
In
tro

d
u

ctio
n

to
P

R
O

g
ram

m
in

g
in

L
O

G
ic

•
W

hatis
a

declarative
language?

•
U

sing
relation

•
P

rolog
is

based
on

H
orn-clauses

•
H

orn-clauses
is

a
subsetoffirstorder

predicate
logic

•
P

rolog-program
s

are
w

ritten
in

a
declarative

style,
and

have
proper-

ties,relations
and

rules

1

D
ifferen

t
d

escrip
tio

n
s

F
ind

allgrand
children

for
a

specific
person

X
?

D
eclarative

d
escrip

tio
n

(d
efi

n
es

th
e

relatio
n

):
A

grandchild
G

C
is

a
child

to
G

P
s

child.

Im
p

erative
d

escrip
tio

n
(exp

lain
s

h
o

w
to

fi
n

d
a

g
ran

d
ch

ild
):

To
find

a
grandchild

to
X

,firstfind
a

child
to

X
.T

hen
find

a
child

to
this

child.

Im
p

erative
d

escrip
tio

n
II:

To
find

a
grandchild

to
X

,
find

first
a

parent
to

a
child,then

check
ifthis

parentis
a

child
to

X
.

2



Im
p

erative
an

d
d

eclarative

Im
p

erative:
read

(p
e
rso

n
);

fo
r
i
:=

1
to

m
a
x
ba

rn
d

o
if

ba
rn

[i,
1
]
=

p
e
rso

n
th

en
fo

r
j

:=
1

to
m

a
x
ba

rn
d

o
if

ba
rn

[i,
1
]
=

ba
rn

[i,
2
]

th
en

w
riteln(ba

rn
[j

,
2
]);

en
d

if
en

d
fo

r
en

d
if

en
d

fo
r

L
o

g
ic:

(∀
X

)
(∀

Y
)
((∃

Z
)
ba

r
n
(X

,Z
)
∧

ba
r
n
(Z

,Y
))
→

ba
r
n
ba

r
n
(X

,Y
)

P
ro

lo
g

:
b
a
r
n
b
a
r
n
(
X
,
Y
)
:
-
b
a
r
n
(
X
,
Z
)
,
b
a
r
n
(
Z
,
Y
)
.

3

D
eclarative

an
d

im
p

erative
lan

g
u

ag
es

Im
perative

languages
D

eclarative
languages

P
hilosophy

T
he

users
tells

exactly
how

the
problem

is
solved

T
he

user
specifi

es
w

hatthe
problem

is

P
rogram

A
sequence

ofcom
m

ands
A

setofstatem
ents

E
xam

ple
P

ascal,C
,A

da,Java
P

rolog,M
L,S

chem
e,G

ödel

A
dvantages

Fastand
specialized

program
s

G
eneral,readable

and
possibly

correctprogram
s

(form
alproofs)

•
P

rogram
s

w
ritten

in
im

perative
languages

force
a

specific
exe-

cution
order

•
D

eclarative
language

does
not

say
how

som
ething

should
be

executed

4



–
D

escribe
the

know
ledge

aboutthe
problem

–
S

eparation
betw

een
program

and
control

structure
(excep-

tions
for

efficiency
reasons)

5

L
o

g
ic

P
ro

g
ram

m
in

g
–

im
p

o
rtan

t
featu

res

•
P

redicates
failor

succeed

–
Ifthey

succeed,unbound
variables

are
unified

(and
m

ay
be

bound
to

values)

•
P

redicates
do

not
return

values:

–
Term

s
can

only
be

unified
w

ith
each

other
–

O
nly

arithm
etic

expressions
are

evaluated
(is,

=
:
=

)
–

N
o

functions
in

P
rolog!

6



S
yn

tax

E
nglish

P
redicate

C
alculus

P
rolog

and
∧

,

or
∨

;
only

if
←

:
-

not
¬

\+

7

A
P

ro
lo

g
p

ro
g

ram

l
i
k
e
s
(
l
a
s
s
e
,
l
i
s
a
)
.
%
f
a
c
t
p
r
e
d
i
c
a
t
e
s

l
i
k
e
s
(
l
a
s
s
e
,
m
i
a
)
.

l
i
k
e
s
(
l
a
s
s
e
,
b
e
e
r
)
.

l
i
k
e
s
(
m
i
a
,
b
e
e
r
)
.

l
i
k
e
s
(
l
i
s
a
,
f
a
n
t
a
)
.

l
i
k
e
s
(
l
i
s
a
,
l
a
s
s
e
)
.

l
i
k
e
s
(
l
i
s
a
,
m
i
a
)
.

f
r
i
e
n
d
s
(
X
,
Y
)
:
-

%
r
u
l
e
p
r
e
d
i
c
a
t
e

l
i
k
e
s
(
X
,
Y
)
,

l
i
k
e
s
(
Y
,
X
)
.

