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•
{ 

P
} 

α 
{ 

Q
}

he
iß

en
 F

or
m

el
n

m
it 

P
, Q

∈
B

,α
 ∈

C
P

, Q
he

iß
en

 a
uc

h 
Z

us
ic

he
ru

ng
en

•
K

o
rr

ek
th

ei
t 

bz
w

. G
ül

tig
ke

it,
 z

w
ei

 V
ar

ia
nt

en
 (

in
fo

rm
el

l):

p
ar

ti
el

l |
= p

 { 
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}
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 d
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 d
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•
|-

{ 
2 

>
 0

 }
 y

 :=
 2

 {
 y

 >
 0

 }
// 

es
 m

us
s 

ni
ch

t x
se

in
!

•
|-

{ 
x+

1 
=

 2
 }

 x
 :=

x+
1 

{ 
x 

=
 2

 }
// 

"x
+

1"
 ≡

tw
ird

 d
ur

ch
 "

x"
 ≡

x
er

se
tz

t

•
|-

{ 
x+

1 
=

 y
 }

 x
 :=

x+
1 

{ 
x 

=
 y

 }
 

•
|-

{ 
x+

1+
5 

=
 y

 }
 x

 :=
x+

1 
{ 

x+
5 

=
 y

 }
 

// 
H

ie
r 

w
ur

de
 ϕ

[t/
x]

=
 "

x+
6"

 v
or

be
re

ite
nd

 u
m

-
// 

ge
fo

rm
t (

um
 t

zu
 "

er
ze

ug
en

")
 >

 A
np

as
su

ng

•
|-

{ 
x+

1 
>

 0
 ∧

y 
>

 0
 }

 x
 :=

x+
1 

{ 
x 

>
 0

 ∧
y 

> 
0 

}
// 

ϕ[
t/x

]=
da

rf
 b

el
ie

bi
g 

ko
m

pl
ex

er
 lo

gi
sc

he
r 

// 
A

us
dr

uc
k 

se
in

{ 
ϕ[

t/x
]}

 x
 :=

t
{ϕ

}

T
ec

hn
is

ch
e 

U
ni

ve
rs

itä
t

B
ra

un
sc

hw
ei

g
5-

92

2.
 A

n
p

as
su

n
g

sr
eg

el
 (

H
ilf

sr
eg

el
)

B
ew

ei
sr

eg
el

n
 f

. p
ar

t.
 K

o
rr

ek
th

ei
t 

(3
/7

)
5.

 A
lg

o
ri

th
m

en
ko

n
. I

5.
4 

V
er

if
ik

at
io

n

B
ed

eu
tu

ng
: 

W
en

n 
{ 

ϕ 2
} 

α
{ 

ϕ 3}
 g

ilt
 u

nd
au

s 
ϕ 1

ϕ 2 
so

w
ie

 a
us

 ϕ
3

ϕ 4 
lo

gi
sc

h 
ab

zu
le

ite
n 

si
nd

, d
an

n 
gi

lt 
au

ch
 {

 ϕ
1 
} 

α
{ 

ϕ 4 
}.

 

A
nm

er
ku

ng
:

R
eg

el
 d

ie
nt

 z
ur

 „
R

ec
ht

fe
rt

ig
un

g“
lo

gi
sc

he
r 

U
m

fo
rm

un
ge

n 
de

r 
V

or
-

un
d 

N
ac

hb
ed

in
gu

ng
en

 (
i.d

.R
. z

ur
 V

or
be

re
itu

ng
 d

er
 

A
nw

en
du

ng
 a

nd
er

er
 R

eg
el

n)
. W

ird
 o

ft 
im

pl
iz

it 
ve

rw
en

de
t.

B
ei

sp
ie

le
: 

ϕ 1
⇒

ϕ 2,
{ 

ϕ 2
} 

α
{ 

ϕ 3 
},

 ϕ
3
⇒

ϕ 4

{ 
ϕ 1 

} 
α

{ 
ϕ 4 

}

x+
6 

= 
y
⇒

x+
1+

5 
=

 y
,{

 x
+

1+
5 

=
 y

 }
 x

 :=
x+

1 
{ 

x+
5 

=
 y

 }
 

{ 
x+

6 
=

 y
 }

 x
 :=

x+
1 

{ 
x+

5 
= 

y 
}

K
om

bi
na

tio
n 

vo
n 

A
np

as
su

ng
sr

eg
el

 
(n

ur
 V

or
be

di
ng

un
g)

 
un

d 
Z

uw
ei

su
ng

sr
eg

el

{ 
0<

x 
∧

x=
a 

∧
ev

en
(x

)}
  ⇒

{0
<

x÷
2

∧
x÷

2
=

 a
÷2

∧
ev

en
(2

x÷
2)

