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g
b
a
re

(
ü
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h
re

n
d
...

•
E
rn

st-R
ü
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ü
b
e
r
S
y
n
t
a
x

&
S
e
m

a
n
t
ik

(
2
)

Z
a
h
ld

a
rste

llu
n
g
e
n

z
::=

0
|
1

|
2

|
...

|
9

n
::=

z
|

n
z

A
rith

m
e
tisc

h
e

A
u
sd

rü
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rü
c
k
e
,

b
∈

B
e
x
p
r

•
P
rg

d
ie

M
e
n
g
e

a
lle

r
W

H
IL

E
-P

ro
g
ra

m
m

e
,

π
∈

P
rg

K
a
p
.
1
.2

P
ro

g
ra

m
m

ie
rsp

ra
c
h
e

W
H
IL

E
1
2

Ü
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rü

c
k
e
n

K
a
p
.
1
.3

:
S
e
m

a
n
tik

v
o
n

A
u
sd

rü
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ü
b
lic

h
e

G
le

ic
h
h
e
itsre

la
tio

n
a
u
f

d
e
r

M
e
n
g
e

d
e
r

g
a
n
z
e
n

Z
a
h
le

n

b
e
z
e
ic

h
n
e
n
.

B
e
a
c
h
te

a
u
c
h

h
ie

r
d
e
n

U
n
te

rsc
h
ie

d
z
w

isc
h
e
n

d
e
n

sy
n
ta

k
tisc

h
e
n

E
n
titä
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tü

rlic
h
e

S
e
m

a
n
tik

(b
ig

ste
p
s

se
m

a
n
tic

s)

•
P
ro

g
ra

m
m

ie
re

r-
u
n
d

V
e
rifi

z
ie

re
rsic

h
t

–
A
x
io

m
a
tisc

h
e

S
e
m

a
n
tik

K
a
p
.
1
.6

S
e
m

a
n
tik

d
e
fi
n
itio

n
sstile

3
6

K
a
p
it
e
l

2
O

p
e
ra

t
io

n
e
lle

S
e
m

a
n
t
ik

v
o
n

W
H
IL

E

K
a
p
.
2

O
p
e
ra

tio
n
e
lle

S
e
m

a
n
tik

v
o
n

W
H
IL

E
3
7

K
a
p
it
e
l

2
.1

S
t
ru

k
t
u
re

ll
O

p
e
ra

t
io

n
e
lle

S
e
m

a
n
t
ik

K
a
p
.
2
.1

S
tru

k
tu

re
ll

O
p
e
ra

tio
n
e
lle

S
e
m

a
n
tik

3
8

L
it
e
ra

t
u
rh

in
w
e
is
e

•
G

o
rd

o
n

D
.
P
lo

tk
in

.
A

S
tru

c
tu

ra
l
A
p
p
ro

a
c
h

to
O

p
e
ra

tio
n
a
l

S
e
m

a
n
tic

s.
J
o
u
rn

a
l
o
f

L
o
g
ic

a
n
d

A
lg

e
b
ra

ic
P
ro

g
ra

m
m

in
g

6
0
-6

1
,
1
7

-
1
3
9
,
2
0
0
4
.

•
G

o
rd

o
n

D
.

P
lo

tk
in

.
A
n

O
p
e
ra

tio
n
a
l

S
e
m

a
n
tic

s
fo

r
C
S
P
.

In
P
ro

c
e
e
d
in

g
s

o
f

T
C
-2

W
o
rk

in
g

C
o
n
fe

re
n
c
e

o
n

F
o
rm

a
l

D
e
sc

rip
tio

n
o
f
P
ro

g
ra

m
m

in
g

C
o
n
c
e
p
ts

II,
E
lse

v
ie

r,
1
9
8
2
.

K
a
p
.
2
.1

S
tru

k
tu

re
ll

O
p
e
ra

tio
n
e
lle

S
e
m

a
n
tik

3
9



...i.S
.v

.
G

o
rd

o
n

D
.
P
lo

tk
in

.

