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ä
n
g
e

sin
d

m
ö
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lä

r.

A
n
a
ly

se
u
n
d

V
e
rifi

k
a
tio

n
(
W

S
2
0
0
7
/
2
0
0
8
)

/
5
.
T
e
il

(
0
5
.1

1
.2

0
0
7
)

8



B
e
is
p
ie

l
z
u
r
n
a
t
ü
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fü
r

d
a
s

B
e
isp

ie
l
v
o
n

W
H
IL

E
:

[[
sk

ip
]]d

s
=

I
d

[[
a
bo

r
t
]]d

s
=

E
r
r
o
r

[[
x

:=
t
]]d

s (σ
)
=

σ
[[[

t
]]A

(σ
)/

x
]

[[
π
1
;

π
2
]]d

s
=

[[
π
2
]]d

s
◦

[[
π
1
]]d

s

[[
if

b
th

e
n

π
1

e
lse

π
2

fi
]]d

s
=

co
n
d
([[

b
]]B

,[[
π
1
]]d

s ,[[
π
2
]]d

s )

[[
w

h
ile

b
d
o

π
o
d

]]d
s
=

F
I
X

F

w
h
e
re

F
g

=
co

n
d
([[

b
]]B

,g
◦
[[

π
]]d

s ,I
d
)

A
n
a
ly

se
u
n
d

V
e
rifi

k
a
tio

n
(
W

S
2
0
0
7
/
2
0
0
8
)

/
5
.
T
e
il

(
0
5
.1

1
.2

0
0
7
)

1
5

D
e
n
o
t
a
t
io

n
e
lle

S
e
m

a
n
t
ik

(
2
)

E
s

b
e
z
e
ic

h
n
e
n
:

•
I
d

:
Σ

ε
→

Σ
ε

d
ie

id
e
n
tisc

h
e

Z
u
sta

n
d
stra

n
sfo

rm
a
tio

n
:

∀
σ
∈

Σ
ε .

I
d
(σ

)=
df

σ

•
E

r
r
o
r
:
Σ

ε
→

Σ
ε
d
ie

k
o
n
sta

n
te

Z
u
sta

n
d
stra

n
sfo

rm
a
tio

n
m

it:

∀
σ
∈

Σ
ε .

E
r
r
o
r
(σ

)=
df

er
r
o
r

A
n
a
ly

se
u
n
d

V
e
rifi

k
a
tio

n
(
W

S
2
0
0
7
/
2
0
0
8
)

/
5
.
T
e
il

(
0
5
.1

1
.2

0
0
7
)

1
6



D
e
n
o
t
a
t
io

n
e
lle

S
e
m

a
n
t
ik

(
3
)

Z
u
r

H
ilfsfu

n
k
tio

n
co

n
d
...

F
u
n
k
tio

n
a
litä
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ü
r

a
lle

π
∈

P
rg

ist
d
u
rc

h
d
ie

G
le

ic
h
u
n
g
e
n

v
o
n

F
o
lie

“
D

e
n
o
-

ta
tio

n
e
lle

S
e
m

a
n
tik

(1
)”

e
in

e
(p

a
rtie

lle
)

F
u
n
k
tio

n
[[

π
]]d

s
d
e
fi
-

n
ie

rt,
d
ie

d
e
n
o
ta

tio
n
e
lle

S
e
m

a
n
tik

v
o
n

π
.

A
n
a
ly

se
u
n
d

V
e
rifi

k
a
tio

n
(
W

S
2
0
0
7
/
2
0
0
8
)

/
5
.
T
e
il

(
0
5
.1

1
.2

0
0
7
)

2
1

H
a
u
p
t
e
rg

e
b
n
is
s
e

T
h
e
o
re

m

∀
π

∈
P
rg

.
[[

π
]]so

s
=

[[
π

]]n
s
=

[[
π

]]d
s

D
ie

Ä
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rö

ß
te

E
le

m
e
n
te

.
E
x
iste

n
z

v
o
ra

u
s-

g
e
se

tz
t,

w
e
rd

e
n

sie
ü
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rö

ß
te

F
ix

p
u
n
k
t

e
in

e
r

F
u
n
k
tio

n
f

w
ird

o
ft

m
it

µ
f

b
z
w

.
ν
f

b
e
z
e
ic

h
n
e
t.

A
n
a
ly

se
u
n
d

V
e
rifi

k
a
tio

n
(
W

S
2
0
0
7
/
2
0
0
8
)

/
5
.
T
e
il

(
0
5
.1

1
.2

0
0
7
)

5
6



F
ix
p
u
n
k
t
s
a
t
z

T
h
e
o
re

m
(K

n
a
ste

r/
T
a
rsk

i,
K

le
e
n
e
)

S
e
i
(C

,⊑
)

e
in

e
C
P
O

u
n
d

se
i

f
:

C
→

C
e
in

e
ste

tig
e

F
u
n
k
tio

n

a
u
f

C
.