}
x 

:=
x÷

2
{0

<
x 

∧
x=

a÷
2

∧
ev

en
(2

x)
} 
⇒

{0
≤x

<
a}

{ 
0 

<
 x

 ∧
x 

=
 a

 ∧
ev

en
(x

) 
} 

x 
:=

x÷
2

{ 
0 

≤
x 

< 
a 

}

{ϕ
1}

 ⇒
{ 

ϕ 2
} 

α
{ 

ϕ 3 
}
⇒

{ϕ
4 
}

{ 
ϕ 1 

} 
α

{ 
ϕ 4 

}

K
ur

zf
or

m
:

di
to

 
(K

ur
zf

or
m

)



T
ec

hn
is

ch
e 

U
ni

ve
rs

itä
t

B
ra

un
sc

hw
ei

g
5-

93

3.
 S

eq
u

en
z

B
ew

ei
sr

eg
el

n
 f

. p
ar

t.
 K

o
rr

ek
th

ei
t 

(4
/7

)
5.

 A
lg

o
ri

th
m

en
ko

n
. I

5.
4 

V
er

if
ik

at
io

n

B
ed

eu
tu

ng
: 

w
en

n
{ 

ϕ 1
} 

α 1
{ 

ϕ 2 
}

gi
lt

un
d

{ 
ϕ 2

} 
α 2

{ 
ϕ 3 

}
gi

lt,
 d

an
n

gi
lt

fü
r 

di
e 

H
in

te
re

in
an

de
ra

us
fü

hr
un

g 
vo

n 
α 1

un
d

α 2
:

{ 
ϕ 1 

} 
α 1

;α
2

{ 
ϕ 3 

}.

B
ei

sp
ie

l: 

{ 
y+

2 
=

 3
 }

 x
 :=

2 
{ 

y+
x 

=
 3

 }
 u

nd
 {

 y
+x

 =
 3

 }
 y

 :=
 y

+
x 

{ 
y 

=
 3

 }
 g

el
te

n 
au

fg
ru

nd
 

de
r 

B
ew

ei
sr

eg
el

n 
fü

r 
di

e 
Z

uw
ei

su
ng

. 

D
am

it 
is

t f
ür

 d
as

 P
ro

gr
am

m
fr

ag
m

en
t"

x 
:=

2 
; y

 :=
 y

+
x"

 u
nd

 d
ie

 V
or

be
di

ng
un

g 
{ 

y+
2 

=
 3

 }
 fo

lg
en

de
 F

or
m

el
 m

itt
el

s 
ob

en
 g

en
an

nt
er

 B
ew

ei
sr

eg
el

 a
bz

ul
ei

te
n 

: 

{ 
y+

2 
=

 3
 }

 x
 :=

2 
; y

 :=
 y

+
x 

{ 
y 

=
 3

 }

{ 
y+

2 
=

 3
 }

 x
 :=

2 
{ 

y+
x 

=
 3

 }
, {

 y
+

x 
=

 3
 }

 y
 :=

 y
+x

 {
 y

 =
 3

 }

ϕ 2 
he

iß
t a

uc
h 

Z
w

is
ch

en
zu

si
ch

er
un

g
{ 

ϕ 1
} 

α 1
{ 

ϕ 2 
},

 {
 ϕ

2
} 

α 2
{ 

ϕ 3 
} 

{ 
ϕ 1 

} 
α 1

;α
2

{ 
ϕ 3 

}

T
ec

hn
is

ch
e 

U
ni

ve
rs

itä
t

B
ra

un
sc

hw
ei

g
5-

94

4.
 B

ed
in

g
te

 A
u

sf
ü

h
ru

n
g

 (
S

el
ek

ti
o

n
)

B
ew

ei
sr

eg
el

n
 f

. p
ar

t.
 K

o
rr

ek
th

ei
t 

(5
/7

)
5.

