid
⇔

f
is

a
ta

u
to

lo
g
y,

i.e
.,

a
ll

in
te

rp
re

ta
tio

n
s

m
a
ke

f
tru

e
.

�

sa
tisfi

a
b
ility:

A
t

le
a
st

o
n
e

in
te

rp
re

ta
tio

n
m

a
ke

s
f

tru
e
.

�

u
n
sa

tisfi
a
b
ility,

co
n
tra

d
ictio

n
:
A
ll

in
te

rp
re

ta
tio

n
s

m
a
ke

f
fa

lse
.

�

co
n
tin

g
e
n
cy:

In
te

rp
re

ta
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n
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→
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→
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n
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d
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b
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n
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.
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∨
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∨
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∨
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¬
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∧
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∧
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∧
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,
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.
.
.
,
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m
}

(40)

(d
ro

p
p
in
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f
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m
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in
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F
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�
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{
1
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↔
{
}
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p
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c
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∈
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∈
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p
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1
.

E
lim
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te
↔

b
y

E
q
u
iva
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n
ce

1
3
:

|=
(p
↔

q
)
⇔

(¬
p
∨

q
)
∧

(¬
q
∨

p
)

(42)
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.

E
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y

E
q
u
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2
:
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→

q
)
↔
¬

p
∨

q
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rm
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e
E
q
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1
1
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a
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¬
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↔

1

b
)
|=
¬

1
↔

0
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|=
¬
¬
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↔

p

d
)
|=
¬
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q
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↔
¬
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∨
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q
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)
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¬
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∨

q
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∧
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p
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n
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n
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q
u
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a
)
|=
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∨
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∧
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↔
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∨

q
)
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∨

r
)

b
)
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∨
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∨
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.
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:
a
lg

o
rith
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:
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p
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�
L
e
t

u
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d
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o
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th

e
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rm
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la
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:=

p
→

q
→

(¬
p
→
¬

q
).

(44)

1
.
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e
d
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2
.

.
|=

f
⇔
¬

p
∨

q
→

(¬
p
→
¬

q
)

⇔
¬

(¬
p
∨

q
)
∨

(¬
p
→
¬

q
)

⇔
¬

(¬
p
∨

q
)
∨

(¬
¬
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∨
¬

q
)

(45)

3
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.
|=

f
⇔
¬

(¬
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∨

q
)
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∨
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q
)

⇔
¬
¬

p
∧
¬

q
∨
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∨
¬

q
)

⇔
p
∧
¬

q
∨
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∨
¬

q
)

(46)
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.
|=

f
⇔
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∨
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∨
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q
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(¬
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∨
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b
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�
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y
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b
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s
in

vo
lve
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e
C
N

F
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n
a
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b
e
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b
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e
xa

m
p
le

f
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→

q
︸

︷
︷

︸
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q
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︸
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︸
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0
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∧
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⇔
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∨
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q
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ic.

�
G
ive

n

–
a

se
t

o
f
fo

rm
u
la

s
{
f
1
,
.
.
.
,
f

n
}

(th
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b
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∧
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∧
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e
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p
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→
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→
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→

r
(54)

�

T
h
is

is,
w
e

n
e
e
d

to
p
ro

ve
w

h
e
th

e
r

|=
(p
→

q
)
∧
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b
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∧
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∴
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∴
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∨
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∧
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R
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g
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p
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n
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n
a
l
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n
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f
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t
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f
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∨

c
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c
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∨

c
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∨
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∨

c
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c
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∨
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¬
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∨

c
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∨
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∨

c
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∧
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︸
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∨
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a
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∨

c
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∨

c
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︸
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c
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∨

c
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c
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∨
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∨
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¬
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¬
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→
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n
b
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p
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∪
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∪
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{
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∴
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→
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re

d
(C

2 ,
r
)

=
{
{
r
}
,
{
q
}
,
{
¬

q
}
,
{
¬

s
}
,
{
p
}
}

C
4

:=
re

d
(C

3 ,
q
)

=
{
{
r
}
,
{
q
}
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{
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{
p
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}
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b
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T

h
e
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o
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m
o
f
D

a
vis
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n
d

P
u
tn

a
m

:
e
xa

m
p
le

.

b
)

.
C

5
:=

re
d
(C

0
∪
{
{
¬

p
}
}
,
¬

p
)

