
F
u
n
d
a
m
e
n
te

le
In
fo
rm

a
tic

a
3

v
o
o
rja

a
r
2
0
1
2

h
t
t
p
:
/
/
w
w
w
.
l
i
a
c
s
.
n
l
/
h
o
m
e
/
r
v
v
l
i
e
t
/
f
i
3
/

R
u
d
y

v
a
n

V
lie

t

k
a
m
e
r
1
2
4

S
n
e
lliu

s,
te

l.
0
7
1
-5

2
7

5
7
7
7

rv
v
lie

t(a
t)lia

c
s.n

l

c
o
lle

g
e
6
,
1
2

m
a
a
rt

2
0
1
2

6
.
C
o
n
te

x
t-F

re
e
a
n
d

N
o
n
-C

o
n
te

x
t-F

re
e
L
a
n
g
u
a
g
e
s

6
.2
.
In
te

rse
c
tio

n
s
a
n
d

C
o
m
p
le
m
e
n
ts

o
f
C
F
L
s

7
.
T
u
rin

g
M

a
c
h
in
e
s

1

6
.2
.
In
te

rse
c
tio

n
s
a
n
d
C
o
m
p
le
m
e
n
ts

o
f
C
F
L
s

2

E
x
c
e
r
c
is
e
.

S
h
o
w

th
a
t
if

L
is

a
c
c
e
p
te

d
b
y
a

D
P
D
A

M
,
th

e
n

th
e
re

is
a

P
D
A

M
′
a
c
c
e
p
tin

g
th

e
la
n
g
u
a
g
e
{
x
#

y
|

x
∈

L
a
n
d

x
y
∈

L
}
.

(T
h
e
sy

m
b
o
l
#

is
a
ssu

m
e
d
n
o
t
to

b
e
in

a
n
y
o
f
th

e
strin

g
s
o
f
L
.)

3

E
x
c
e
r
c
is
e

5
.2

0
.

S
h
o
w

th
a
t
if

L
is

a
c
c
e
p
te

d
b
y
a
D
P
D
A

M
,
th

e
n
th

e
re

is
a
D
P
D
A

M
′
a
c
c
e
p
tin

g
th

e
la
n
g
u
a
g
e
{
x
#

y
|

x
∈

L
a
n
d

x
y
∈

L
}
.

(T
h
e
sy

m
b
o
l
#

is
a
ssu

m
e
d
n
o
t
to

b
e
in

a
n
y
o
f
th

e
strin

g
s
o
f
L
.)

4

E
x
e
r
c
is
e
.
(fro

m
la
st

w
e
e
k
)

L
e
t
M

b
e
a

D
P
D
A
.

C
o
n
stru

c
t
a

D
P
D
A

M
′
su

c
h

th
a
t
L
(
M

′)
=

L
(
M

)

a
n
d

M
′
h
a
s
n
o

Λ
-tra

n
sitio

n
s
fro

m
a
n

a
c
c
e
p
tin

g
sta

te
.

5

T
h
e
o
r
e
m

6
.1

3
.

If
L
1
is

a
c
o
n
te

x
t-fre

e
la
n
g
u
a
g
e
a
n
d

L
2
is

a
re
g
u
la
r
la
n
g
u
a
g
e
,

th
e
n

L
1
∩
L
2
is

a
C
F
L
.

6

E
x
e
r
c
is
e

6
.8

.

S
h
o
w

th
a
t
if

L
1
is

a
D
C
F
L

a
n
d

L
2
is

re
g
u
la
r,

th
e
n

L
1
∩
L
2
is

a
D
C
F
L
.

7

E
x
e
r
c
is
e

6
.2

1
.

U
se

E
x
e
rc
ise

s
5
.2
0

a
n
d

6
.8

to
sh

o
w

th
a
t
th

e

fo
llo

w
in
g

la
n
g
u
a
g
e
s
a
re

n
o
t
D
C
F
L
s.