 A
lg

o
ri

th
m

en
ko

n
. I

5.
4 

V
er

if
ik

at
io

n

B
ed

eu
tu

ng
: 

D
ie

V
or

be
di

ng
un

g
ϕ 1

m
us

s 
be

i z
ut

re
ffe

nd
er

 B
ed

in
gu

ng
 B

 d
ur

ch
 α

zu
r 

N
ac

hb
ed

in
gu

ng
ϕ 2 

ab
zu

le
ite

n 
se

in
 g

en
au

so
 w

ie
 ϕ

1
be

i n
ic

ht
zu

tr
ef

fe
nd

er
 B

ed
in

gu
ng

 B
 d

ur
ch

 β
zu

r 
N

ac
hb

ed
in

gu
ng

ϕ 2 
ab

zu
le

ite
n 

se
in

 m
us

s.
 D

an
n 

gi
lt 

fü
r 

di
e 

be
di

ng
te

 A
us

fü
hr

un
g 

vo
n 

α
od

er
 β

ab
hä

ng
ig

 v
on

 B
{ 

ϕ 1 
} 

if
B

th
en

α
el

se
β

fi
{ 

ϕ 2 
}

B
ei

sp
ie

l: 
z.

Z
.: 

{0
<

x 
∧

x 
=

 a
 }

 if
ev

en
(x

) 
th

en
x 

:=
x÷

2
el

se
x 

:=
x-

1 
fi

{ 
0 

≤
x 

<
a 

}

{ 
0<

x 
∧

x 
=

 a
 ∧

ev
en

(x
)

} 
x 

:=
x÷

2
{ 

0 
≤

x 
<

a 
},

{ 
0<

x 
∧

x 
=

 a
 ∧

¬
ev

en
(x

)
} 

x 
:=

x-
1

{ 
0 

≤
x 

<
a 

}

{0
<

x 
∧

x 
=

 a
 }

 if
ev

en
(x

) 
th

en
x 

:=
x÷

2
el

se
x 

:=
x-

1 
fi

{ 
0 

≤
x 

<
a 

}
gi

lt 
so

m
it 

au
ch

gi
lt 

(Z
uw

ei
su

ng
sr

eg
el

 u
nd

 
A

np
as

su
ng

 (
w

g.
 e

ve
n:

 s
.o

.)

{ 
ϕ 1

∧
B

} 
α

{ 
ϕ 2 

},
 {

 ϕ
1 

∧
¬

B
} 

β
{ 

ϕ 2 
} 

{ 
ϕ 1 

} 
if

B
th

en
α;

 e
ls

e
β

fi
{ 

ϕ 2 
}

T
ec

hn
is

ch
e 

U
ni

ve
rs

itä
t

B
ra

un
sc

hw
ei

g
5-

95

5.
 E

in
se

it
ig

e 
b

ed
in

g
te

 A
u

sf
ü

h
ru

n
g

 (
S

el
ek

ti
o

n
)

B
ew

ei
sr

eg
el

n
 f

. p
ar

t.
 K

o
rr

ek
th

ei
t 

(6
/7

)
5.

 A
lg

o
ri

th
m

en
ko

n
. I

5.
4 

V
er

if
ik

at
io

n

B
ed

eu
tu

ng
: 

D
ie

V
or

be
di

ng
un

g
ϕ 1

m
us

s 
be

i z
ut

re
ffe

nd
er

 B
ed

in
gu

ng
 B

 d
ur

ch
 α

zu
r 

N
ac

hb
ed

in
gu

ng
ϕ 2 

ab
zu

le
ite

n 
se

in
 g

en
au

so
 w

ie
 ϕ

1
be

i n
ic

ht
zu

tr
ef

fe
nd

er
 B

ed
in

gu
ng

 B
 d

ire
kt

 z
ur

 N
ac

hb
ed

in
gu

ng
ϕ 2 

ab
zu

le
ite

n 
se

in
 m

us
s.

 D
an

n 
gi

lt 
fü

r 
di

e 
be

di
ng

te
 A

us
fü

hr
un

g 
vo

n 
α

ab
hä

ng
ig

 
vo

n 
B

{ 
ϕ 1 

} 
if

B
th

en
α

fi
{ 

ϕ 2 
}

B
ei

sp
ie

l: 
z.