=
{
{
q
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s
}
,
{
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s
}
,
{
¬

s
}
,
{
¬

q
,
s
}
,
{
¬

r,
¬

s
}
,
{
¬

p
}
}

C
6

:=
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d
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¬
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)

=
{
{
q
}
,
{
r
}
,
{
¬

s
}
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{
¬

q
}
,
{
¬

p
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}

C
7

:=
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d
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)

=
{
{
q
}
,
{
r
}
,
{
¬

s
}
,
{
}
,
{
¬

p
}
}
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b
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P
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b
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a
)
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.
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.
R
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n
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n
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u
e

.

�
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o
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e
r
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p
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a

co
n
je

ctu
re

b
a
se

d
o
n

a
k
n
o
w

le
d
g
e

b
a
se

,
w
e

ca
n

a
p
p
ly

th
e

re
so

lu
tio

n
te

ch
n
iq

u
e
:

1
.

A
ll

se
n
te

n
ce

s
in

th
e

k
n
o
w

le
d
g
e

b
a
se

a
n
d

th
e

n
e
g
a
tio

n
o
f
th

e
se

n
te

n
ce

to
b
e

p
ro

ve
n

(th
e

co
n
je

ctu
re

)
are

co
n
ju

n
ctive

ly
co

n
n
e
cte

d
.

2
.

T
h
e

re
su

ltin
g

se
n
te

n
ce

is
tra

n
sfo

rm
e
d

in
to

C
N

F
.

3
.

If
th

e
e
m

p
ty

cla
u
se

ca
n

b
e

d
e
rive

d
a
fte

r
a
n

a
p
p
lica

tio
n

o
f
th

e
D

P

a
lg

o
rith

m
(o

r,
a
lte

rn
a
tive

ly,
th

e
p
ro

va
b
ility

te
ch

n
iq

u
e
),

th
e

o
rig

in
a
l

se
n
te

n
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u
n
sa

tisfi
a
b
le

,
i.e

.,
th

e
co

n
je
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re
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n
o
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R
e
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n
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ch
n
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u
e
:
e
xe

rcise
.

�
L
e
t

u
s

re
visit

th
e
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in

a
l
ca

se
fro

m
e
arlie

r.

�
R
e
m

e
m

b
e
r,

w
e

w
e
re

g
ive

n
th

e
fo

llo
w

in
g

fa
cts

(o
u
r
k
n
o
w

le
d
g
e

b
a
se

):

f
1

:=
a
∨

b
∨

c

f
2

:=
a
→

b
∧
¬

c
∨
¬

b
∧

c

f
3

:=
¬

b
→
¬

c

f
4

:=
¬

(a
∧

b
∧
¬

c
)

f
5

:=
¬

c
→

a
(79)

�

D
r.

W
a
tso

n
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C
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th
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�

P
ro
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u
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p
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,
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o
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2
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p
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n
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e
3
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e
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p
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o
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n
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4
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p
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.
N

o
tio

n
s

o
f
fi
rst-o

rd
e
r

lo
g
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.

�
T
e
rm

s
d
e
n
o
te

o
b
je

cts.
�

T
e
rm

s
are

co
m

p
o
se

d
o
f
varia

b
le

s
o
r

fu
n
ctio

n
sym

b
o
ls:

fa
th

e
r(x

),
m

o
th

e
r(isa

a
c),

x
+

7
.

(80)

w
ith

th
e

varia
b
le

x
a
n
d

th
e

fu
n
ctio

n
sym

b
o
ls

fa
th

e
r,

m
o
th

e
r,

isa
a
c,

+
,
7

�

O
b
je

cts
ca

n
b
e

p
u
t

in
to

re
la

tio
n

b
y

p
re

d
ica

te
sym

b
o
ls

p
ro

d
u
cin

g
a
to

m
ic

fo
rm

u
la

s :

IsB
ro

th
e
r(a

d
a
m

,
fa

th
e
r(b

ria
n
)),

x
+

7
<

x
·
7
,

n
∈

N
.

(81)

w
ith

th
e

p
re

d
ica

te
sym

b
o
ls

IsB
ro

th
e
r,

<
,
∈

�

F
o
rm

u
la

s
ca

n
b
e

co
m

b
in

e
d

u
sin

g
lo

g
ica

l
co

n
n
e
ctive

s:

IsH
u
m

a
n
(x

)
→

IsM
o
rta

l(x
),

x
>

1
→

x
+

7
<

x
·
7
.