8



A
P

ro
lo

g
sessio

n

•
P

rolog
is

an
interactive

language,
the

user
enters

queries
after

the
P

rolog
prom

pt"?
-

".

?
-
l
i
k
e
s
(
l
a
s
s
e
,
l
i
s
a
)
.

y
e
s

?
-
l
i
k
e
s
(
l
i
s
a
,
m
i
a
)
.

y
e
s

?
-
l
i
k
e
s
(
l
a
s
s
e
,
X
)
.

X
=
l
i
s
a

;
%
R
e
q
u
e
s
t

m
o
r
e

a
n
s
w
e
r
s

X
=
m
i
a
;

X
=
b
e
e
r

;
n
o
%
N
o
m
o
r
e
a
n
s
w
e
r
s

?
-
l
i
k
e
s
(
l
a
s
s
e
,
w
i
n
e
)
.

n
o
%
N
e
g
a
t
i
o
n

a
s
f
a
i
l
u
r
e

?
-
f
r
i
e
n
d
s
(
l
a
s
s
e
,
X
)
.

X
=
l
i
s
a
;

n
o

9

S
o

m
e

im
p

o
rtan

t
co

n
cep

ts
in

lo
g

ic

P
red

icates
encode

properties
and

relations

•
P

redicates
have

an
arity:

its
num

ber
ofargum

ents
–

arity
=

0
(no

argum
ents)

:
A

propositionalstatem
ent

–
arity

=
1:

A
property

–
arity

=
2:

A
relation

A
rg

u
m

en
ts

are
called

term
s.

•
A

term
m

ay
be

a
–

constant
–

variable
–

structure
w

ith
term

s
as

its
com

ponents

10



P
ro

lo
g

an
d

H
o

rn
-clau

ses

•
P

rolog
only

handles
a

subsetofpredicate
logic

•
M

any
predicate

logic
expressions

can
be

translated
into

"horn-
clauses"

•
P

rolog
handles

H
orn-clauses

•
P

rolog
has

som
e

extra-/m
eta-logicalextensions

–
usefulfor

efficiency
reasons

and
to

w
rite

program
s

needing
higher

order
logics

11

H
o

rn
-clau

ses

C
onclusions

and
conditions

•
(∀

x
1
...x

n
)
A
←

B
1
∧
···∧

B
m
⇔

(∀
x

1
...x

n
)
A
∨
¬
B

1
∨
···∨

¬
B

m

•
(∀

x
1
...x

n
)
A

–
N

o
conditions

—
A

is
unconditionally

true

•
(∀

x
1
...x

n
)
¬
A
⇔

(∀
x

1
...x

n
)
⊥
∨
¬
A

–
P

redicate
A

is
false

—
⊥

is
falsity

12



Facts:
P

ro
p

erties
an

d
R

elatio
n

s

•
A

property
factin

P
rolog:

w
h
i
s
k
y
(
b
o
w
m
o
r
e
)
.

%
B
o
w
m
o
r
e
i
s
a
w
h
i
s
k
y

•
Tw

o
relation

facts
in

P
rolog

r
e
g
i
o
n
(
b
o
w
m
o
r
e
,
i
s
l
a
y
)
.

%
B
o
w
m
o
r
e
i
s
f
r
o
m
t
h
e
r
e
g
i
o
n

I
s
l
a
y

a
g
e
(
b
o
w
m
o
r
e
,
1
2
)
.

%
B
o
w
m
o
r
e
i
s
1
2
y
e
a
r
s
o
l
d

13

In
terp

reter

•
A

sk
w

hatw
hiskeys

are
available

?
-
w
h
i
s
k
y
(
X
)
.

X
=
b
o
w
m
o
r
e
?