•
D

ie
S
O

-S
e
m

a
n
tik

v
o
n

W
H
IL

E
ist

g
e
g
e
b
e
n

d
u
rc

h
e
in

F
u
n
k
-

tio
n
a
l:

[[
.
]]so

s
:
P
rg

→
(Σ

→
Σ

ε )

d
a
s

in
d
e
r

F
o
lg

e
v
o
n

u
n
s

z
u

d
e
fi
n
ie

re
n

ist...

D
a
b
e
i
g
ilt:

•
Σ

ε =
df

Σ
∪
{
er

r
o
r}

,
w
o
b
e
i

er
r
o
r

e
in

e
n

sp
e
z
ie

lle
n

F
e
h
le

rz
u
-

sta
n
d

b
e
z
e
ic

h
n
e
t,

er
r
o
r
6∈

Σ
.

K
a
p
.
2
.1

S
tru

k
tu

re
ll

O
p
e
ra

tio
n
e
lle

S
e
m

a
n
tik

4
0

S
t
ru

k
t
u
re

ll
o
p
e
ra

t
io

n
e
lle

S
e
m

a
n
t
ik

In
tu

itiv
:

•
D

ie
S
O

-S
e
m

a
n
tik

b
e
sc

h
re

ib
t
d
e
n

B
e
re

c
h
n
u
n
g
sv

o
rg

a
n
g

v
o
n

P
ro

g
ra

m
m

e
n

π
∈

P
rg

a
ls

F
o
lg

e
e
le

m
e
n
ta

re
r

S
p
e
ic

h
e
rz

u
-

sta
n
d
sü
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<
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<
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−
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rä

m
isse

d
ie

se
r
R
e
g
e
l

g
ilt

(In
d
u
k
tio

n
sh

y
p
o
th

e
se

!),
A

a
u
c
h

fü
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ö
g
lic

h
:

–
γ

v
o
n

d
e
r
F
o
rm

〈π
′,σ

′〉:
A
b
a
rb

e
itu

n
g

v
o
n

π
n
ic

h
t

v
o
llstä
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fü

h
rt

w
ird

•
D

e
n
o
ta

tio
n
e
lle

S
e
m

a
n
tik

...d
e
r

F
o
k
u
s

lie
g
t

a
u
f

d
e
m

E
ff
e
k
t,

d
e
n

d
ie

A
u
sfü
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ä
t
!

In
tu

itiv
:

•
F
ü
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ö
tig

te
n

R
e
su

lta
te

(F
ix

p
u
n
k
tsa

tz
)

K
a
p
.
3
.1

F
ix

p
u
n
k
tfu

n
k
tio

n
a
l

8
9

F
o
lg

e
n
d
e

d
re

i
A
rg

u
m

e
n
t
e
...

...w
e
rd

e
n

d
a
fü
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ä
n
d
e

1
0
0

M
e
n
g
e
n

u
n
d

R
e
la

t
io

n
e
n

1
(
2
)

S
e
i
M

e
in

e
M

e
n
g
e

u
n
d

R
e
in

e
R
e
la

tio
n

a
u
f

M
,
d
.h

.
R

⊆
M

×
M

.

D
a
n
n

h
e
iß

t
R
...

•
re

fl
e
x
iv

g
d
w

.
∀

m
∈

M
.

m
R

m

•
tra

n
sitiv

g
d
w

.
∀

m
,n

,p
∈

M
.

m
R

n
∧

n
R

p
⇒

m
R

p

•
a
n
tisy

m
m

e
trisc

h
g
d
w

.
∀

m
,n

∈
M

.
m

R
n

∧
n

R
m

⇒
m

=
n

D
a
rü
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ä
n
d
e

1
1
0

(
S
t
a
n
d
a
rd

-)
C
P
O

-K
o
n
s
t
ru

k
t
io

n
e
n

3
(
4
)

S
u
m

m
e
n
k
o
n
stru

k
tio

n
...

S
e
ie

n
(P

1
,⊑

1
),(P

2
,⊑

2
),...,(P

n
,⊑

n
)

C
P
O

s.
D

a
n
n

ist
a
u
c
h
...

•
d
ie

d
ire

k
te

S
u
m

m
e

(
⊕

P
i ,⊑

)
m

it...

