
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
1
,
6

fe
b
ru

a
ri

2
0
1
2

H
e
rh

a
lin

g
o
n
d
e
rw

e
rp

e
n

F
I2

5
.
P
u
sh

d
o
w
n

A
u
to

m
a
ta

5
.1
.
D
e
fi
n
itio

n
s
a
n
d

E
x
a
m
p
le
s

1

•
h
o
o
rc
o
lle

g
e
:
m
a
a
n
d
a
g

6
fe
b

-
1
4

m
e
i,

z
a
a
l
4
0
3
,
1
3
:4
5
–
1
5
:3
0

w
e
rk
c
o
lle

g
e
:
d
in
sd

a
g

7
fe
b

-
1
5

m
e
i,

z
a
a
l
4
0
3
,
1
3
:4
5
–
1
5
:3
0

(W
o
u
te

r
D
u
iv
e
ste

ijn
)

•
b
o
e
k
:

J
o
h
n

C
.
M

a
rtin

,
In
tro

d
u
c
tio

n
to

L
a
n
g
u
a
g
e
s

a
n
d

th
e

T
h
e
o
ry

o
f
C
o
m
p
u
ta

tio
n
,
4
th

e
d
itio

n

E
r
k
o
m
t
v
e
rw

ijslijst
n
a
a
r
3
rd

e
d
itio

n

•
te

n
ta

m
e
n
s:

m
a
a
n
d
a
g

1
1

ju
n
i
2
0
1
2
,
1
0
:0
0
–
1
3
:0
0

m
a
a
n
d
a
g

2
0

a
u
g
u
stu

s
2
0
1
2
,
1
0
:0
0
–
1
3
:0
0

•
D
rie

h
u
isw

e
rk
o
p
g
a
v
e
n

(in
d
iv
id
u
e
e
l)

N
ie
t
v
e
rp

lic
h
t,

m
a
a
r
.
.
.