(82)

�

F
o
rm

u
la

s
ca

n
co

n
ta

in
q
u
a
n
tifi

e
rs

d
e
fi
n
in

g
th

e
se

m
a
n
tics

(sco
p
e
)

o
f

varia
b
le

s:

∀
x
(IsH

u
m

a
n
(x

)
→
∃
y
(e

q
u
a
ls(y

,
m

o
th

e
r(x

)))).
(83)
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.
S
ig

n
a
tu

re
s

a
n
d

te
rm

s
.

�
A

sig
n
a
tu

re
is

a
q
u
a
tru

p
le

d
e
fi
n
in

g
a

sp
e
cifi

c
syste

m
o
f
fi
rst-o

rd
e
r
lo

g
ic:

Σ
=
〈V

,
F

,
P

,
arity〉.

(84)

�
T
h
e

m
e
m

b
e
rs

o
f
Σ

are

–
th

e
se

t
o
f
varia

b
le

s
V

,

–
th

e
se

t
o
f
fu

n
ctio

n
sym

b
o
ls

F
,

–
th

e
se

t
o
f
p
re

d
ica

te
sym

b
o
ls

P
,
a
n
d

–
a

fu
n
ctio

n
a
ssig

n
in

g
a
n

arity
to

a
ll

fu
n
ctio

n
a
n
d

p
re

d
ica

te
sym

b
o
ls:

arity
:
F
∪

P
→

N
.

(85)

�

G
ive

n
a

sig
n
a
tu

re
Σ

,
w
e

d
e
fi
n
e

th
e

se
t

o
f
Σ

te
rm

s
T

Σ
in

d
u
ctive

ly
a
s:

1
.
∀
x
∈

V
:
x
∈

T
Σ
.

2
.

If
f
∈

F
a
n
d

n
=

arity(f
)

a
n
d

t
1 ,

.
.
.
,
t
n
∈

T
Σ

th
e
n

f
(t

1 ,
.
.
.
,
t
n
)
∈

T
Σ

.
(86)
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S
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e
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l
ca

se
:
If
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F
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d

arity(f
)
=

0
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e
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w
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n

w
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f
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a
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f
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n
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.
S
ig

n
a
tu

re
s

a
n
d

te
rm

s:
e
xa

m
p
le

.

�
W

e
are

g
ive

n
th

e
sig

n
a
tu

re
Σ

a
=
〈V

,
F

,
P

,
arity〉

w
ith

V
=
{
x
,
y
,
z
}

F
=
{
0
,
1
,
+

,
·}

P
=
{
=

,
≤
}

arity
=
{
〈0

,
0
〉
〈1

,
0
〉
〈+

,
2
〉
〈·,

2
〉
〈=

,
2
〉
〈≤

,
2
〉}

�

N
o
w

,
w
e

ca
n

d
e
rive

Σ
a

te
rm

s
a
s

fo
llo

w
s:

1
.

x
,
y
,
z
∈

T
Σ

a

2
.
0
,
1
∈

T
Σ

a
(0

-ary
fu

n
ctio

n
sym

b
o
ls)

3
.

+
(1

,
x
)
∈

T
Σ

a

4
.
·(+

(1
,
x
),

y
)
∈

T
Σ

a

�

In
th

e
fo

llo
w

in
g
,
w
e

w
ill

u
se

a
n

in
fi
x

n
o
ta

tio
n

fo
r
b
in

ary
re

la
tio

n
a
n
d

fu
n
ctio

n
sym

b
o
ls.

�

E
.g

.,
T
e
rm

4
w
o
u
ld

re
a
d

(1
+

x
)
·
y

(87)
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.
A
to

m
ic

fo
rm

u
la

s
.

�
G
ive

n
th

e
sig

n
a
tu

re
Σ

=
〈V

,
F

,
P

,
arity〉,

if
p
∈

P
a
n
d

n
=

arity(p
)

a
n
d

t
1
,
.
.
.
,
t
n
∈

T
Σ

th
e
n

p
(t

1 ,
.
.
.
,
t
n
)
∈

A
Σ

,
(88)

th
e

se
t

o
f
a
ll

a
to

m
ic

fo
rm

u
la

s.

