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e
se

tz
t

ist:

e
n
u
m
d
e
s
c
r
i
p
t
o
r
{
a
b
s
,
r
e
l
}
;

t
y
p
e
d
e
f
s
t
r
u
c
t
{

a
d
d
r
e
s
s
l
o
c
a
t
i
o
n
;

d
e
s
c
r
i
p
t
o
r
k
i
n
d
;

}
s
a
f
e
_
a
d
d
r
e
s
s
;

K
o
n
z
e
p
te

v
o
n

P
ro

g
ra

m
m

ie
rsp

ra
c
h
e
n

T
y
p
e
n
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U
n
io

n
m

it
D

is
k
rim

in
a
n
t
e

V
a
ria

n
te

r
R
e
c
o
rd

in
P
a
sc

a
l:

ty
p
e

n
a
tu

ra
l
=

0
..m

a
x
in

t;

a
d
d
re

ss
ty

p
e

=
(a

b
so

lu
te

,
o
ff
se

t);

sa
fe

a
d
d
re

ss
=

re
c
o
rd

c
a
s
e

k
in

d
:
a
d
d
re

ss
ty

p
e

o
f

a
b
so

lu
te

:
(a

b
s

a
d
d
r:

n
a
tu

ra
l);

o
ff
se

t:
(o

ff
a
d
d
r:

in
te

g
e
r)

e
n
d

K
o
n
z
e
p
te

v
o
n

P
ro

g
ra

m
m

ie
rsp

ra
c
h
e
n

T
y
p
e
n
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P
o
w
e
rs

e
t

P
o
w
e
rse

t
=

M
e
n
g
e

a
lle

r
T
e
ilm

e
n
g
e
n

e
in

e
r

g
e
g
e
b
e
n
e
n

M
e
n
g
e

In
P
ro

g
ra

m
m

ie
rsp

ra
c
h
e
n
:
M

e
n
g
e

ist
T
y
p

B
e
isp

ie
l
in

P
a
sc

a
l:

ty
p
e

o
p
tio

n
=

(list,
o
p
tim

iz
e
,
sa

v
e
,
e
x
e
c
);

o
p
tio

n
se

t
=

s
e
t

o
f

o
p
tio

n
;

v
a
r

a
c
tiv

e
o
p
tio

n
s:

o
p
tio

n
se

t;

.
.
.

a
c
tiv

e
o
p
tio

n
s

:=
[o

p
tim

iz
e
,
sa

v
e
];

if
e
x
e
c

in
a
c
tiv

e
o
p
tio

n
s
t
h
e
n

.
.
.

K
o
n
z
e
p
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v
o
n

P
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g
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m
m
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c
h
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R
e
k
u
rs

iv
e

D
a
t
e
n
ty

p
e
n

E
in

D
a
te

n
ty

p
T

ist
re

k
u
rsiv

w
e
n
n

T
z
u
r
D

e
fi
n
itio

n
v
o
n

T
v
e
r-

w
e
n
d
e
t

w
ird

.

B
e
isp

ie
le

:

b
in

tre
e

=
{
n
il}

∪
(in

te
g
e
r
×

b
in

tre
e
×

b
in

tre
e
)

in
t

list
=

{
n
il}

∪
(in

te
g
e
r
×

in
t

list)

B
e
isp

ie
l
fü

r
L
iste

n
in

M
L
:

fu
n

fi
n
d
(e

l,
n
il)

=
fa

lse

|
fi
n
d
(e

l,
x
::x

s)
=

if
e
l=

x
th

e
n

tru
e

e
lse

fi
n
d
(e

l,
x
s);

K
o
n
z
e
p
te

v
o
n

P
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g
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m
m
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rsp

ra
c
h
e
n

T
y
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e
n
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U
n
s
ic
h
e
rh

e
it

v
o
n

Z
e
ig

e
rn

1
.

U
n
ty

p
isie

rte
Z
e
ig

e
r

(z
.B

.
in

P
L
/
I)

→
P
ro

b
le

m
d
u
rc

h
ty

p
isie

rte
Z
e
ig

e
r

lö
sb

a
r

2
.