e
in
d
c
ijfe

r
=

0
.9

×
te

n
ta

m
e
n
c
ijfe

r
+

c
ijfe

rh
u
isw

e
rk
o
p
g
a
v
e
n

•
6

E
C

2

F
u
n
d
a
m
e
n
te

le
In
fo
rm

a
tic

a
2

2
.1
.
F
in
ite

A
u
to

m
a
ta

2
.4
.
T
h
e
P
u
m
p
in
g

L
e
m
m
a

3
.1
.
R
e
g
u
la
r
L
a
n
g
u
a
g
e
s
a
n
d

R
e
g
u
la
r
E
x
p
re
ssio

n
s

3
.2
.
N
o
n
d
e
te

rm
in
istic

F
in
ite

A
u
to

m
a
ta

3
.3
.
T
h
e
N
o
n
d
e
te

rm
in
ism

in
a
n

N
F
A

C
a
n

B
e
E
lim

in
a
te

d

3
.4
/
3
.5
.
K
le
e
n
e
’s

T
h
e
o
re
m

3

F
u
n
d
a
m
e
n
te

le
In
fo
rm

a
tic

a
2

4
.2
.
C
o
n
te

x
t-F

re
e
G
ra

m
m
a
rs

4
.3
.
R
e
g
u
la
r
L
a
n
g
u
a
g
e
s
a
n
d

R
e
g
u
la
r
G
ra

m
m
a
rs

4
.4
.
D
e
riv

a
tio

n
T
re
e
s

6
.1
.
T
h
e
P
u
m
p
in
g

L
e
m
m
a

fo
r
C
o
n
te

x
t-F

re
e
L
a
n
g
u
a
g
e
s

4

5
.
P
u
sh

d
o
w
n

A
u
to

m
a
ta

5

ju
st

lik
e
F
A
,
P
D
A

a
c
c
e
p
ts

strin
g
s
/

la
n
g
u
a
g
e

ju
st

lik
e
F
A
,
P
D
A

h
a
s
sta

te
s

ju
st

lik
e
F
A
,
P
D
A

re
a
d
s
in
p
u
t
o
n
e
le
tte

r
a
t
a

tim
e

u
n
lik

e
F
A
,
P
D
A

h
a
s
a
u
x
ilia

ry
m
e
m
o
ry
:
a

sta
c
k

u
n
lik

e
F
A
,
b
y
d
e
fa
u
lt

P
D
A

is
n
o
n
d
e
te

rm
in
istic

u
n
lik

e
F
A
,
b
y
d
e
fa
u
lt

Λ
-tra

n
sitio

n
s
a
re

a
llo

w
e
d

in
P
D
A

6

S
ta

c
k

in
P
D
A

c
o
n
ta

in
s
sy

m
b
o
ls

fro
m

c
e
rta

in
a
lp
h
a
b
e
t.

U
su

a
l
sta

c
k

o
p
e
ra

tio
n
s:

p
o
p
,
to

p
,
p
u
sh

E
x
tra

p
o
ssib

lity
:
re
p
la
c
e
to

p
e
le
m
e
n
t
X

b
y
strin

g
α

α
=

Λ
p
o
p

α
=

X
to

p
α
=

Y
X

p
u
sh

α
=

β
X

p
u
sh

∗

α
=

.
.
.

T
o
p

e
le
m
e
n
t
X

is
re
q
u
ire

d
to

d
o

a
m
o
v
e
!

7

E
x
a
m

p
le

5
.3

.
A

P
D
A

A
c
c
e
p
tin

g
th

e
L
a
n
g
u
a
g
e
A
n
B
n

A
n
B
n
=

{
a
ib
i
|
i
≥

0
}

8



D
e
fi
n
it
io
n

5
.1

.
A

P
u
sh

d
o
w
n

A
u
to

m
a
to

n

A
p
u
s
h
d
o
w
n
a
u
t
o
m
a
t
o
n
(P

D
A
)
is

a
7
-tu

p
le

M
=

(
Q
,Σ

,Γ
,
q
0
,
Z
0
,
A
,
δ
),

w
h
e
re

Q
is

a
fi
n
ite

se
t
o
f
sta

te
s.

Σ
a
n
d

Γ
a
re

fi
n
ite

se
ts,

th
e
in
p
u
t
a
n
d

s
t
a
c
k

a
lp
h
a
b
e
t.

q
0
,
th

e
in
itia

l
sta

te
,
is

a
n

e
le
m
e
n
t
o
f
Q
.

Z
0
,
th

e
in
itia

l
sta

c
k

sy
m
b
o
l,

is
a
n

e
le
m
e
n
t
o
f
Γ
.

A
,
th

e
se

t
o
f
a
c
c
e
p
tin

g
sta

te
s,

is
a

su
b
se

t
o
f
Q
.

δ
,
th

e
tra

n
sitio

n
fu

n
c
tio

n
,
is

a
fu

n
c
tio

n
fro

m
.
.
.
to

.
.
.

9

D
e
fi
n
it
io
n

5
.1

.
A

P
u
sh

d
o
w
n

A
u
to

m
a
to

n

A
p
u
s
h
d
o
w
n

a
u
t
o
m
a
t
o
n

(P
D
A
)

is
a

7
-tu

p
le

M
=

(
Q
,Σ

,Γ
,
q
0
,
Z
0
,
A
,
δ
),

w
h
e
re

Q
is

a
fi
n
ite

se
t
o
f
sta

te
s.

Σ
a
n
d

Γ
a
re

fi
n
ite

se
ts,

th
e
in
p
u
t
a
n
d

s
t
a
c
k

a
lp
h
a
b
e
t.

q
0
,
th

e
in
itia

l
sta

te
,
is

a
n

e
le
m
e
n
t
o
f
Q
.

Z
0
,
th

e
in
itia

l
sta

c
k

sy
m
b
o
l,

is
a
n

e
le
m
e
n
t
o
f
Γ
.

A
,
th

e
se

t
o
f
a
c
c
e
p
tin

g
sta

te
s,

is
a

su
b
se

t
o
f
Q
.

δ
,
th

e
tra

n
sitio

n
fu

n
c
tio

n
,
is

a
fu

n
c
tio

n
fro

m
Q

×
(Σ

∪
{
Λ
}
)
×

Γ

to
th

e
se

t
o
f
fi
n
ite

su
b
se

ts
o
f
Q

×
Γ
∗.