–
(
⊕

P
i ,⊑

)
=

(P
1
·∪
P
2

·∪
...

·∪
P

n
,⊑

)
d
isju

n
k
te

V
e
re

in
i-

g
u
n
g

d
e
r

P
i ,

i
∈

{
1
,...,n

}
u
n
d

∀
p
,q

∈
⊕

P
i .

p
⊑

q
⇒

∃
i
∈

{
1
,...,n

}
.

p
,q

∈
P

i
∧

p
⊑

i
q

u
n
d

d
e
r

Id
e
n
tifi

k
a
-

tio
n

d
e
r

k
le

in
ste

n
E
le

m
e
n
te

d
e
r

(P
i ,⊑

i ),
i
∈

{
1
,...,n

}
,

d
.h

.
⊥
=

df
⊥

i ,
i
∈

{
1
,...,n

}

e
in

e
C
P
O

.

K
a
p
.
3
.2

M
e
n
g
e
n
,
R
e
la

tio
n
e
n
,
O

rd
n
u
n
g
e
n

u
n
d

V
e
rb

ä
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ä
n
d
e

1
2
1

B
e
d
in

g
t
e

F
ix
p
u
n
k
t
e

T
h
e
o
re

m
3
.2

.2
(E

n
d
lic

h
e

F
ix

p
u
n
k
te

)

S
e
i
(C

,⊑
)

e
in

e
C
P
O

,
se

i
f

:
C

→
C

e
in

e
ste

tig
e
,

in
fl
a
tio

n
ä
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fü
r

m
o
n
o
to

n
e
s

g
ü
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llt.

K
a
p
.
4
.1

P
a
rtie

lle
u
n
d

to
ta

le
K

o
rre

k
th

e
it

1
2
8

D
e
fi
n
it
io

n
t
o
t
a
le

r
K

o
rre

k
t
h
e
it

S
e
i

π
∈

P
rg

e
in

W
H
IL

E
-P

ro
g
ra

m
m

:

E
in

e
H
o
a
re

sc
h
e

Z
u
sic

h
e
ru

n
g

[p
]

π
[q

]
h
e
iß

t

•
g
ü
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fü

r
je

d
e
n

A
n
fa

n
g
sz

u
sta

n
d

σ
g
ilt:

ist
d
ie

V
o
r-

b
e
d
in

g
u
n
g

p
in

σ
e
rfü
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lä

r

g
d
w

.
π

n
a
c
h

e
n
d
lic

h
v
ie

le
n

S
c
h
ritte

n
in

e
in

e
m

Z
u
sta

n
d

σ
′
∈

Σ
e
n
d
e
t.

•
a
n
g
e
se

tz
t

a
u
f
e
in

e
n

A
n
fa

n
g
sz

u
sta

n
d

σ
te

rm
in

ie
rt

irre
g
u
lä

r

g
d
w

.
π

n
a
c
h

e
n
d
lic

h
v
ie

le
n

S
c
h
ritte

n
z
u
r

K
o
n
fi
g
u
ra

tio
n

u
n
d
ef

fü
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fü

r
k
e
i-

n
e
n

A
n
fa

n
g
sz

u
sta

n
d

re
g
u
lä
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ä
c
h
ste

V
o
rb

e
d
in

g
u
n
g
e
n

K
a
p
.
4
.1

P
a
rtie

lle
u
n
d

to
ta

le
K

o
rre

k
th

e
it

1
3
6

d
in

g
u
n
g
e
n

(
1
)

In
d
e
r

S
itu

a
tio

n
d
e
r

v
o
rig

e
n

A
b
b
ild

u
n
g
e
n

g
ilt:

•
[[

π
]](C

h
(p

))
h
e
iß

t
stä
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ä
c
h
e
r

a
ls

B
,
w
e
n
n

g
ilt:

B
⇒

A

•
A

i
h
e
iß

t
sc

h
w

ä
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ü
b
e
r

d
e
r
V
a
ria

b
le

n
v
,

•
t
T
e
rm

,

•
w

V
a
ria

b
le

,
d
ie

in
I
,

b,
π

u
n
d

t
n
ic

h
t

fre
i
v
o
rk

o
m

m
t,

•
M

=
df

{
σ
(v

)
|σ

∈
Σ

∧
[[

u
]]B

(σ
)
=

t
t
}

n
o
e
th

e
rsc

h
g
e
o
rd

n
e
te

M
e
n
g
e

(so
g
.
n
o
e
th

e
rsc

h
e

H
a
lb

o
rd

n
u
n
g
).