Z
.: 

{0
 <

 x
 ∧

x 
<

 a
 }

 if
ev

en
(x

) 
th

en
x 

:=
x÷

2
fi

 {
 0

 ≤
x 

<
a 

}

{ 
0 

<
 x

 ∧
x 

<
 a

 ∧
ev

en
(x

) 
} 

x 
:=

x÷
2

{ 
0 

≤
x 

<a
 }

,
0 

<
 x

 ∧
x 

<
 a

 ∧
¬

ev
en

(x
) 
⇒

0 
≤

x 
<

a 

{0
 <

 x
 ∧

x 
<

 a
 }

 if
ev

en
(x

) 
th

en
x 

:=
x÷

2
fi

 {
 0

 ≤
x 

<
a 

}
gi

lt 
so

m
it 

au
ch

gi
lt 

(Z
uw

ei
su

ng
sr

eg
el

 u
nd

 
A

np
as

su
ng

 (
s.

o.
))

gi
lt

{ 
ϕ 1

∧
B

} 
α

{ 
ϕ 2 

},
  (

ϕ 1 
∧

¬
B

)
⇒

ϕ 2

{ 
ϕ 1 

} 
if

B
th

en
α

fi
{ 

ϕ 2 
}

T
ec

hn
is

ch
e 

U
ni

ve
rs

itä
t

B
ra

un
sc

hw
ei

g
5-

96

6.
 It

er
at

io
n

B
ew

ei
sr

eg
el

n
 f

. p
ar

t.
 K

o
rr

ek
th

ei
t 

(7
/7

)
5.

 A
lg

o
ri

th
m

en
ko

n
. I

5.
4 

V
er

if
ik

at
io

n

B
ed

eu
tu

ng
: 

ϕ
is

t e
in

e 
S

ch
le

ife
ni

nv
ar

ia
nt

e:
 ϕ

gi
lt 

na
ch

 α
, s

of
er

n 
ϕ

vo
rh

er
 g

ilt
 u

nd
di

e 
S

ch
le

ife
 n

oc
h 

ei
nm

al
 a

us
ge

fü
hr

t w
er

de
n 

so
ll 

(B
ed

in
gu

ng
 B

).
 

W
ird

 α
au

fg
ru

nd
 d

es
 N

ic
ht

zu
tr

ef
fe

ns
 d

er
 B

ed
in

gu
ng

 B
ni

ch
t m

eh
r 

au
sg

ef
üh

rt
 (

A
bb

ru
ch

 d
er

 It
er

at
io

n)
, m

us
s 

da
na

ch
 ϕ

∧
¬

B
ge

lte
n.

B
ei

sp
ie

l: 
z.

Z
.: 

{0
 <

 x
 }

 w
h

ile
x 

>
 1

 d
o

 x
 :=

x 
÷

2 
o

d
{ 

x 
=

 1
}

{0
 <

 x
 }

 w
h

ile
x 

> 
1 

d
o

 x
 :=

x 
÷

2 
o

d
{ 

0 
<

 x
∧

¬
x

>
 1

}

{ 
0 

<
 x

∧
x

>
 1

} 
x 

:=
x÷

2
{ 

0 
<

 x
 }

gi
lt 

so
m

it 
au

ch
 (

x=
1 

fo
lg

t m
it 

A
np

as
su

ng
)

gi
lt 

(Z
uw

ei
su

ng
sr

eg
el

 u
nd

 
A

np
as

su
ng

 (
im

pl
iz

it)
)

A
n

m
er

ku
n

g
: 

S
ch

w
ie

rig
 is

t v
or

 a
lle

m
 d

as
 F

in
de

n 
ei

ne
r 

ge
ei

gn
et

en
 

S
ch

le
ife

ni
nv

ar
ia

nt
e!

 

{ 
ϕ

∧
B

} 
α

{ 
ϕ

} 

{ 
ϕ

} 
w

h
ile

B
d

o
 α

o
d

{ 
ϕ

∧
¬

B
}



T
ec

hn
is

ch
e 

U
ni

ve
rs

itä
t

B
ra

un
sc

hw
ei

g
5-

97

A
us

 d
en

 o
bi

ge
n 

G
ru

nd
re

ge
ln

 la
ss

en
 s

ic
h 

w
ei

te
re

 a
bl

ei
te

n.
 

G
eb

rä
uc

hl
ic

h 
si

nd
 z

.B
. d

ie
 fo

lg
en

de
n:

A
b

g
el

ei
te

te
 R

eg
el

n
5.

 A
lg

o
ri

th
m

en
ko

n
. I

5.
4 

V
er

if
ik

at
io

n

A
1.

 M
eh

rf
ac

h
se

q
u

en
z

{ 
ϕ 1

} 
α 1

{ 
ϕ 2 

},
 {

 ϕ
2

} 
α 2

{ 
ϕ 3 

},
...