In
p
rin

c
ip
le
,
Z
0
m
a
y
b
e
re
m
o
v
e
d

fro
m

th
e
sta

c
k
,

b
u
t
o
fte

n
it

isn
’t.

1
0

E
x
a
m

p
le

5
.3

.
A

P
D
A

A
c
c
e
p
tin

g
th

e
L
a
n
g
u
a
g
e
A
n
B
n

A
n
B
n
=

{
a
ib
i
|
i
≥

0
}

T
ra

n
sitio

n
T
a
b
le

v
s
T
ra

n
sitio

n
D
ia
g
ra

m

M
o
v
e
N
u
m
b
e
r

S
ta

te
In
p
u
t

S
ta

c
k

S
y
m
b
o
l

M
o
v
e
(s)

1
q
0

a
Z
0

(
q
1
,
a
Z
0
)

2
q
1

a
a

(
q
1
,
a
a
)

3
q
1

b
a

(
q
2
,Λ

)
4

q
2

b
a

(
q
2
,Λ

)
5

q
2

Λ
Z
0

(
q
3
,
Z
0
)

a
ll
o
th

e
r
c
o
m
b
in
a
tio

n
s

n
o
n
e

1
1

N
o
ta

tio
n
:

c
o
n
fi
g
u
ra

tio
n

(
q
,
x
,
α
)

(
p
,
x
,
α
)
⊢
M

(
q
,
y
,
β
)

(
p
,
x
,
α
)
⊢
nM

(
q
,
y
,
β
)

(
p
,
x
,
α
)
⊢
∗M

(
q
,
y
,
β
)

(
p
,
x
,
α
)
⊢
(
q
,
y
,
β
)

(
p
,
x
,
α
)
⊢
n
(
q
,
y
,
β
)

(
p
,
x
,
α
)
⊢
∗
(
q
,
y
,
β
)

1
2

D
e
fi
n
it
io
n

5
.2

.
A
c
c
e
p
ta

n
c
e
b
y
a

P
D
A

If
M

=
(
Q
,Σ

,Γ
,
q
0
,
Z
0
,
A
,
δ
)
a
n
d

x
∈

Σ
∗,

th
e
strin

g
x

is
a
c
c
e
p
te

d
b
y
M

if

(
q
0
,
x
,
Z
0
)
⊢
∗M

(
q
,Λ

,
α
)

fo
r
so

m
e
α
∈

Γ
∗
a
n
d

so
m
e
q
∈

A
.

A
la
n
g
u
a
g
e
L

⊆
Σ

∗
is

sa
id

to
b
e
a
c
c
e
p
te

d
b
y
M

,

if
L

is
p
re
c
ise

ly
th

e
se

t
o
f
strin

g
s
a
c
c
e
p
te

d
b
y
M

;

in
th

is
c
a
se

,
w
e
w
rite

L
=

L
(
M

).

S
o
m
e
tim

e
s
a

strin
g

a
c
c
e
p
te

d
b
y

M
,
o
r
a

la
n
g
u
a
g
e

a
c
c
e
p
te

d
b
y

M
,
is

sa
id

to
b
e
a
c
c
e
p
te

d
b
y
fi
n
a
l
s
t
a
t
e
.

1
3

E
x
a
m

p
le

5
.3

.
P
D
A
s
A
c
c
e
p
tin

g
th

e
L
a
n
g
u
a
g
e
s

A
n
B
n

a
n
d

S
im

p
le
P
a
l

A
n
B
n
=

{
a
ib
i
|
i
≥

0
}

S
im

p
le
P
a
l
=

{
x
c
x
r
|
x
∈

{
a
,
b}

∗}

1
4

E
x
a
m

p
le

5
.7

.
A

P
u
sh

d
o
w
n

A
u
to

m
a
to

n
A
c
c
e
p
tin

g
P
a
l

1
5

(
q
0
,
ba

a
b,
Z
0 )

