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tü

rlic
h
sp

ra
c
h
lic

h
e
n

D
o
k
u
m

e
n
te

n
a
u
fz

u
d
e
c
k
e
n

u
n
d

a
u
f-

z
u
lö
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ü
c
h
e
r...

•
H
a
n
n
e

R
.
N
ie

lso
n
,
F
le

m
m

in
g

N
ie

lso
n
.
S
e
m

a
n
t
ic

s
w

it
h

A
p
-

p
lic

a
t
io

n
s
:
A
n

A
p
p
e
t
iz
e
r,

S
p
rin

g
e
r,

2
0
0
7
.

•
H
a
n
n
e

R
.
N
ie

lso
n
,
F
le

m
m

in
g

N
ie

lso
n
.
S
e
m

a
n
t
ic

s
w

it
h

A
p
p
-

lic
a
t
io

n
s
:
A

F
o
rm

a
l
In

t
ro

d
u
c
t
io

n
,
W

ile
y

P
ro

fe
ssio

n
a
l
C
o
m

-

p
u
tin

g
,
W

ile
y,

1
9
9
2
.

(
S
ie

h
e
h
t
t
p
:
/
/
w
w
w
.
d
a
i
m
i
.
a
u
.
d
k
/
∼
b
r
a
8
1
3
0
/
W
i
l
e
y
b
o
o
k
/
w
i
l
e
y
.
h
t
m
l

fü
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ü
d
ig

e
r
O

ld
e
ro

g
,
B
e
rn

h
a
rd

S
te

ff
e
n
.
F
o
rm

a
le

S
e
m

a
n
-

t
ik

u
n
d

P
ro

g
ra

m
m

v
e
rifi

k
a
t
io

n
.

In
In

fo
rm

a
tik

-H
a
n
d
b
u
c
h
,

P
.

R
e
c
h
e
n
b
e
rg

,
G

.
P
o
m

b
e
rg

e
r

(H
rsg

.),
C
a
rl

H
a
n
se

r
V
e
r-

la
g
,
1
2
9

-
1
4
8
,
1
9
9
7
.

•
K

rz
y
sz

to
f

R
.
A
p
t,

E
rn

st-R
ü
d
ig

e
r

O
ld

e
ro

g
.
P
ro

g
ra

m
m

v
e
ri-

fi
k
a
t
io

n
–

S
e
q
u
e
n
t
ie

lle
,
p
a
ra

lle
le

u
n
d

v
e
rt

e
ilt

e
P
ro

g
ra

m
m

e
.

S
p
rin

g
e
r,

1
9
9
4
.

•
J
a
c
q
u
e
s
L
o
e
c
k
x

a
n
d

K
u
rt

S
ie

b
e
r.

T
h
e

F
o
u
n
d
a
t
io

n
s
o
f
P
ro

-

g
ra

m
V
e
rifi

c
a
t
io

n
,
W

ile
y,

1
9
8
4
.

•
K

rz
y
sz

to
f

R
.

A
p
t.

T
e
n

Y
e
a
rs

o
f

H
o
a
re

’s
L
o
g
ic

:
A

S
u
rv

e
y

–
P
a
rt

1
,
A
C
M

T
ra

n
sa

c
tio

n
s

o
n

P
ro

g
ra

m
m

in
g

L
a
n
g
u
a
g
e
s

a
n
d

S
y
ste

m
s

3
,
4
3
1

-
4
8
3
,
1
9
8
1
.