�

S
p
e
cia

l
ca

se
:
If

p
∈

P
a
n
d

arity(p
)

=
0

th
e
n

w
e

ca
n

w
rite

p
in

ste
a
d

o
f

p
()

(a
ka

p
ro

p
o
sitio

n
a
l
varia

b
le

).

�

C
o
n
tin

u
in

g
w

ith
o
u
r
a
b
o
ve

e
xa

m
p
le

:

=
(·(+

(1
,
x
),

y
),
0
)
∈

A
Σ

a
(89)

o
r

in
in

fi
x

n
o
ta

tio
n

(1
+

x
)
·
y

=
0
∈

A
Σ

a
.
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.
F
re

e
a
n
d

b
o
u
n
d

varia
b
le

s
.

�
C
o
n
sid

e
r
a
n

e
xa

m
p
le

fro
m

ca
lcu

lu
s:

x
∫0

y
z
d
z

=
12

y
x

2
.

(91)

�
E
q
.
9
1

fe
a
tu

re
s

th
e

th
re

e
varia

b
le

s
x
,

y
a
n
d

t.

�

T
ryin

g
to

su
b
stitu

te
varia

b
le

s
o
n

b
o
th

sid
e
s

o
f
th

e
e
q
u
a
tio

n
,
e
.g

.,
x

b
y

y
y

∫0

y
z
d
z

=
12

y
y

2
(92)

o
r

z
b
y

yx
∫0

y
y
d
y

=
13

x
3

!6=
12

x
x

2
(93)

sh
o
w

s
th

a
t

th
e
re

ca
n

b
e

tw
o

typ
e
s

o
f
varia

b
le

s
in

fo
rm

u
la

s:
fre

e
(x

,
y
)

a
n
d

b
o
u
n
d

(z
)

o
n
e
s.

�

T
h
e

varia
b
le

z
in

th
is

e
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m
p
le
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d
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.
F
re

e
a
n
d

b
o
u
n
d

varia
b
le

s
(co

n
t.)

.

�

In
fi
rst-o

rd
e
r
lo

g
ic,

varia
b
le

s
are

b
o
u
n
d

b
y

th
e

q
u
a
n
tifi

e
rs
∀

a
n
d
∃
.

�

A
cco

rd
in

g
ly,

in
th

e
fo

llo
w

in
g

e
xa

m
p
le

∀
x
,
y
(P

(x
)
→

Q
(x

,
f
(x

),
z
))

(94)
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varia
b
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n
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z
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b
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.
F
re

e
a
n
d

b
o
u
n
d

varia
b
le

s:
e
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rcise
.

�
C
o
n
sid

e
r
th

e
fo

llo
w

in
g

e
xa

m
p
le

s:

a
)
∀
x
(F

(x
)
→
∃
y
(G

(y
,
z
)))

b
)
∀
x
(F

(x
)
→
∃
y
(G

(x
,
y
)))

c)
∃
x
(y

+
x
≤

y
)

�

W
h
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b
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s
are
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e
,
a
n
d

w
h
ich

o
n
e
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are
b
o
u
n
d
?
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W
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u
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.
F
o
rm

u
la

s
.

�
T
h
e

se
t

o
f
varia

b
le

s
var(t)

o
ccu

rrin
g

in
a

te
rm

t
is

in
d
u
ctive

ly
d
e
fi
n
e
d

a
s

1
.

var(x
)

:=
x

fo
r

a
ll

x
∈

V
.

2
.

var(f
(t

1 ,
.
.
.
,
t
n
))

:=
var(t

1 )
∪
·
·
·
∪

var(t
n
).

�
G
ive

n
a

sig
n
a
tu

re
Σ

,
in

th
e

fo
llo

w
in

g
,
w
e

d
e
n
o
te

–
th

e
se

t
o
f
fo

rm
u
la

s
a
s

F
Σ
,

–
th

e
se

t
o
f
a
ll

b
o
u
n
d

varia
b
le

s
o
f
a

fo
rm

u
la

f
∈

F
Σ

a
s

b
o
u
n
d
(f

),
a
n
d

–
th

e
se

t
o
f
a
ll

fre
e

varia
b
le

s
o
f

f
a
s

a
s

fre
e
(f

).