;
T
e
rm

in
a
tio

n
so

rd
n
u
n
g
!

K
a
p
.
4
.3

B
e
w
e
isk

a
lk

ü
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fü

r
a
b
o
rt?

K
a
p
.
4
.3

B
e
w
e
isk

a
lk

ü
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fü

r
to

ta
le

K
o
rre

k
th

e
it

1
5
6

Z
u
r
K

o
n
s
e
q
u
e
n
z
re

g
e
l
(
2
)

V
e
ra

n
sc

h
a
u
lic

h
u
n
g

v
o
n

V
e
rstä
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tsb
e
re

c
h
n
u
n
g

in
d
ie

se
m

B
sp

.!)

H
K

T
K

v
e
rs

u
s

H
K

P
K

B
e
a
c
h
te

:

H
K

T
K

u
n
d

H
K

P
K

sin
d

b
is

a
u
f
d
ie

S
c
h
le

ife
n
re

g
e
l
(u

n
d

d
ie

R
e
g
e
l

fü
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n
d
ig

k
e
it

1
7
2

K
o
rre

k
t
h
e
it

u
n
d

V
o
lls

t
ä
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ü
sse

n
w

ir
u
n
te

rsc
h
e
id

e
n

z
w

isc
h
e
n

V
o
llstä
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ä
t
z
e

•
E
x
te

n
sio

n
a
l

;
V
o
r-

u
n
d

N
a
c
h
b
e
d
in

g
u
n
g
e
n

sin
d

d
u
rc

h
P
rä
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c
k
e

in
d
e
r

z
u
g
ru

n
d
e
lie

g
e
n
d
e
n

T
h
e
o
rie

:
{
a

>
0
}

⇓
[c

o
n
s]

{
1
∗

a
!
=

a
!
∧

a
>

0
}

x
:=

a
;
[a

ss]

{
1
∗

x
!
=

a
!
∧

x
>

0
}

y
:=

1
;
[a

ss]

{
y
∗

x
!
=

a
!
∧

x
>

0
}

w
h
ile

x
>

1
d
o

{
y
∗

x
!
=

a
!
∧

x
>

0
∧

x
>

1
}

⇓
[c

o
n
s]

{
(y

∗
x
)
∗
(x

−
1
)
!
=

a
!
∧

x
−

1
>

0
}

y
:=

y
∗

x
;
[a

ss]

{
y
∗
(x

−
1
)
!
=

a
!
∧

x
−

1
>

0
}

x
:=

x
−

1
;
[a

ss]

{
y
∗

x
!
=

a
!
∧

x
>

0
}

o
d

[w
h
ile

]

{
y
∗

x
!
=

a
!
∧

x
>

0
∧

¬
(x

>
1
)}

⇓
[c

o
n
s]

{
y

=
a
!}

Ü
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rü
c
k
e

(in
Z
e
ite

in
h
e
ite

n
e
in

e
r

a
b
stra

k
te

n
M

a
sc

h
i-

n
e
).

K
a
p
.
5

W
o
rst-C

a
se

E
x
e
c
u
tio

n
T

im
e

A
n
a
ly

se
2
3
4

S
e
m

a
n
t
ik

z
u
r
A
u
s
fü
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tü

rlic
h
e
n

S
e
m

a
n
tik

v
o
n

W
H
IL

E

z
u
r

B
e
stim

m
u
n
g

d
e
r

A
u
sfü
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h
ru

n
g
sz

e
it

ist
in

O
(e

).

K
a
p
.
5

W
o
rst-C

a
se

E
x
e
c
u
tio

n
T

im
e

A
n
a
ly

se
2
4
6

A
x
io

m
a
t
is
c
h
e

S
e
m

a
n
t
ik

z
u
m

A
u
s
fü
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Ĉ
=

(C
,⊓

,⊔
,⊑

,⊥
,⊤

)

2
.