P
P

P
P

P
P

P
P

P
P

P
P

P
P

P
P

h
h

h
h

h
h

h
h

h
h

h
h

h
h

h
h

h
h

h
h

h
h

h
h

h
h

h
h

h
h
h

(
q
1
,
a
a
b,
Z
0 )

(
q
1
,
ba

a
b,
Z
0 )

(
q
0
,
a
a
b,
bZ

0 )
(
q
2
,
a
a
b,
Z
0 )

(
q
2
,
ba

a
b,
Z
0 )

P
P

P
P

P
P

P
P

P
P

P
P

P
P

P
P

h
h

h
h

h
h

h
h

h
h

h
h

h
h

h
h

h
h

h
h

h
h

h
h

h
h

h
h

h
h
h

(
q
0
,
a
b,
a
bZ

0 )
(
q
1
,
a
b,
bZ

0 )
(
q
1
,
a
a
b,
bZ

0 )
P

P
P

P
P

P
P
P

P
P

P
P

P
P

P
P

h
h

h
h

h
h

h
h

h
h

h
h

h
h

h
h

h
h

h
h

h
h

h
h

h
h

h
h

h
h
h

(
q
0
,
b,
a
a
bZ

0 )
(
q
1
,
b,
a
bZ

0 )
(
q
1
,
a
b,
a
bZ

0 )
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�
�

P
P

P
P

P
P

P
P

P
P

P
P

P
P

P
P

(
q
0
,Λ

,
ba

a
bZ

0 )
(
q
1
,Λ

,
a
a
bZ

0 )
(
q
1
,
b,
a
a
bZ

0 )
(
q
1
,
b,
bZ

0 )

(
q
1
,Λ

,
ba

a
bZ

0 )
(
q
1
,Λ

,
Z
0 )

(
q
2
,Λ

,
Z
0 )

1
6



5
.2
.
D
e
te

rm
in
istic

P
u
sh

d
o
w
n

A
u
to

m
a
ta

1
7

D
e
fi
n
it
io
n

5
.1

0
.
A

D
e
te

rm
in
istic

P
u
sh

d
o
w
n

A
u
to

m
a
to

n

A
p
u
sh

d
o
w
n
a
u
to

m
a
to

n
M

=
(
Q
,Σ

,Γ
,
q
0
,
Z
0
,
A
,
δ
)
is

d
e
t
e
rm

in
is
t
ic

if
it

sa
tisfi

e
s
b
o
th

o
f
th

e
fo

llo
w
in
g

c
o
n
d
itio

n
s.

1
.
F
o
r
e
v
e
ry

q
∈

Q
,
e
v
e
ry

σ
∈

Σ
∪
{
Λ
}
,
a
n
d

e
v
e
ry

X
∈

Γ
,

th
e
se

t
δ
(
q
,
σ
,
X
)
h
a
s
a
t
m
o
st

o
n
e
e
le
m
e
n
t.

2
.
F
o
r
e
v
e
ry

q
∈

Q
,
e
v
e
ry

σ
∈

Σ
,
a
n
d

e
v
e
ry

X
∈

Γ
,

th
e
tw

o
se

ts
δ
(
q
,
σ
,
X
)
a
n
d
δ
(
q
,Λ

,
X
)
c
a
n
n
o
t
b
o
th

b
e
n
o
n
e
m
p
ty.

A
la
n
g
u
a
g
e

L
is

a
d
e
t
e
rm

in
is
t
ic

c
o
n
t
e
x
t
-fre

e
la
n
g
u
a
g
e

(D
C
F
L
)

if
th

e
re

is
a

d
e
te

rm
in
istic

P
D
A

(D
P
D
A
)
a
c
c
e
p
tin

g
L
.

2
.
(in

o
th

e
r
w
o
rd

s):
F
o
r
e
v
e
ry

q
∈

Q
a
n
d

e
v
e
ry

X
∈

Γ
,

if
δ
(
q
,Λ

,
X
)
is

n
o
t
e
m
p
ty,

th
e
n

δ
(
q
,
σ
,
X
)
is

e
m
p
ty

fo
r
e
v
e
ry

σ
∈

Σ
.

1
8