�

T
h
e
se

se
ts

are
in

d
u
ctive

ly
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)
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=
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{
p
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¬
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¬
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,
y
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¬
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b
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d
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d
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b
e
e
n

d
ro

p
p
e
d
,
th

is
d
iff

e
re

n
t

cla
u
se

w
o
u
ld

h
a
ve

b
e
e
n

m
isse

d
.

D
.
S
u
e
n
d
e
rm

a
n
n

L
o
g
ic

F
e
b
ru

a
ry

2
5
,
2
0
1
2

1
1
7



.
F
irst-o

rd
e
r

ve
rsio

n
o
f
D

a
vis

a
n
d

P
u
tn

a
m

:
re
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n
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n
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p
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�
E
xa

m
p
le

1
:

re
s({
{
p
(x

),
¬

q
(f

(t))}
,
{
q
(x

)}
}
,
q
(x

))
=

{
{
p
(x

),
¬

q
(f

(t))}
,
{
p
(f

(t))}
,
{
q
(x

)}
}
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m
p
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2
:

re
s({
{
p
(y

),
¬

q
(x

)}
,
{
p
(f

(y
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¬

q
(x

)}
,
{
¬

p
(x

)}
}
,
¬

p
(x

))
=
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{
p
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¬

q
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,
{
¬
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,
{
p
(f

(y
)),
¬

q
(x

)}
,
{
¬

q
(f

(y
))}

,
{
¬

p
(x

)}
}

�

E
xa

m
p
le

3
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lo
o
p
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C
0

:=
{
{
¬

p
(x

),
p
(f

(x
))}

,
{
p
(x

)}
}

C
1

:=
re

s(C
0 ,

p
(x

))

=
{
{
¬

p
(x

),
p
(f

(x
))}

,
{
p
(f

(x
))}

,
{
p
(x

)}
}

=
{
{
¬

p
(x

),
p
(f

(x
))}

,
{
p
(f

(y
))}

,
{
p
(x

)}
}

C
2

:=
re

s(C
1 ,

p
(f

(y
)))

=
{
{
¬

p
(x

),
p
(f

(x
))}

,
{
p
(f

(f
(y

)))}
,
{
p
(f

(y
))}

,
{
p
(x

)}
}

C
3

:=
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s(C
2 ,

p
(f
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(y
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p
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d
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,
F

,
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V
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{
x
,
y
}

F
=
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}

P
=
{
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f
,
h

,
c
}
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1
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〈f
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1
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〈h
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:

a
)

f
1

:=
∀
x
(∀

y
(c

(y
,
x
)
→

f
(y

))
→

h
(x

))

b
)

f
2

:=
∀
x
(r

(x
)
→

f
(x

))

c)
f
3

:=
∀
x
(∃

y
(c

(x
,
y
)
∧

r
(y

))
→

r
(x

))

d
)

f
4

:=
∀
x
(r

(x
)
→

h
(x

))

�

N
o
w

,
to

se
e

w
h
e
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e
r
th

e
cla

im
d
)

ca
n

b
e

d
e
rive

d
fro

m
th

e
k
n
o
w

le
d
g
e

b
a
se

a
)

to
c)
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p
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a
t

f
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f
1
∧

f
2
∧

f
3
→

f
4
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¬
f
↔
¬

(f
1
∧

f
2
∧

f
3
→

f
4
)

↔
¬

(¬
(f

1
∧

f
2
∧

f
3 )
∨

f
4
)

↔
¬
¬

(f
1
∧

f
2
∧

f
3 )
∨
¬

f
4
)

↔
¬
¬

(f
1
∧

f
2
∧

f
3 )
∧
¬

f
4

↔
f
1
∧

f
2
∧

f
3
∧
¬

f
4
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1
↔
∀
x
(∀

y
(c

(y
,
x
)
→

f
(y

))
→

h
(x

))

↔
∀
x
(∀

y
(¬

c
(y

,
x
)
∨

f
(y

))
→

h
(x

))

↔
∀
x
(¬
∀
y
(¬

c
(y

,
x
)
∨

f
(y

))
∨

h
(x

))

↔
∀
x
(∃

y
(¬

(¬
c
(y

,
x
)
∨

f
(y

)))
∨

h
(x

))