, {
 ϕ

n-
1

} 
α n

{ 
ϕ n

}

{ 
ϕ 1 

} 
α 1

 ;
α 2

 ;.
..;

α n
{ 

ϕ n
}

A
2.

 It
er

at
io

n
 m

it
 A

n
p

as
su

n
g

ϕ 1
⇒

ϕ 2,
 {

 ϕ
2

∧
B

} 
α

{ 
ϕ 2 

},
 (

ϕ 2 
∧

¬
B

)
⇒

ϕ 3

{ 
ϕ 1 

} 
w

h
ile

B
d

o
 α

o
d

{ 
ϕ 3

}

T
ec

hn
is

ch
e 

U
ni

ve
rs

itä
t

B
ra

un
sc

hw
ei

g
5-

98

S
ch

w
ie

ri
g

er
 P

u
n

kt
 b

ei
 d

er
 V

er
if

ik
at

io
n

 
vo

n
 It

er
at

io
n

en
 (

S
ch

le
if

en
):

m
an

 m
us

s 
ei

ne
 S

ch
le

ife
ni

nv
ar

ia
nt

e
ϕ

fin
de

n,
 

di
e 

vo
m

 In
ne

rn
 (

R
um

pf
) 

de
r 

S
ch

le
ife

 
un

ve
rä

nd
er

t g
el

as
se

n 
w

ird
, w

en
n 

di
e 

”W
ei

te
rm

ac
he

n“
-B

ed
in

gu
ng

 B
de

r 
S

ch
le

ife
 

er
fü

llt
 is

t: 
{ 

ϕ
∧

B
 }

 α
{

ϕ
}

S
ch

le
if

en
in

va
ri

an
te

 (
1/

4)
5.

 A
lg

o
ri

th
m

en
ko

n
. I

5.
4 

V
er

if
ik

at
io

n

U
m

 S
ch

le
ife

ni
nv

ar
ia

nt
en

 z
u 

ge
w

in
ne

n,
 g

ib
t e

s 
ke

in
 a

llg
em

ei
ne

s 
R

ez
ep

t. 
E

s 
hi

lft
 n

ur
: s

ch
ar

f h
in

se
he

n,
 g

en
au

 v
er

st
eh

en
, w

as
 v

or
ge

ht
, u

nd
 s

ic
h 

et
w

as
 

ei
nf

al
le

n 
la

ss
en

. U
nd

 w
en

n 
es

 n
ic

ht
 k

la
pp

t: 
et

w
as

 a
nd

er
es

 p
ro

bi
er

en
 !

It
er

at
io

n
sr

eg
el

:

{ 
ϕ

∧
B

} 
α

{ 
ϕ

} 

{ 
ϕ

} 
w

h
ile

B
d

o
 α

o
d

{ 
ϕ

∧
¬

B
}

ϕ
gi

lt 
da

nn
 v

or
 u

nd
 n

ac
h 

je
de

m
 S

ch
le

ife
nd

ur
ch

la
uf

 -
un

d 
so

m
it 

au
ch

 n
ac

h 
de

m
 

le
tz

te
n,

 d
.h

. a
m

 E
nd

e 
de

r 
S

ch
le

ife
. D

or
t g

ilt
 B

 d
an

n 
ni

ch
t m

eh
r:

 

{ 
ϕ

} 
w

h
ile

B
d

o
 α

o
d

{ 
ϕ

∧
¬

B
}

T
ec

hn
is

ch
e 

U
ni

ve
rs

itä
t

B
ra

un
sc

hw
ei

g
5-

99

B
ei

sp
ie

l I
 (

1/
2)

|-
{ 

n 
>

 0
  ∧

q
=

 0
  ∧

k
=

 1
 }

 
w

hi
le

k
≠

n+
1

do
 q

:=
q+

1;
 k

 :=
 k

+
1

od
{ 

q 
=

 n
 }

P
ro

b
le

m
:

F
in

de
n 

de
r 

S
ch

le
ife

ni
nv

ar
ia

nt
e

S
ch

le
ife

nv
ar

ia
nt

en
 g

el
te

n 
vo

r 
un

d
na

ch
 je

de
r

A
us

fü
hr

un
g 

de
s 

S
ch

le
ife

nr
um

pf
es

, 
w

en
n 

di
e 

E
in

st
ie

gs
be

di
ng

un
g 

gi
lt.