;
%
R
e
q
u
e
s
t
f
u
r
t
h
e
r
w
h
i
s
k
e
y
s

n
o
%
N
o
f
u
r
t
h
e
r
w
h
i
s
k
e
y
s

14



A
n

o
nym

o
u

s
variab

les

•
If

w
e

w
ant

to
know

if
w

e
have

som
e

W
hiskey,

but
don’t

care
w

hich
one

?
-
w
h
i
s
k
y
(
)
.

y
e
s

•
"

"
is

called
an

anonym
ous

or
free

variable
and

is
never

bound
to

a
value

15

C
o

n
ju

n
ctive

q
u

eries

?
-
r
e
g
i
o
n
(
W
,
i
s
l
a
y
)
,
a
g
e
(
W
,
A
)
.
%

D
o
w
e
h
a
v
e
a
n
I
s
l
a
y
W
h
i
s
k
y

a
n
d
h
o
w
o
l
d
i
s
i
t
?

A
=
1
2
,
W
=
b
o
w
m
o
r
e
?

?
-
w
h
i
s
k
y
(
W
)
,
a
g
e
(
W
,
A
)
,
A
>
8
.

%
D
o
w
e
h
a
v
e
a

W
h
i
s
k
y
t
h
a
t
i
s

m
o
r
e
t
h
a
n
8

y
e
a
r
s
o
l
d
?

A
=
1
2
,
W
=

b
o
w
m
o
r
e
?

;
n
o

16



L
ists

in
P

ro
lo

g

•
[
]:

an
em

pty
list

•
[
1
,
2
,
a
b
b
a
]:

a
listw

ith
3

elem
ents

•
Lists

in
lists:

[
[
1
1
,
1
2
,
1
3
]
,
[
2
1
,
2
2
,
2
3
]
,
[
3
1
,
3
2
,
3
3
]
]

(a
3x3

m
atrix

(a
listw

ith
3

lists)).

•
D

ifferentnotations:
[
F
i
r
s
t
E
l
e
m
e
n
t
|
T
a
i
l
L
i
s
t
]

–
exam

ple:
[
1
|
[
2
,
a
b
b
a
]
]

17

L
ist

n
o

tatio
n

s

?
-
[
a
,
b
,
c
]
=
[
H
e
a
d
|
]
.

H
e
a
d
=
a

?
-
[
a
,
b
,
c
]
=
[
|
T
a
i
l
]
.

T
a
i
l
=
[
b
,
c
]

?
-
[
a
,
b
,
c
]
=
[
a
|
[
b
,
c
]
]
.

y
e
s

?
-
[
a
]
=

[
|
T
]
.

T
=
[
]
;

n
o

Testthese
in

a
P

rolog
interpreter!

18



A
recu

rsive
p

red
icate

(m
em

b
er)

m
e
m
b
e
r
(
X
,
[
X
|
R
e
s
t
]
)
.

%
X

i
s
a
m
e
m
b
e
r
i
f
i
t
i
s
t
h
e
f
i
r
s
t
e
l
-

e
m
e
n
t

m
e
m
b
e
r
(
X
,
[
F
|
R
e
s
t
]
)
:
-
%
o
t
h
e
r
w
i
s
e
X
i
s

i
n
t
h
e
r
e
s
t
o
f
t
h
e
l
i
s
t
.

m
e
m
b
e
r
(
X
,
R
e
s
t
)
.

?
-
m
e
m
b
e
r
(
X
,
[
a
b
b
a
,
1
,
3
]
)
.

X
=
a
b
b
a
?

;

X
=
1

?
;

X
=
3

?
;

n
o

?
-
m
e
m
b
e
r
(
1
,
[
A
,
B
]
)
.

A
=
1

?
;

B
=
1

?
;

19

n
o

20



A
rith

m
etic

an
d

o
th

er
o

p
erato

rs

•
+,

-,
*,

/,
s
i
n,

c
o
s,

t
a
n

•
<,

>,
>
=,

=
<,

=
:
=,

=
\
=

•
i
s

•
=
=,

\
=
=

(exactequality,notequal)

•
=

(unification)

21

A
rith

m
etic

exam
p

les

?
-
2

=
<
4
.

y
e
s

?
-
2
+
2
=
:
=
4
.

%
=
:
=
c
a
l
c
u
l
a
t
e
s
t
h
e
e
x
p
r
e
s
s
i
o
n
s
o
n
b
o
t
h
s
i
d
e
s

y
e
s

?
-
2
+
2
=
:
=
5
.

n
o

?
-
2
+
2
=
\
=
s
i
n
(
0
)
,
0
+
0

=
:
=
s
i
n
(
0
)
.

y
e
s

22



D
ebu

g
g

in
g

P
ro

lo
g

:
Trace

?
-

t
r
a
c
e
,
X
i
s
s
i
n
(
4
/
5
)
,
X
>
2
.