E
in

D
a
te

n
fl
u
ssa

n
a
ly

se
fu

n
k
tio

n
a
l
[[

]]
:
E

→
(C

→
C
)

3
.

A
n
fa

n
g
sin

fo
rm

a
tio

n
/
-z

u
sic

h
e
ru

n
g

c
s
∈

C

•
G

lo
b
a
lisie

ru
n
g
sstra

te
g
ie

n

1
.

“
M

e
e
t

o
v
e
r
a
ll

P
a
th

s”
-A

n
sa

tz
(M

O
P

)

2
.

M
a
x
im

a
le

r
F
ix

p
u
n
k
ta

n
sa

tz
(M

a
xF

P
)

•
G

e
n
e
risc

h
e
r

F
ix

p
u
n
k
ta

lg
o
rith

m
u
s

K
a
p
.
6
.1

H
in

te
rg

ru
n
d

u
n
d

M
o
tiv

a
tio

n
2
5
7

A
u
s
b
lic

k

H
a
u
p
tre

su
lta

te
:

•
S
ic

h
e
rh

e
its-

(K
o
rre

k
th

e
its-)

T
h
e
o
re

m

•
K

o
in

z
id

e
n
z
-

(V
o
llstä
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ä
n
d
ig

k
e
it

(
u
n
d

K
o
rre

k
t
h
e
it
)
:

K
o
-

in
z
id

e
n
z
t
h
e
o
re

m

T
h
e
o
re

m
[K

o
in

z
id

e
n
z

(C
o
in

c
id

e
n
c
e
)]

D
ie

M
a
xF

P
-so

lu
tio

n
stim

m
t
m

it
d
e
r

M
O
P
-L

ö
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t

v
o
n

D
a
te

n
fl
u
ssa

n
a
ly

se
fu

n
k
-

tio
n
a
le

n

K
a
p
.
6
.5

K
o
in

z
id

e
n
z
-
u
n
d

S
ic

h
e
rh

e
itsth

e
o
re

m
2
8
7



D
e
fi
n
it
io

n
[A

b
-/

a
u
fste

ig
e
n
d
e

K
e
tte

n
b
e
d
in

g
u
n
g
]

E
in

V
e
rb

a
n
d

Ĉ
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ä
r

w
ird

,
d
.h

.
fü
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t]

S
e
i
Ĉ
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ü
t
z
lic

h

...ist
fo

lg
e
n
d
e

ä
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lö
c
k
e

v
s.

E
in

z
e
la

n
w
e
isu

n
g
e
n

3
0
4

In
d
e
r
F
o
lg

e

...z
u
m

E
in

fl
u
ss

d
e
r

R
e
p
rä
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ä
lt

e
in

e
A
n
w
e
isu

n
g

ι,
d
ie

t

b
e
re

c
h
n
e
t,

u
n
d

w
e
d
e
r

ι
n
o
c
h

e
in

e
a
n
d
e
re

A
n
w
e
isu

n
g

v
o
n

β
n
a
c
h

ι
m

o
d
ifi

z
ie

rt
e
in

e
n

O
p
e
ra

n
d
e
n

v
o
n

t.

•
B
B
-T

R
A
N
S
P

β
(t):

β
e
n
th

ä
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ü
c
k
w
ä
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lö
c
k
e

v
s.

E
in

z
e
la

n
w
e
isu

n
g
e
n

3
3
7

F
ü
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t/
-o

p
tim

a
litä
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ü
tz

lic
h
e

B
e
g
riff

e
u
n
d

B
e
z
e
ic

h
n
u
n
g
e
n

3
5
9



V
e
re

in
b
a
ru

n
g

O
h
n
e

B
e
sc

h
rä
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ü
n
stlic

h
e
m

(sy
n
th

e
tic

)

K
n
o
te

n
,
d
e
r
d
ie

k
ritisc

h
e

K
a
n
te

v
o
n

K
n
o
te

n
2

n
a
c
h

3
sp

a
lte

t.