Im
 B

ei
sp

ie
l:

–
S

ch
le

ife
 a

dd
ie

rt
 p

ro
 D

ur
ch

la
uf

 1
 z

um
 W

er
t d

er
 V

ar
ia

bl
en

 q
un

d 
k

hi
nz

u
–

S
ta

rt
w

er
t v

on
 q

is
t 0

–
S

ta
rt

w
er

t v
on

 k
is

t 1
, A

bb
ru

ch
 b

ei
 k

=
n+

1 
(n

 D
ur

ch
lä

uf
e)

–
V

or
/n

ac
h 

je
de

m
 D

ur
ch

la
uf

 g
ilt

 s
om

it 
q=

k-
1,

 z
um

 S
ch

lu
ss

 q
=

n
⇒

S
ch

le
ife

ni
nv

ar
ia

nt
e 

ϕ
≡

q
=

 k
-1

 
⇒

K
om

bi
ni

er
t m

it 
¬

B
 =

 ¬
(k

≠
n+

1)
 =

  (
 k

 =
 n

+
1 

)
er

gi
bt

 s
ic

h 
{ 

q
= 

n
}

S
ch

le
if

en
in

va
ri

an
te

 (
2/

4)
5.

 A
lg

o
ri

th
m

en
ko

n
. I

5.
4 

V
er

if
ik

at
io

n

It
er

at
io

n
sr

eg
el

:

{ 
ϕ

∧
B

} 
α

{ 
ϕ

} 

{ 
ϕ

} 
w

h
ile

B
d

o
 α

o
d

{ 
ϕ

∧
¬

B
}

T
ec

hn
is

ch
e 

U
ni

ve
rs

itä
t

B
ra

un
sc

hw
ei

g
5-

10
0

B
ei

sp
ie

l I
 (

2/
2)

U
nd

 ta
ts

äc
hl

ic
h:

 ϕ
≡

q
= 

k-
1 

bl
ei

bt
 v

om
 

S
ch

le
ife

nr
um

pf
 u

nb
ee

in
dr

uc
kt

 (
bz

w
. i

st
 

in
va

ria
nt

 b
zg

l. 
de

s 
S

ch
le

ife
nr

um
pf

es
):

z.
Z

.: 
{ 

q
=

 k
-1

 ∧
k

≠
n+

1
} 

q
:=

q+
1;

 k
 :=

 k
+

1
{ 

q
=

 k
-1

 }

B
ew

ei
s:

E
s 

gi
lt:

  
{ 

q
=

 k
-1

 ∧
k

≠
n+

1
} 
⇒

{ 
q+

1 
= 

k
} 

q
:=

q+
1 

{ 
q

=
 k

 }
   

  
// 

Z
uw

ei
su

ng

S
ch

le
if

en
in

va
ri

an
te

 (
3/

4)
5.

 A
lg

o
ri

th
m

en
ko

n
. I

5.
4 

V
er

if
ik

at
io

n

It
er

at
io

n
sr

eg
el

:

{ 
ϕ

∧
B

} 
α

{ 
ϕ

} 

{ 
ϕ

} 
w

h
ile

B
d

o
 α

o
d

{ 
ϕ

∧
¬

B
}

{ 
q

=
 k

-1
 ∧

k
≠

n+
1

} 
q

:=
q+

1;
 k

 :=
 k

+
1

{ 
q

=
 k

-1
 }

{ 
q

=
 k

} 
k 

:=
 k

+
1

{ 
q 

=
 k

-1
} 

// 
A

np
as

su
ng

Z
us

am
m

en
 (

S
eq

ue
nz

re
ge

l):
 

{ 
q

=
 k

-1
 ∧

k
≠

n+
1

} 
q

:=
q+

1 
{ 

q
=

 k
 }

, {
 q

=
 k

} 
k 

:=
 k

+
1

{ 
q 

=
 k

-1
} 

{ 
q

=
 k

-1
 k

≠
n+

1
} 

q
:=

q+
1 

{ 
q

=
 k

 }
 

// 
A

np
as

su
ng

E
be

ns
o:

 {
 q

=
 k

 }
 ⇒

{ 
q+

1 
=

 k
+

1 
} 

k 
:=

 k
+

1
{ 

q+
1 

=
 k

 }
  ⇒

{ 
q 

=
 k

-1
} 

  /
/ Z

uw
ei

su
ng



T
ec

hn
is

ch
e 

U
ni

ve
rs

itä
t

B
ra

un
sc

hw
ei

g
5-

10
1

B
ei

sp
ie

l I
IS

ch
le

if
en

in
va

ri
an

te
 (

4/
4)

5.
 A

lg
o

ri
th

m
en

ko
n

. I
5.