D
a
n
n

h
a
t

f
e
in

e
n

k
le

in
ste

n
F
ix

p
u
n
k
t

µ
f

u
n
d

d
ie

se
r

F
ix

p
u
n
k
t

e
rg

ib
t
sic

h
a
ls

k
le

in
ste

o
b
e
re

S
c
h
ra

n
k
e

d
e
r
K

e
tte

(so
g
.
K

le
e
n
e
-

K
e
tte

)
{
⊥

,f
(⊥

),f
2
(⊥

),...}
,
d
.h

.

µ
f
=
⊔

i∈
IN

0 f
i(⊥

)
=
⊔

{
⊥

,f
(⊥

),f
2
(⊥

),...}

A
n
a
ly

se
u
n
d

V
e
rifi

k
a
tio

n
(
W

S
2
0
0
7
/
2
0
0
8
)

/
5
.
T
e
il

(
0
5
.1

1
.2

0
0
7
)

5
7

B
e
w
e
is

d
e
s

F
ix
p
u
n
k
t
s
a
t
z
e
s

1
(
4
)

Z
u

z
e
ig

e
n
:

µ
f
...

1
.

e
x
istie

rt

2
.

ist
F
ix

p
u
n
k
t

3
.

ist
k
le

in
ste

r
F
ix

p
u
n
k
t

A
n
a
ly

se
u
n
d

V
e
rifi

k
a
tio

n
(
W

S
2
0
0
7
/
2
0
0
8
)

/
5
.
T
e
il

(
0
5
.1

1
.2

0
0
7
)

5
8

B
e
w
e
is

d
e
s

F
ix
p
u
n
k
t
s
a
t
z
e
s

2
(
4
)

1
.

E
x
iste

n
z

•
E
s

g
ilt

f
0
⊥

=
⊥

u
n
d

⊥
⊑

c
fü
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ä
re

F
u
n
k
tio

n
a
u
f

C
u
n
d

se
i

d
∈

C
.

D
a
n
n

h
a
t

f
e
in

e
n

k
le

in
ste

n
b
e
d
in

g
te

n
F
ix

p
u
n
k
t

µ
f
d

u
n
d

d
ie

-

se
r
F
ix

p
u
n
k
t

e
rg

ib
t

sic
h

a
ls

k
le

in
ste

o
b
e
re

S
c
h
ra

n
k
e

d
e
r
K

e
tte

{
d
,f

(d
),f

2
(d

),...}
,
d
.h

.

µ
f
d
=
⊔

i∈
IN

0 f
i(d

)
=
⊔

{
d
,f

(d
),f

2
(d

),...}

A
n
a
ly

se
u
n
d

V
e
rifi

k
a
tio

n
(
W

S
2
0
0
7
/
2
0
0
8
)

/
5
.
T
e
il

(
0
5
.1

1
.2

0
0
7
)

6
2

E
n
d
lic

h
e

F
ix
p
u
n
k
t
e

T
h
e
o
re

m
(E

n
d
lic

h
e

F
ix

p
u
n
k
te

)

S
e
i
(C

,⊑
)

e
in

e
C
P
O

u
n
d

se
i

f
:

C
→

C
e
in

e
ste

tig
e

F
u
n
k
tio

n

a
u
f

C
.

D
a
n
n

g
ilt:

S
in

d
in

d
e
r
K

le
e
n
e
-K

e
tte

v
o
n

f
z
w
e
i
a
u
fe

in
a
n
d
e
rfo

l-

g
e
n
d
e

G
lie

d
e
r
g
le

ic
h
,
e
tw

a
f

i(⊥
)
=

f
i+

1
(⊥

),
so

g
ilt

µ
f
=

f
i(⊥

).

A
n
a
ly

se
u
n
d

V
e
rifi

k
a
tio

n
(
W

S
2
0
0
7
/
2
0
0
8
)

/
5
.
T
e
il

(
0
5
.1

1
.2

0
0
7
)

6
3

E
x
is
t
e
n
z

e
n
d
lic

h
e
r

F
ix
p
u
n
k
t
e

H
in

re
ic

h
e
n
d
e

B
e
d
in

g
u
n
g
e
n

fü
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rä

n
k
t

d
u
rc

h
e
in

e
K

o
n
sta

n
te

.