A
rith

m
e
tisc

h
e

O
p
e
ra

tio
n
e
n

a
u
f
Z
e
ig

e
rn

(z
.B

.
in

C
)

→
so

lc
h
e

O
p
e
ra

tio
n
e
n

v
e
rb

ie
te

n
→

E
ffi

z
ie

n
z
v
e
rlu

st

3
.

D
a
n
g
lin

g
R
e
fe

re
n
c
e
s

d
u
rc

h
U
m

g
e
h
u
n
g

v
o
n

S
c
o
p
e
s

→
L
a
u
fz

e
itc

h
e
c
k
s,

k
e
in

A
d
re

sso
p
e
ra

to
r,

n
u
r
H
e
a
p
-O

b
je

k
te

4
.

D
a
n
g
lin

g
R
e
fe

re
n
c
e
s

d
u
rc

h
e
x
p
liz

ite
D

e
a
llo

k
a
tio

n

→
n
u
r

G
a
rb

a
g
e

C
o
lle

c
tio

n
sta

tt
e
x
p
liz

ite
r
D

e
a
llo

k
a
tio

n

5
.

Z
e
ig

e
r

in
n
ic

h
td

isk
rim

in
a
n
te

n
U
n
io

n
s

→
d
isk

rim
in

a
n
te

U
n
io

n
s

v
e
rw

e
n
d
e
n

K
o
n
z
e
p
te

v
o
n

P
ro

g
ra

m
m

ie
rsp

ra
c
h
e
n

T
y
p
e
n
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Z
u
s
a
m

m
e
n
g
e
s
e
t
z
t
e

W
e
rt

e

B
e
isp

ie
le

in
C
:

i
n
t
_
l
i
s
t
x
=

{
5
,
N
U
L
L
}
;

c
h
a
r
h
e
l
l
o
[
]
=
{
’
h
’
,
’
e
’
,
’
l
’
,
’
l
’
,
’
o
’
,
0
}
;

B
e
isp

ie
le

in
A
d
a
:

X
:IN

T
L
IS

T
N
O

D
E

:=

(V
A
L
=

>
5
,
N
E
X
T

=
>
n
e
w

IN
T

L
IS

T
N
O

D
E
(0

,
n
u
ll));

ty
p
e

M
A
T

R
IX

is
a
rra

y
(0

..N
,
0
..M

)
o
f

B
O

O
L
E
A
N
;

Y
:M

A
T

R
IX

:=
(1

..N
−
1
=

>
(0

..M
=

>
T

R
U
E
),o

t
h
e
rs

=
>
F
A
L
S
E
);

Y
:M

A
T

R
IX

:=
(0

|N
=

>
(0

..M
=

>
F
A
L
S
E
),

o
t
h
e
rs

=
>
T

R
U
E
);

K
o
n
z
e
p
te

v
o
n

P
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g
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m
m
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c
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T
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V
e
rw

e
n
d
u
n
g

e
in

e
r

K
la

s
s
e

in
C
+

+

p
o
i
n
t
p
1
(
1
,
3
)
;

/
/
i
n
s
t
a
n
z
i
e
r
t
p
1

p
o
i
n
t
p
2
(
5
5
,
0
)
;

/
/
i
n
s
t
a
n
z
i
e
r
t
p
2

p
o
i
n
t
*
p
3
=

n
e
w
p
o
i
n
t
(
0
,
0
)
;

/
/
p
3
z
e
i
g
t
a
u
f
n
e
u
e
n
P
u
n
k
t

p
1
.
x
_
m
o
v
e
(
3
)
;

/
/
v
e
r
s
c
h
i
e
b
t
p
1
h
o
r
i
z
o
n
t
a
l

p
2
.
y
_
m
o
v
e
(
9
9
)
;

/
/
v
e
r
s
c
h
i
e
b
t
p
2
v
e
r
t
i
k
a
l

p
1
.
r
e
s
e
t
(
)
;

/
/
p
o
s
i
t
i
o
n
i
e
r
t
p
1

C
o
p
y

C
o
n
stru

c
to

r:

p
o
i
n
t
(
p
o
i
n
t
&
p
)
{

x
=

p
.
x
;

y
=

p
.
y
;

}

K
o
n
z
e
p
te

v
o
n

P
ro

g
ra

m
m

ie
rsp

ra
c
h
e
n

T
y
p
e
n
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V
e
rw

e
n
d
u
n
g

e
in

e
s

T
y
p
s

in
E
iff

e
l

p
1
,

p
2
:
P
O
I
N
T
;

.
.
.

