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��j �r f
�x�inzj |e�r

2.�
��j �r tv ���j «r f
�x�inzj � e «r

3.�x�inzj |e�r t �x�inzj � e «r f
�x�inzj |e¬«r

4. a
��� x�m
j am
�r

[1a, ¯
]

5.�
��j��
xir

[1b,®

]°

6.�x�inzj am
�e �
xir

[3a, ¯

],[3b, ¯

]
5.�

��j��
xir

[2a, ¯

]
7.v ���j v in­nr

[2b,®

]

°

8.�x�inzj��
xie v in­nr

[3a, ¯
],[3b,®

]

°

9.�x�inzj am
�e v in­nr

[3a, ¯
],[3b, ¯

]
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W
hen

a
query�

is
asked

ifa
m

atching
fact� ¤

is
know

n,return
the

unifier
for

each
rule

w
hose

consequent� ¤

m
atches�

attem
ptto

prove
each

prem
ise

ofthe
rule

by
backw

ard
chaining

(S
om

e
added

com
plications

in
keeping

track
ofthe

unifiers)

(M
ore

com
plications

help
to

avoid
infinite

loops)

Tw
o

versions:
find

any
solution,find

all
solutions

B
ackw

ard
chaining

is
the

basis
for

logic
program

m
ing

,e.g.,P
rolog
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1.�
��j �r tv ���j «r f
�x�inzj � e «r

2.v ��²
�j «r tu znn� �j «r fv ���j «r

3.�
��j��
xir

4.v ��²
�j v in­nr

5.u znn� �j v in­nr

F
aster(P

at,Steve)

P
ig(P

at)
Slug(Steve)

Slim
y(Steve)

C
reeps(Steve)

1

2
3

4
5

{y/P
at, z/Steve}

{ }
{z/Steve}

{ }
{ }
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P
rocedure�

is
com

plete
ifand

only
if

`a
´ª
_
µ ¶
· ¸·¹· º
`a
bdc_

F
orw

ard
and

backw
ard

chaining
are

com
plete

for
H

orn
K

B
s

butincom
plete

for
generalfirst-order

logic

E
.g.,from

�
� »
j |r f
¼�� ��� ½
�x��� �n¾j |r

¿�
� »
j |r f
Àxz�� Àxz���� �j |r

¼�� ��� ½
�x��� �n¾j |r f
Á �Â�j |r

Àxz�� Àxz���� �j |r f
Á �Â�j |r

should
be

able
to

inferÁ �Â�j wnr ,butF
C

/B
C

w
on’tdo

it

D
oes

a
com

plete
algorithm

exist?
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E
ntailm

entin
first-order

logic
is

only
sem

idecidab
le

:
can

find
a

proofof_

if`a
bdc_

cannotalw
ays

prove
that `a

Ãbdc_

C
f.

H
alting

P
roblem

:
proofprocedure

m
ay

be
aboutto

term
inate

w
ith

success
or

failure,or
m

ay
go

on
for

ever

R
esolution

is
a

refutation
procedure:

to
prove`a

bdc_
,show

that`a
t ¿_

is
unsatisfiable

R
esolution

uses`a

, ¿_

in
C

N
F

(conjunction
ofclauses)

R
esolution

inference
rule

com
bines

tw
o

clauses
to

m
ake

a
new

one:

C

C
1

C
2

Inference
continues

untilan
em

pty
clause

is
derived

(contradiction)
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B
asic

propositionalversion:
_Äge ¿g ÄÅ

_ÄÅ
or

equivalently

¿_
f
geg
f
Å

¿_
f
Å

F
ullfirst-order

version:

� £
Ä §§§
�Æ §§§
Ä� Ç
e

� £
Ä §§§
� È §§§
Ä� ©

j � £
Ä §§§
�ÆÊÉ£
Ä�Æ Ë £ §§§� Ç
Ä� £ §§§
� È É£
Ä� ÈË £ §§§
Ä� ©r �

w
here�Æ � c

¿� È �

F
or

exam
ple,

¿Á �Â�j |r Äo
��x���j |r

Á �Â�j wnr
o
��x���j wnr

w
ith� c
} |~ wn�
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To
prove_

:
–

negate
it

–
convertto

C
N

F
–

add
to

C
N

F
K

B
–

infer
contradiction

E
.g.,to

proveÁ �Â�j ²
nr ,add ¿Á �Â�j ²
nr

to
the

C
N

F
K

B

¿�
� »
j |r Ä ¼�� ��� ½
�x��� �n¾j |r

�
� »
j |r Ä Àxz�� Àxz���� �j |r

¿¼�� ��� ½
�x��� �n¾j |r ÄÁ �Â�j |r

¿Àxz�� Àxz���� �j |r ÄÁ �Â�j |r

9:;<=
> ?@
AB@
C DE=<; FG C HI J;;< DD: ?=
KHL
> MN EO P Q
RRS

T U:V W< MRP C <FW E> ?; Q
XY
Z [� �



�
^� �
�� �� �

� �
�� ]

P
hD

(x)
H

Q
(x)

>

P
hD

(x)

>

E
S(x)

>

E
S(x)

R
ich(x)

R
ich(x)

R
ich(M

e)

>

R
ich(x)

E
S(x)

P
hD

(x)

>

R
ich(x)

>

R
ich(x)

H
Q

(x)

{x/M
e}

{ }

{ }

{ }
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R
esolution

is
com

plete
and

usually
necessary

for
m

athem
atics

A
utom

ated
theorem

provers
are

starting
to

be
useful

to
m

athem
aticians

and
have

proved
severalnew

theorem
s
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