•
Z
u
w
e
isu

n
g

...A
u
sfü
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rü

c
k
e

[[
.
]]T

A
:
A
e
x
p
r
→

ZZ
in

d
u
k
tiv

d
e
fi
n
ie

rt
d
u
rc

h

•
[[

n
]]T

A
=

df
1

•
[[

x
]]T

A
=

df
1

•
[[

a
1
+

a
2
]]T

A
=

df
[[

a
1
]]T

A
+

[[
a
2
]]T

A
+

1

•
[[

a
1
∗

a
2
]]T

A
=

df
[[

a
1
]]T

A
+

[[
a
2
]]T

A
+

1

•
[[

a
1
−

a
2
]]T

A
=

df
[[

a
1
]]T

A
+

[[
a
2
]]T

A
+

1

•
[[

a
1
/
a
2
]]T

A
=

df
[[

a
1
]]T

A
+

[[
a
2
]]T

A
+

1

•
...

(a
n
d
e
re

O
p
e
ra

to
re

n
a
n
a
lo

g
,

g
g
f.

a
u
c
h

m
it

o
p
e
ra

tio
n
s-

sp
e
z
ifi

sc
h
e
n

K
o
ste

n
)

A
n
a
ly

se
u
n
d

V
e
rifi

k
a
tio

n
(
W

S
2
0
0
7
/
2
0
0
8
)

/
5
.
T
e
il

(
0
5
.1

1
.2

0
0
7
)

7
1

A
n
m

e
rk

u
n
g
e
n

z
u

[[
.
]]T

A
u
n
d

[[
.
]]T

B

D
ie

S
e
m

a
n
tik

fu
n
k
tio

n
e
n

•
[[

.
]]T

A
u
n
d

[[
.
]]T

B

...b
e
sc

h
re

ib
e
n

in
tu

itiv
d
ie

A
n
z
a
h
l

d
e
r

Z
e
ite

in
h
e
ite

n
,

d
ie

e
in

e

(h
ie

r
n
ic

h
t

sp
e
z
ifi

z
ie

rte
)

a
b
stra

k
te

M
a
sc

h
in

e
z
u
r

A
u
sw

e
rtu

n
g

a
rith

m
e
tisc

h
e
r
u
n
d

B
o
o
le

sc
h
e
r

A
u
sd

rü
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fü

h
ru

n
g
s
z
e
it
a
s
p
e
k
t

(
1
)

...fü
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fä

llig
e
re

r
D

a
rste

llu
n
g
:

σ
[3/y]

σ
[3/y]

[2/x]

σ
[6/y]

[1/x]

ns ]
[w

hile
tt

[assns ]
[assns ]

σ
[1/y]

σ
[3/y]

y :=
 y*x,

ns ]
[com

p

ns ]
[com

p

[assns ]
σ

[1/y]
y :=

 1,σ
σ

[1/y]
σ

[6/y]
[1/x]

w
hile x <

>
 1 do y :=

 y*x; x :=
 x−

1 od,

σ
[1/y]

σ
[3/y]

[2/x]
y :=

 y*x; x :=
 x−

1,

T
ns ]

[com
p

σ
[6/y][2/x]

σ
[6/y]

[1/x]
x :=

 x−
1,

[assns ]

ns ]
[w

hile
tt

σ
[3/y][2/x]

σ
[6/y]

[1/x]
y :=

 y*x; x :=
 x−

1,

y :=
 y*x,σ

[3/y][2/x]
σ

[6/y]
[2/x]

[assns ]

σ
[6/y]

[1/x]
w

hile x <
>

 1 do y :=
 y*x; x :=

 x−
1 od,σ [6/y]

[1/x]
ns ]

[w
hile

ff

σ
[3/y]

[2/x]
σ

[6/y]
[1/x]

w
hile x <

>
 1 do y :=

 y*x; x :=
 x−

1 od,

x :=
 x−

1,

y :=
 1; w

hile x <
>

 1 do y :=
 y*x; x :=

 x−
1 od,

σ

T
2

3
3

6
19

31

33

3
3

6
7

19

A
n
a
ly

se
u
n
d

V
e
rifi

k
a
tio

n
(
W

S
2
0
0
7
/
2
0
0
8
)

/
5
.
T
e
il

(
0
5
.1

1
.2

0
0
7
)

7
9

D
rit

t
e
r

S
c
h
rit

t

E
rw

e
ite

ru
n
g

u
n
d

A
d
a
p
tio

n
d
e
r

•
d
e
s

B
e
w
e
isk

a
lk

ü
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Ü
b
e
rg

a
n
g

z
u

K
o
rre

k
th

e
itsfo

rm
e
ln

d
e
r

F
o
rm

{
p
}

π
{
e
⇓

q}

w
o
b
e
i

•
p

u
n
d

q
P
rä
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ö
rsa

a
l
1
4
,
T

U
-H

a
u
p
tg

e
b
ä
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