1
1
C
a
l
l
:

5
9
i
s
s
i
n
(
4
/
5
)
?

1
1
E
x
i
t
:

0
.
7
1
7
3
5
6
0
9
i
s
s
i
n
(
4
/
5
)
?

2
1
C
a
l
l
:

0
.
7
1
7
3
5
6
0
9
>
2
?

2
1
F
a
i
l
:

0
.
7
1
7
3
5
6
0
9
>
2
?

1
1
R
e
d
o
:

0
.
7
1
7
3
5
6
0
9
i
s
s
i
n
(
4
/
5
)
?

1
1
F
a
i
l
:

5
9
i
s
s
i
n
(
4
/
5
)
?

.
.
.

23

A
i
s

B
.

•
T

he
expression

on
the

rightside
of"i

s
"

is
calculated

and
unified

w
ith

variables
(or

constant)
A

.

?
-
A
r
e
a
i
s
3
.
1
4
*
5
*

5
.

A
r
e
a
=
7
8
.
5

?
-
4

i
s
4
.

y
e
s

24



=
=,

\
=
=

(exact
eq

u
ality)

?
-
W

=
=
Q
.
%
t
w
o
d
i
f
f
e
r
e
n
t
v
a
r
i
a
b
l
e
s

n
o

?
-
1
+
2
=
=
2
+
1
.

%
t
w
o
s
t
r
u
c
t
u
r
e
s
,
e
q
u
a
l
t
o
:

%
+
(
1
,
2
)
=
=
+
(
2
,
1
)
.

n
o

?
-
1
+
2
=
=
1
+
2
.

y
e
s

?
-
X

\
=
=
Y
.

y
e
s

25

U
n

ifi
catio

n
’=

’th
e

"co
re"

o
f

lo
g

ic
p

ro
g

ram
m

in
g

•
Tw

o
term

s
can

be
unified

ifand
only

ifeither:

–
O

ne
ofthem

is
a

variable
–

T
hey

are
identicalconstants

–
T

hey
are

structures
and

∗
T

hey
have

the
sam

e
constructor

nam
e

∗
T

hey
have

the
sam

e
num

berofargum
ents

w
hich

can
be

pairw
ise

unified

26



E
xam

p
le

1:
u

n
ifi

catio
n

?
-
1
0

=
X
.

X
=
1
0
?

;
n
o

?
-
5

+
5

=
1
0
.

%
+
(
5
,
5
)
=
1
0
.

n
o

?
-
n
o
d
e
(
l
e
f
t
,
1
2
3
,
X
)
=

n
o
d
e
(
A
,
B
,
B
)
.

A
=
l
e
f
t
,
B

=
1
2
3
,
X
=
1
2
3
?

;
n
o

27

E
xam

p
le

2:
u

n
ifi

catio
n

?
-
E

=
1
+
2
.

E
=
1
+
2
;

n
o

?
-
p
(
p
(
p
(
p
(
0
)
)
)
)
=

p
(
p
(
X
)
)
.
%
P
e
a
n
o
a
r
i
t
h
m
e
t
i
c

X
=
p
(
p
(
0
)
)
?

;
n
o

28



E
xam

p
le

3a:
u

n
ifi

catio
n

%
T
h
e
p
r
e
d
i
c
a
t
e
l
e
n
g
t
h
1

l
e
n
g
t
h
1
(
0
,
[
]
)
.

l
e
n
g
t
h
1
(
N
,
[
F
|
R
]
)
:
-
l
e
n
g
t
h
1
(
N
2
,
R
)
,
N

=
N
2
+
1
.

—
—

—
—

—
—

—
–

?
-
l
e
n
g
t
h
1
(
X
,
[
a
,
b
,
c
]
)
.

X
=
1
+
(
1
+
(
1
+
0
)
)
?

;
n
o

29

E
xam

p
le

3b
:

u
n

ifi
catio

n

%
T
h
e
p
r
e
d
i
c
a
t
e
l
e
n
g
t
h

l
e
n
g
t
h
(
0
,
[
]
)
.

l
e
n
g
t
h
(
N
,
[
F
|
R
]
)
:
-
l
e
n
g
t
h
1
(
N
2
,
R
)
,
N
i
s
N
2
+
1
.