↔
∀
x
(∃

y
(¬
¬

c
(y

,
x
)
∧
¬

f
(y

))
∨

h
(x

))

↔
∀
x
(∃

y
(c

(y
,
x
)
∧
¬

f
(y

))
∨

h
(x

))

↔
∀
x
∃
y
(c

(y
,
x
)
∧
¬

f
(y

)
∨

h
(x

))

≈
∀
x
(c

(s
(x

),
x
)
∧
¬

f
(s

(x
))
∨

h
(x

))

↔
∀
x
((c

(s
(x

),
x
)
∨

h
(x

))
∧

(¬
f
(s

(x
))
∨

h
(x

)))

↔
{
{
c
(s

(x
),

x
),

h
(x

)}
,
{
¬

f
(s

(x
)),

h
(x

)}
}
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∀
x
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∀
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∨
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↔
{
{
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r
(x
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f
(x

)}
}
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3
↔
∀
x
(∃

y
(c

(x
,
y
)
∧

r
(y

))
→

r
(x

))

↔
∀
x
(¬
∃
y
(c

(x
,
y
)
∧

r
(y

))
∨

r
(x

))

↔
∀
x
(∀

y
(¬

(c
(x

,
y
)
∧

r
(y

)))
∨

r
(x

))

↔
∀
x
(∀

y
(¬

c
(x

,
y
)
∨
¬

r
(y

))
∨

r
(x

))

↔
∀
x
,
y
(¬

c
(x

,
y
)
∨
¬

r
(y

)
∨

r
(x

))

↔
{
{
¬

c
(x

,
y
),
¬

r
(y

),
r
(x

)}
}
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¬
f
4
↔
¬
∀
x
(r

(x
)
→

h
(x

))

↔
¬
∀
x
(¬

r
(x

)
∨

h
(x

))

↔
∃
x
(¬

(¬
r
(x

)
∨

h
(x

)))

↔
∃
x
(r

(x
)
∧
¬

h
(x

))

≈
r
(t)
∧
¬

h
(t)

↔
{
{
r
(t)}
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{
¬

h
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}
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p
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th

e
D

P
a
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o
rith

m
:

C
0

:=
{
{
c
(s

(x
),

x
),

h
(x

)}
,
{
¬

f
(s

(x
)),

h
(x

)}
,
{
¬

r
(x

),
f
(x

)}
,

{
¬

c
(x

,
y
),
¬

r
(y

),
r
(x

)}
,
{
r
(t)}

,
{
¬

h
(t)}
}

C
1

:=
re

s(C
0 ,

r
(t))

=
{
{
c
(s

(x
),

x
),

h
(x

)}
,
{
¬

f
(s

(x
)),

h
(x

)}
,
{
¬

r
(x

),
f
(x

)}
,
{
f
(t)}

,

{
¬

c
(x

,
y
),
¬

r
(y

),
r
(x

)}
,
{
¬

c
(x

,
t),

r
(x

)}
,
{
r
(t)}

,
{
¬

h
(t)}
}

C
2

:=
re

s(C
1 ,
¬

h
(t))

=
{
{
c
(s

(x
),

x
),

h
(x

)}
,
{
c
(s

(t),
t)}

,
{
¬

f
(s

(x
)),

h
(x

)}
,
{
¬

f
(s

(t))}
,

{
¬

r
(x

),
f
(x

)}
,
{
f
(t)}

,
{
¬

c
(x

,
y
),
¬

r
(y

),
r
(x

)}
,
{
¬

c
(x

,
t),

r
(x

)}
,

{
r
(t)}

,
{
¬

h
(t)}
}
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(s

(t),
t)}

,
{
¬

f
(s

(x
)),

h
(x

)}
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{
¬

f
(s
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,

{
¬

r
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),
f
(x

)}
,
{
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(t)}

,
{
¬

c
(x

,
y
),
¬

r
(y

),
r
(x
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{
¬

r
(t),

r
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{
¬

c
(x

,
t),

r
(x
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{
r
(s
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{
r
(t)}

,
{
¬

h
(t)}
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C
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:=
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r
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=
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{
c
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x
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h
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{
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{
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(x
)),

h
(x

)}
,
{
¬

f
(s
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{
f
(s
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{
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{
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c
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y
),
¬

r
(y
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