!
!
p
1
.
m
a
k
e
_
p
o
i
n
t
(
4
,
7
)
;

!
!
p
2
.
m
a
k
e
_
p
o
i
n
t
(
5
5
,
0
)
;

p
1
.
m
o
v
e
_
x
(
3
)
;

p
2
.
m
o
v
e
_
y
(
9
9
)
;

p
1
.
r
e
s
e
t
(
)
;

K
o
n
z
e
p
te

v
o
n

P
ro

g
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m
m
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rsp

ra
c
h
e
n

T
y
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e
n
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T
y
p
fe

h
le

r
u
n
d

T
y
p
ü
b
e
rp

rü
fu

n
g

J
e
d
e
r

V
e
rsu

c
h
,
e
in

O
b
je

k
t

d
u
rc

h
ille

g
a
le

O
p
e
ra

tio
n
e
n

z
u

m
a
-

n
ip

u
lie

re
n
,
ist

e
in

T
y
p
fe

h
le

r.

E
in

ty
p
s
ic

h
e
re

s
P
ro

g
ra

m
m

e
n
th

ä
lt

g
a
ra

n
tie

rt
k
e
in

e
T
y
p
fe

h
le

r.

T
y
p
sic

h
e
rh

e
it

w
ird

d
u
rc

h
T
y
p
ü
b
e
rp

rü
fu

n
g
e
n

sic
h
e
rg

e
ste

llt.

D
y
n
a
m

is
c
h
e

T
y
p
ü
b
e
rp

rü
fu

n
g
e
n

e
rfo

lg
e
n

z
u
r
L
a
u
fz

e
it,

s
t
a
t
is
c
h
e

Ü
b
e
rp

rü
fu

n
g
e
n

z
u
r

Ü
b
e
rse

tz
u
n
g
sz

e
it.

E
in

ig
e

T
y
p
ü
b
e
rp

rü
fu

n
g
e
n

k
ö
n
n
e
n

n
u
r
d
y
n
a
m

isc
h

d
u
rc

h
g
e
fü

h
rt

w
e
rd

e
n
.

N
ic

h
t

je
d
e
s

d
e
r

S
p
e
z
ifi

k
a
tio

n
w

id
e
rsp

re
c
h
e
n
d
e

V
e
rh

a
lte

n
e
in

e
s

P
ro

g
ra

m
m

s
ist

e
in

T
y
p
fe

h
le

r.

K
o
n
z
e
p
te

v
o
n

P
ro

g
ra

m
m

ie
rsp

ra
c
h
e
n

T
y
p
e
n
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S
t
a
rk

e
u
n
d

s
t
a
t
is
c
h
e

T
y
p
s
y
s
t
e
m

e

E
in

T
y
p
sy

ste
m

ist
e
in

e
M

e
n
g
e

v
o
n

R
e
g
e
ln

,
d
ie

v
e
rh

in
d
e
rn

so
l-

le
n
,
d
a
ss

ty
p
u
n
sic

h
e
re

P
ro

g
ra

m
m

e
g
e
sc

h
rie

b
e
n

w
e
rd

e
n
.

E
in

T
y
p
sy

ste
m

ist
s
t
a
rk

,
w
e
n
n

e
s
T
y
p
sic

h
e
rh

e
it

g
a
ra

n
tie

rt.
E
in

e

S
p
ra

c
h
e

m
it

sta
rk

e
m

T
y
p
sy

ste
m

ist
s
t
a
rk

ty
p
is
ie

rt
.
D

e
r

Ü
b
e
r-

se
tz

e
r
k
a
n
n

sic
h
e
rste

lle
n
,
d
a
ss

k
e
in

e
T
y
p
fe

h
le

r
a
u
ftre

te
n
.

D
e
r

T
y
p

je
d
e
n

A
u
sd

ru
c
k
s

in
e
in

e
r
s
t
a
t
is
c
h

ty
p
is
ie

rt
e
n

S
p
ra

c
h
e

ist
z
u
r

Ü
b
e
rse

tz
u
n
g
sz

e
it

b
e
k
a
n
n
t.