T
h
is

te
c
h
n
iq
u
e

is
u
se

d
in

F
lo
y
d

a
n
d

B
e
ig
e
l
(1

9
9
4
),

w
h
e
re

th
e

la
n
g
u
a
g
e
in

E
x
e
rc
ise

5
.2
0

is
re
fe
rre

d
to

a
s
D
o
u
b
le
-D

u
ty
(
L
).

a
.
P
a
l,

th
e
la
n
g
u
a
g
e
o
f
p
a
lin

d
ro

m
e
s
o
v
e
r
{
a
,
b}
.
(H

in
t:

C
o
n
sid

e
r

th
e
re
g
u
la
r
la
n
g
u
a
g
e
c
o
rre

sp
o
n
d
in
g

to
a
+
b
+
a
+
#

b
+
a
+
.)

b
.
{
x
∈

{
a
,
b}

∗
|

n
b (
x
)
=

n
a
(
x
)
o
r
n
b (
x
)
=

2
n
a
(
x
)}
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re
g
.
la
n
g
u
a
g
e
s

re
g
.
g
ra

m
m
a
r

F
A

re
g
.
e
x
p
re
ssio

n

c
f.

la
n
g
u
a
g
e
s

c
f.

g
ra

m
m
a
r

P
D
A

T
M

9

7
.
T
u
rin

g
M

a
c
h
in
e
s

7
.1
.
A

G
e
n
e
ra

l
M

o
d
e
l
o
f
C
o
m
p
u
ta

tio
n

1
0

A
s
s
u
m

p
t
io
n
s
a
b
o
u
t
a

h
u
m

a
n

c
o
m

p
u
t
e
r

w
o
r
k
in
g

w
it
h

a
p
e
n
c
il

a
n
d

p
a
p
e
r
:

1
.
T
h
e
o
n
ly

th
in
g
s
w
ritte

n
o
n

th
e
p
a
p
e
r
a
re

sy
m
b
o
ls

fro
m

so
m
e

fi
x
e
d

fi
n
ite

a
lp
h
a
b
e
t;

2
.
E
a
c
h
ste

p
ta

k
e
n
b
y
th

e
c
o
m
p
u
te

r
d
e
p
e
n
d
s
o
n
ly

o
n
th

e
sy

m
b
o
l

h
e
is

c
u
rre

n
tly

e
x
a
m
in
in
g
a
n
d
o
n
h
is

“
sta

te
o
f
m
in
d
”
a
t
th

e
tim

e
;

3
.
A
lth

o
u
g
h

h
is

sta
te

o
f
m
in
d

m
a
y
c
h
a
n
g
e
a
s
a

re
su

lt
o
f
h
is

e
x
-

a
m
in
in
g
d
iff

e
re
n
t
sy

m
b
o
ls,

o
n
ly

a
fi
n
ite

n
u
m
b
e
r
o
f
d
istin

c
t
sta

te
s

o
f
m
in
d

a
re

p
o
ssib

le
.

1
1

A
c
t
io
n
s
o
f
a

h
u
m

a
n

c
o
m

p
u
t
e
r
o
n

a
s
h
e
e
t
o
f
p
a
p
e
r
:

1
.
E
x
a
m
in
in
g

a
n

in
d
iv
id
u
a
l
sy

m
b
o
l
o
n

th
e
p
a
p
e
r;

2
.
E
ra

sin
g

a
sy

m
b
o
l
o
r
re
p
la
c
in
g

it
b
y
a
n
o
th

e
r;

3
.

T
ra

n
sfe

rrin
g

a
tte

n
tio

n
fro

m
o
n
e

sy
m
b
o
l
to

a
n
o
th

e
r
n
e
a
rb

y

sy
m
b
o
l.