4 
V

er
if

ik
at

io
n

It
er

at
io

n
sr

eg
el

:

{ 
ϕ

∧
B

} 
α

{ 
ϕ

} 

{ 
ϕ

} 
w

h
ile

B
d

o
 α

o
d

{ 
ϕ

∧
¬

B
}

F
in

de
n 

ei
ne

r 
ge

ei
gn

et
en

 S
ch

le
ife

ni
nv

ar
ia

nt
e:

 

–
S

ch
le

ife
 a

dd
ie

rt
 p

ro
 D

ur
ch

la
uf

1 
zu

m
 W

er
t d
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[i]

 (
d.

h.
 m
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 D
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ah
l 

de
r 
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, f
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 d
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, d
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∀
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⇒
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e 
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–
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m
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(∀
m
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≤
m

 <
 i 
⇒

x
≠
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m

] )
 ∧

(i 
≥

n 
∨

x
=
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)
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m
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(∀
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 : 

0 
≤

m
 <
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⇒

x
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m
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 ⇒
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=
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=
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

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zu
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


x

z
=

X
Y

Z
:

va
r

w
,x

,y
,z

 :
 in

t;

in
p

u
t

x;

z 
: =

0;
 w

 :=
1;

 y
 :=

1;

w
h

ile
w

 ≤
x 

d
o

z 
: =

z 
+

 1
; w

 :=
w

 +
 y

+
 2

; y
 :=

y 
+

 2
 o

d

o
u
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u

t
z

A
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z 
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w
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y 
+

 2
 o

d

{ 
z²

≤
x 

<
(z

+1
)²
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{ 
ϕ 1
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α 1

{ 
ϕ 2 

},
 {

 ϕ
2

} 
α 2

{ 
ϕ 3 

} 
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ϕ 1 
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⇒

ϕ 2

R
eg

el
T

ab
le

au
-S

ch
re

ib
w

ei
se

{ 
ϕ 1 

} 

{ 
ϕ 2 

}
A

np
as

su
ng

{ 
ϕ 1 

}
α 1

;
{ 

ϕ 2 
}

α 2
{ 

ϕ 3 
} 

S
eq

ue
nz

T
ec

hn
is

ch
e 

U
ni

ve
rs

itä
t

B
ra

un
sc

hw
ei

g
5-

10
6

B
ei

sp
ie

l X
Y
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{ 
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0 

} { 
x 

≥
0 

∧
0 

=
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 }
 

z 
:=

0;
{ 

x 
≥

0 
∧

z 
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 0
 ∧

1 
=

 1
 }

 
y 

:=
1;

{ 
x 

≥
0 

∧
z 

=
 0

 ∧
y 

=
 1

 ∧
1 

=
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 }
 

w
 :=

1;
{ 

x 
≥

0 
∧

z 
=
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 ∧
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=
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 ∧

w
 =
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{z
²

≤
x 

∧
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+
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²
=
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 ∧
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=
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x
∧
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∧
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x
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²
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∧
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+
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 ∧
2(

z+
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=
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z 
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z 
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x

∧
z²

≤
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∧
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=
 w
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+
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=
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{ 
x 

≥
0 

} 
z 

:=
0;
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w
h

ile
w

 ≤
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w
 :=
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 +
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;
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...
z 
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 +
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;
{ 

w
 ≤

x
∧
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≤
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∧
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=
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 ∧
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 =
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w

 +
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 +
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 ≤
x

+
y 

+
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 ∧
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≤
x 

∧
(z

+
1)

²
=
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 +
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 +
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 ∧
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 +
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 =
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 +
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  }

// 
(z

+
1)

²
=

 z
²+
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+
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=
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=
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+
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2
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w
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+
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;
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w
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x
+

y 
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 ∧
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≤
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∧
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+
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²
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 ∧
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 +
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 =
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}
y 
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+
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w
 ≤

x
+

y 
∧
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≤

x 
∧
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+

1)
²

=
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  ∧
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 +
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 =
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≤
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∧
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 ∧
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∧
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 ∧
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∧
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 ∧
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 ∧
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;
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