J
e
d
e

sta
tisc

h
ty

p
isie

rte
S
p
ra

c
h
e

ist
sta

rk
ty

p
isie

rt,

a
b
e
r
n
ic

h
t

je
d
e

sta
rk

ty
p
isie

rte
S
p
ra

c
h
e

ist
sta

tisc
h

ty
p
isie

rt.

K
o
n
z
e
p
te

v
o
n

P
ro

g
ra

m
m

ie
rsp

ra
c
h
e
n

T
y
p
e
n
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T
y
p
k
o
m

p
a
t
ib

ilit
ä
t

U
n
te

rsc
h
e
id

u
n
g

z
w

isc
h
e
n

T
y
p
k
o
m

p
a
tib

ilitä
t

a
u
fg

ru
n
d

v
o
n

N
a
-

m
e
n
sg

le
ic

h
h
e
it

b
z
w

.
S
tru

k
tu

rg
le

ic
h
h
e
it.

N
a
m

e
n
sg

le
ic

h
h
e
it

ist
stre

n
g
e
r

a
ls

S
tru

k
tu

rg
le

ic
h
h
e
it;

N
a
m

e
n

k
ö
n
n
e
n

d
ie

In
te

n
tio

n
d
e
s

P
ro

g
ra

m
m

ie
re

rs
a
u
sd

rü
c
k
e
n
.

B
e
isp

ie
le

:

C
v
e
rw

e
n
d
e
t

S
tru

k
tu

rg
le

ic
h
h
e
it,

a
u
sg

e
n
o
m

m
e
n

S
tru

k
tu

re
n
.

A
d
a

v
e
rw

e
n
d
e
t

N
a
m

e
n
sg

le
ic

h
h
e
it,

a
u
sse

r
U
n
te

rb
e
re

ic
h
sty

p
e
n
:

IA
:
a
rra

y
(1

..1
0
0
)
o
f

IN
T

E
G

E
R
;

IB
:
a
rra

y
(1

..1
0
0
)

o
f

IN
T

E
G

E
R
;

K
o
n
z
e
p
te

v
o
n

P
ro

g
ra

m
m

ie
rsp

ra
c
h
e
n

T
y
p
e
n

2
9





T
y
p
u
m

w
a
n
d
lu

n
g

Im
p
liz

ite
T
y
p
u
m

w
a
n
d
lu

n
g

(c
o
e
rc

io
n
)

e
rfo

lg
t

in
e
in

ig
e
n

S
p
ra

-

c
h
e
n

(C
,
C
+

+
,
A
lg

o
l
6
8
)

w
e
n
n

e
in

a
k
tu

e
lle

r
P
a
ra

m
e
te

r
e
in

e
n

z
u
m

fo
rm

a
le

n
P
a
ra

m
e
te

r
in

k
o
m

p
a
tib

le
n

T
y
p

h
a
t.

B
e
isp

ie
l
in

C
:

i
n
t

x
;

f
l
o
a
t
z
;

.
.
.

x
=

x
+

z
;

x
=

x
+

(
i
n
t
)
z
;

In
A
d
a

g
ib

t
e
s

n
u
r

e
x
p
liz

ite
T
y
p
u
m

w
a
n
d
lu

n
g
e
n
:

I
:=

IN
T

E
G

E
R
(X

);

K
o
n
z
e
p
te

v
o
n

P
ro

g
ra

m
m

ie
rsp

ra
c
h
e
n

T
y
p
e
n

3
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S
k
a
la
re

T
y
p
e
n

in
A
d
a

ty
p
e

S
m

a
ll

In
t
is

ra
n
g
e

-1
0
..1

0
;

ty
p
e

T
w
o

D
ig

it
is

m
o
d

1
0
0
;

s
u
b
ty

p
e

N
a
tu

ra
l
is

In
te

g
e
r
ra

n
g
e

0
..IN

T
E
G

E
R
’L

A
S
T

;

s
u
b
ty

p
e

P
o
sitiv

e
is

In
te

g
e
r
ra

n
g
e

1
..IN

T
E
G

E
R
’L

A
S
T

;

ty
p
e

C
e
lsiu

s
is

n
e
w

In
te

g
e
r;

ty
p
e

F
a
re

n
h
e
it

is
n
e
w

In
te

g
e
r;