1
2

T
u
r
in
g

m
a
c
h
in
e

T
u
rin

g
m
a
c
h
in
e
h
a
s
a

fi
n
ite

a
lp
h
a
b
e
t
o
f
sy

m
b
o
ls.

(a
c
tu

a
lly

tw
o

a
lp
h
a
b
e
ts.

.
.
)

T
u
rin

g
m
a
c
h
in
e
h
a
s
a

fi
n
ite

n
u
m
b
e
r
o
f
sta

te
s.

T
u
rin

g
m
a
c
h
in
e
h
a
s
a

t
a
p
e

fo
r
re
a
d
in
g

in
p
u
t,

a
s
w
o
rk

sp
a
c
e
,

a
n
d

fo
r
w
ritin

g
o
u
tp

u
t
(if

a
p
p
lic

a
b
le
).

T
a
p
e
is

lin
e
a
r,

in
ste

a
d

o
f
2
-d

im
e
n
sio

n
a
l.

T
a
p
e
h
a
s
a

le
ft

e
n
d

a
n
d

is
p
o
te

n
tia

lly
in
fi
n
ite

to
th

e
rig

h
t.

T
a
p
e

is
m
a
rk
e
d

o
ff

in
to

sq
u
a
re
s,

e
a
c
h

o
f
w
h
ic
h

c
a
n

h
o
ld

o
n
e

sy
m
b
o
l.

T
a
p
e
h
e
a
d
is

c
e
n
te

re
d
o
n
o
n
e
sq

u
a
re

o
f
th

e
ta

p
e
fo
r
re
a
d
in
g
a
n
d

w
ritin

g
.

1
3

A
m

o
v
e

o
f
a

T
u
r
in
g

m
a
c
h
in
e

c
o
n
s
is
t
s
o
f:

1
.
C
h
a
n
g
in
g
fro

m
th

e
c
u
rre

n
t
sta

te
to

a
n
o
th

e
r,

p
o
ssib

ly
d
iff

e
re
n
t

sta
te

;

2
.
R
e
p
la
c
in
g

th
e
sy

m
b
o
l
in

th
e
c
u
rre

n
t
sq

u
a
re

b
y
a
n
o
th

e
r,

p
o
s-

sib
ly

d
iff

e
re
n
t
sy

m
b
o
l;

3
.

L
e
a
v
in
g

th
e

ta
p
e

h
e
a
d

o
n

th
e

c
u
rre

n
t
sq

u
a
re
,
o
r
m
o
v
in
g

it

o
n
e
sq

u
a
re

to
th

e
rig

h
t,

o
r
m
o
v
in
g

it
o
n
e
sq

u
a
re

to
th

e
le
ft

if
it

is
n
o
t
a
lre

a
d
y
o
n

th
e
le
ftm

o
st

sq
u
a
re
.

1
4

J
u
s
t
lik

e
F
A

a
n
d

P
D
A
,
T
u
r
in
g

m
a
c
h
in
e

•
m
a
y
b
e
u
se

d
to

a
c
c
e
p
t
a

la
n
g
u
a
g
e

•
h
a
s
a

fi
n
ite

n
u
m
b
e
r
o
f
sta

te
s

U
n
lik

e
F
A

a
n
d

P
D
A
,
T
u
r
in
g

m
a
c
h
in
e

•
m
a
y
a
lso

b
e
u
se

d
to

c
o
m
p
u
te

a
fu

n
c
tio

n
∗

•
is

n
o
t
re
stric

te
d

to
re
a
d
in
g

in
p
u
t
le
ft-to

-rig
h
t

∗

•
d
o
e
s
n
o
t
h
a
v
e
to

re
a
d

a
ll
in
p
u
t

∗

•
d
o
e
s
n
o
t
h
a
v
e
a
se

t
o
f
a
c
c
e
p
tin

g
sta

te
s,

b
u
t
h
a
s
tw

o
h
a
lt

sta
te

s:

o
n
e
fo
r
a
c
c
e
p
ta

n
c
e
a
n
d

o
n
e
fo
r
re
je
c
tio

n
(in

c
a
se

o
f
c
o
m
p
u
tin

g

a
fu

n
c
tio

n
,
.
.
.
)