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
)

/
1
.&

2
.
T
e
il

(
0
1
.&

0
8
.1

0
.2

0
0
7
)

5

D
ie

P
ro

g
ra

m
m

ie
rs

p
ra

c
h
e

W
H
IL

E

...d
ie

S
p
ra

c
h
e

W
H
IL

E
,
d
e
r
so

g
.
“
w

h
ile

”
-K

e
rn

im
p
e
ra

tiv
e
r
P
ro

-

g
ra

m
m

ie
rsp

ra
c
h
e
n
,
b
e
sitz

t

•
Z
u
w
e
isu

n
g
e
n

(e
in

sc
h
lie

ß
lic

h
d
e
r

le
e
re

n
A
n
w
e
isu

n
g

u
n
d

d
e
r

F
e
h
le

ra
n
w
e
isu

n
g
)

•
F
a
llu

n
te

rsc
h
e
id

u
n
g
e
n

•
w

h
ile

-S
c
h
le

ife
n

•
S
e
q
u
e
n
tie

lle
K

o
m

p
o
sitio

n

B
e
a
c
h
t
e
:

W
H
IL

E
ist

“
sc

h
la

n
k
”
,

n
ic

h
tsd

e
sto

tro
tz

T
u
rin

g
-

m
ä
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Ü
b
e
rb

lic
k

ü
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n
d
e

w
ie

fo
lg

t
fe

stg
e
le

g
t:

•
(
S
p
e
ic

h
e
r-)

Z
u
s
t
ä
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fü
r...

σ
[1

/y]
so

s
[a

ss
]

[co
m

p
so

s
2

]

σ
σ

[1
/y]

w
h

ile
 x <

>
 1

 d
o

 y :=
 y*x; x :=

 x−
1

 o
d

,

y :=
 1

; w
h

ile
 x <

>
 1

 d
o

 y :=
 y*x; x :=

 x−
1

 o
d

,

y :=
 1

,
σ

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
)

/
1
.&

2
.
T
e
il

(
0
1
.&

0
8
.1

0
.2

0
0
7
)

4
2

B
e
is
p
ie

l
(
D

e
t
a
ilb

e
t
ra

c
h
t
u
n
g
)

(
6
)

〈w
h
ile

x
<

>
1

d
o

y
:=

y
∗

x
;

x
:=

x
−

1
o
d
,σ

[1
/
y
]〉

[w
h
ile

so
s ]

⇒
〈if

x
<

>
1

th
e
n

y
:=

y
∗

x
;

x
:=

x
−

1
;

w
h
ile

x
<

>
1

d
o

y
:=

y
∗

x
;

x
:=

x
−

1
o
d

e
lse

sk
ip

fi
,σ

[1
/
y
]〉

ste
h
t

v
e
re

in
fa

c
h
e
n
d

fü
r...

σ
[1

/y]
w

h
ile

 x <
>

 1
 d

o
 y :=

 y*x; x :=
 x−

1
 o

d
,σ

[1
/y]

e
lse

 skip
 fi,

so
s

[w
h

ile
]

w
h

ile
 x <

>
 1

 d
o

 y :=
 y*x; x :=

 x−
1

 o
d

if x <
>

 1
 th

e
n

 y:=
 y*x; x :=

 x−
1

; 

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
)

/
1
.&

2
.
T
e
il

(
0
1
.&

0
8
.1

0
.2

0
0
7
)

4
3

B
e
is
p
ie

l
(
D

e
t
a
ilb

e
t
ra

c
h
t
u
n
g
)

(
7
)

〈(y
:=

y
∗

x
;

x
:=

x
−

1
)
;

w
h
ile

x
<

>
1

d
o

y
:=

y
∗

x
;

x
:=

x
−

1
o
d
,σ

[1
/
y
]〉

(
[a

ss
so

s ],[c
o
m

p
2so

s ],[c
o
m

p
1so

s ])
⇒

〈x
:=

x
−

1
;

w
h
ile

x
<

>
1

d
o

y
:=

y
∗

x
;

x
:=

x
−

1
o
d
,

(σ
[1

/
y
])

[3
/
y
]〉

ste
h
t

v
e
re

in
fa

c
h
e
n
d

fü
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ä
n
g
e

k
le

in
e
r
o
d
e
r
g
le

ic
h

k
g
ilt

(
In

d
u
k
t
io

n
s
h
y
p
o
-

t
h
e
s
e
!),

d
a
ss

A
a
u
c
h

fü
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