ty
p
e

F
lo

a
t

1
is

d
ig

it
s

1
0
;

ty
p
e

F
ix

P
t
is

d
e
lt
a

0
.0

1
ra

n
g
e

0
.0

..1
0
0
.0

;

ty
p
e

D
e
c

P
t
is

d
e
lt
a

0
.0

1
d
ig

it
s

3
;

ty
p
e

W
e
e
k

is
(S

u
n
,
M

o
n
,
T
u
e
,
W

e
d
,
T

h
u
,
F
ri,

S
a
t);

ty
p
e

D
a
ily

is
a
rra

y
(W

e
e
k
)
o
f

In
te

g
e
r;

ty
p
e

A
t

W
o
rk

is
a
rra

y
(W

e
e
k

ra
n
g
e

M
o
n
..F

ri)
o
f

In
te

g
e
r;

K
o
n
z
e
p
te

v
o
n

P
ro

g
ra

m
m

ie
rsp

ra
c
h
e
n

T
y
p
e
n
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U
n
b
e
s
c
h
rä

n
k
t
e

A
rra

y
-T

y
p
e
n

in
A
d
a

ty
p
e

S
o
m

e
D

a
y
s
is

a
rra

y
(W

e
e
k

ra
n
g
e

<
>
)
o
f

In
te

g
e
r;

ty
p
e

In
t

V
e
c
to

r
is

a
rra

y
(In

te
g
e
r
ra

n
g
e

<
>
)
o
f

In
te

g
e
r;

ty
p
e

B
o
o
l
M

a
trix

is
a
rra

y

(In
te

g
e
r
ra

n
g
e

<
>
,
In

te
g
e
r
ra

n
g
e

<
>
)
o
f

B
o
o
le

a
n
;

ty
p
e

S
trin

g
is

a
rra

y
(P

o
sitiv

e
ra

n
g
e

<
>
)
o
f

C
h
a
ra

c
te

r;

U
se

fu
l
W

o
rk

:
S
o
m

e
D

a
y
s

(M
o
n
..W

e
d
);

Z
:
In

t
V
e
c
to

r
(-1

0
0
..1

0
0
);

W
:
In

t
V
e
c
to

r
(2

0
..4

0
);

Y
:
B
o
o
l
M

a
trix

(0
..N

,
0
..M

);

L
in

e
:
S
trin

g
(1

..8
0
)

:=
(1

..8
0

=
>

’
’);

K
o
n
z
e
p
te

v
o
n

P
ro

g
ra

m
m

ie
rsp

ra
c
h
e
n

T
y
p
e
n

3
9









Z
e
ig

e
r
in

A
d
a

T
:
T
re

e
R
e
f;

...
T

:=
n
e
w

B
in

T
re

e
N
o
d
e
;

T
.a

ll
:=

(In
fo

=
>
0
,
L
e
ft=

>
n
u
ll,

R
ig

h
t=

>
n
u
ll)

ty
p
e

M
e
ssa

g
e

R
o
u
tin

e
is

a
c
c
e
s
s

p
ro

c
e
d
u
re

(M
:
S
trin

g
);

G
iv

e
M

e
ssa

g
e
:
M

e
ssa

g
e

R
o
u
tin

e
;

...

G
iv

e
M

e
ssa

g
e

:=
P
rin

t
T

h
is’A

c
c
e
ss;

G
iv

e
M

e
ssa

g
e
.a

ll
(”

T
h
is

is
n
o
t

a
n

e
rro

r”
);

S
tru

c
tu

re
:
a
rra

y
(1

..1
0
)
o
f
a
lia

s
e
d

C
o
m

p
o
n
e
n
t;

ty
p
e

C
o
m

p
o
n
e
n
tP

tr
is

a
c
c
e
s
s

a
ll

C
o
m

p
o
n
e
n
t;

M
in

e
,
Y
o
u
rs:

C
o
m

p
o
n
e
n
tP

tr;
...
M

in
e

:=
S
tru

c
tu

re
(1

)’A
c
c
e
ss;

Y
o
u
rs

:=
S
tru

c
tu

re
(2

)’A
c
c
e
ss;

K
o
n
z
e
p
te

v
o
n

P
ro

g
ra

m
m

ie
rsp

ra
c
h
e
n

T
y
p
e
n
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