—
—

—
—

—
—

—
–

?
-
l
e
n
g
t
h
(
X
,
[
a
,
b
,
c
]
)
.

X
=
3

?
;

n
o

30



S
yn

tax

•
P

redicates:
m
a
m
m
a,

m
M
M,

n
o
1

•
V

ariables:
W,

W
1
2,

1
2,

P
i

•
C

onstants:
s
t
e
f
a
n,

s
T
E
F
A
N,

’
S
t
e
f
a
n
’

•
S

tructures:
n
o
d
e
(
n
o
d
e
(
X
,
1
0
,
n
i
l
)
,
1
2
,
n
i
l
)

•
Lists:

[
],

[
1
,
2
,
[
4
4
,
5
5
]
,
3
],

[
a
,
n
(
1
,
2
,
3
)
]

•
A

rithm
etic

&
others:

+,
-,

*,
/,

s
i
n,

c
o
s,

t
a
n,

<,
>,

>
=,

=
<,

=
:
=,

=
\
=,

=
=,

=,
i
s

•
N

um
bers

(integer
and

real):
0,...,

9,
5
0
2,

1
2
3
.
3
1,

5
5
.
2
e
-
3

31

Tran
sitive

R
elatio

n
s

•
A

graph:
a

b

c
f

eg

d

e
d
g
e
(
a
,
b
)
.

e
d
g
e
(
a
,
c
)
.

e
d
g
e
(
b
,
d
)
.

e
d
g
e
(
b
,
e
)
.

e
d
g
e
(
c
,
e
)
.

e
d
g
e
(
d
,
f
)
.

e
d
g
e
(
e
,
f
)
.

e
d
g
e
(
e
,
g
)
.

•
w

rite
a

predicate
thatis

true
ifthere

is
a

path
from

X
to

Y.

p
a
t
h
(
X
,
X
)
.

p
a
t
h
(
X
,
Y
)
:
-
e
d
g
e
(
X
,
Y
)
.

p
a
t
h
(
X
,
Z
)
:
-
p
a
t
h
(
X
,
Y
)
,
p
a
t
h
(
Y
,
Z
)
.

•
C

reates
problem

s
for

e.g.
?
-
p
a
t
h
(
p
,
q
)
.

p
a
t
h
(
p
,
q
)
-
>
p
a
t
h
(
p
,
Y
1
)
,
p
a
t
h
(
Y
1
,
q
)
-
>

p
a
t
h
(
p
,
Y
1
1
)
,
p
a
t
h
(
Y
1
1
,
Y
1
)
,
p
a
t
h
(
Y
1
,
Y
1
2
)
,
p
a
t
h
(
Y
1
2
,
q
)
-
>
.
.
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B
etter

so
lu

tio
n

p
a
t
h
(
X
,
X
)
.

p
a
t
h
(
X
,
Z
)
:
-

e
d
g
e
(
X
,
Y
)
,

p
a
t
h
(
Y
,
Z
)
.
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D
ebu

g
g

in
g

n
ew

so
lu

tio
n

?
-
t
r
a
c
e
,
p
a
t
h
(
a
,
f
)
.

1
1
C
a
l
l
:

p
a
t
h
(
a
,
f
)

?
2
2
C
a
l
l
:

e
d
g
e
(
a
,
9
7
4
)
?

2
2
E
x
i
t
:

e
d
g
e
(
a
,
b
)

?
3
2
C
a
l
l
:

p
a
t
h
(
b
,
f
)

?
4
3
C
a
l
l
:

e
d
g
e
(
b
,
2
0
9
6
)

?
4
3
E
x
i
t
:

e
d
g
e
(
b
,
d
)

?
5
3
C
a
l
l
:

p
a
t
h
(
d
,
f
)

?
6
4
C
a
l
l
:

e
d
g
e
(
d
,
3
2
1
8
)

?
6
4
E
x
i
t
:

e
d
g
e
(
d
,
f
)

?
7
4
C
a
l
l
:

p
a
t
h
(
f
,
f
)

?
7
4
E
x
i
t
:

p
a
t
h
(
f
,
f
)

?
5
3
E
x
i
t
:

p
a
t
h
(
d
,
f
)

?
3
2
E
x
i
t
:

p
a
t
h
(
b
,
f
)

?
1
1
E
x
i
t
:

p
a
t
h
(
a
,
f
)

?

y
e
s
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