•
m
a
y
d
e
c
id
e
n
o
t
to

h
a
lt

∗
=

ju
st

lik
e
h
u
m
a
n

c
o
m
p
u
te

r

1
5

7
.2
.
T
u
rin

g
M

a
c
h
in
e
s

a
s
L
a
n
g
u
a
g
e
A
c
c
e
p
to

rs

E
x
a
m

p
le

7
.3

.
A

T
M

A
c
c
e
p
tin

g
a

R
e
g
u
la
r
L
a
n
g
u
a
g
e

L
=

{
a
,
b}

∗{
a
b}
{
a
,
b}

∗
∪
{
a
,
b}

∗{
ba

}

F
irst

a
fi
n
ite

a
u
to

m
a
to

n
,
th

e
n

a
T
u
rin

g
m
a
c
h
in
e

1
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E
x
a
m

p
le

7
.3

.
A

T
M

A
c
c
e
p
tin

g
a

R
e
g
u
la
r
L
a
n
g
u
a
g
e

L
=

{
a
,
b}

∗{
a
b}
{
a
,
b}

∗
∪
{
a
,
b}

∗{
ba

}

F
irst

a
fi
n
ite

a
u
to

m
a
to

n
,
th

e
n

a
T
u
rin

g
m
a
c
h
in
e

T
h
is

c
o
n
v
e
rsio

n
w
o
rk

s
in

g
e
n
e
ra

l
fo
r
F
A
s.

A
s
a

re
su

lt,

•
o
n
ly

m
o
v
e
s
to

th
e
rig

h
t,

•
n
o

m
o
d
ifi
c
a
tio

n
s
o
f
sy

m
b
o
ls

o
n

ta
p
e
,

•
n
o

m
o
v
e
s
to

th
e
re
je
c
t
sta

te
,
b
u
t
.
.
.

In
th

is
c
a
se

,

•
w
e
c
o
u
ld

m
o
d
ify

T
M

,
so

th
a
t
it

d
o
e
s
n
o
t
a
lw

a
y
s
re
a
d

e
n
tire

in
p
u
t.

1
7

E
x
a
m

p
le

7
.5

.
A

T
M

A
c
c
e
p
tin

g
X
X

=
{
x
x
|
x
∈

{
a
,
b}

∗}

1
8

H
u
is
w
e
r
k
o
p
g
a
v
e

2
.
T
o
e
p
a
sse

n
v
a
n

ste
llin

g
5
.2
9
.

In
le
v
e
rd

a
tu

m
d
in
sd

a
g

2
7

m
a
a
rt

2
0
1
2
,
1
3
:4
5

u
u
r

1
9

T
h
e
o
r
e
m

5
.2

9
.

If
M

=
(
Q
,Σ

,Γ
,
q
0
,
Z
0
,
A
,
δ
)
is

a
p
u
sh

d
o
w
n

a
u
to

m
a
to

n
a
c
c
e
p
tin

g

L
b
y
e
m
p
ty

sta
c
k
,

th
e
n

th
e
re

is
a

c
o
n
te

x
t-fre

e
g
ra

m
m
a
r
G

su
c
h

th
a
t
L

=
L
(
G
).

P
r
o
o
f.

W
e
d
e
fi
n
e
G

=
(
V
,Σ

,
S
,
P
)
a
s
fo

llo
w
s:

V
c
o
n
ta

in
s
S

a
s
w
e
ll
a
s
a
ll
p
o
ssib

le
v
a
ria

b
le
s
o
f
th

e
fo
rm

[p
,
A
,
q
],

w
h
e
re

A
∈

Γ
a
n
d

p
,
q
∈

Q
.

e
tc

.

2
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