x :=
 a+

b

b)
a)

h
:=

 a+
b

:=
 a+

b
h

y :=
 a+

b
h

y :=

x :=
h

1
2

3

1

3

2

2,3
S

K
a
p
.
7
.4

.1
N
ü
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lä

ssig
e

C
M

-T
ra

n
sfo

rm
a
tio

n
C

M
∈

CM
A
d
m

h
e
iß

t
b
e
re

c
h
-

n
u
n
g
so

p
tim

a
l

g
d
w

C
M

ist
b
e
re

c
h
n
u
n
g
sb

e
sse

r
a
ls

je
d
e

a
n
d
e
re

z
u
lä
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rü
c
k
e
n

z
u

ih
re

n
frü
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rö

ß
e
re

s
B
e
is
p
ie

l
z
u
r
Illu

s
t
ra

t
io

n
(
2
)

D
a
s

R
e
su

lta
t

d
e
r

B
C
M

-T
ra

n
sfo

rm
a
tio

n
...

3

15

16

9 5

7

8

10
11

12
13

14

6

4h
y :=

 

z :=
 h 1

a :=
 c

2

h
:=

 a+
b

h
y :=

 

h
:=

 a+
b

17

18

x :=
 h

h
x :=

 

K
a
p
.
7
.4

.4
E
in

g
rö
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rö

ß
e
re

s
B
e
isp

ie
l

4
2
2

E
in

g
rö
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rä

p
ro

z
e
ss

b
e
se

itig
t

sin
d
.

K
a
p
.
7
.4

.5
Im

p
le

m
e
n
tie

ru
n
g
sp

ra
g
m

a
tik

4
3
2

t-v
e
rfe

in
e
rte

F
lu

ssg
ra

p
h
e
n
...

B
e
z
ü
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ä
lt

e
in

e
A
n
w
e
isu

n
g

ι,
d
ie

t
b
e
re

c
h
n
e
t,

u
n
d

w
e
d
e
r

ι
n
o
c
h

irg
e
n
d
e
in

e
a
n
d
e
re

A
n
w
e
isu

n
g

v
o
n

β
n
a
c
h

ι
m

o
d
ifi

z
ie

rt
e
in

e
n

O
p
e
ra

n
d
e
n

v
o
n

t.

•
B
B
-T

R
A
N
S
P

β
(t):

β
e
n
th

ä
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ä
rtssic

h
e
rh

e
it

a
u
s

S
c
h
ritt

1
.

K
a
p
.
7
.4

.5
Im

p
le

m
e
n
tie

ru
n
g
sp

ra
g
m

a
tik

4
3
8

B
u
s
y

C
o
d
e

M
o
t
io

n
(
B
B
-5

)

N
-IN

S
E
R
T

B
C
M

β
=

df
B
B
-N

-D
S
A
F
E

⋆β
·

∏

β̂
∈

p
r
ed

(β
) (
B
B
-X

-U
S
A
F
E

⋆β̂
+

B
B
-X

-D
S
A
F
E

⋆β̂
)

X
-IN

S
E
R
T

B
C
M

β
=

df
B
B
-X

-D
S
A
F
E

⋆β
·
B
B
-T

R
A
N
S
P

β

N
-R

E
P
L
A
C
E

B
C
M

β
=

df
B
B
-N

C
O

M
P

β

X
-R

E
P
L
A
C
E

B
C
M

β
=

df
B
B
-X

C
O

M
P

β

K
a
p
.
7
.4

.5
Im

p
le

m
e
n
tie

ru
n
g
sp

ra
g
m

a
tik

4
3
9



D
ie

G
le

ic
h
u
n
g
s
s
y
s
t
e
m

e
fü
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ü
r

e
in

g
e
b
e
tte

te
S
y
ste

m
e
...

...C
o
d
e
g
rö
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fü
r

e
in

g
e
b
e
t
t
e
t
e

S
y
s
t
e
m

e
(
F
o
rt

-
s
e
t
z
u
n
g
)

A
n
fo

rd
e
ru

n
g
e
n

(u
n
d

w
ie

sie
h
ä
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ü
b
e
r

ih
re

n
E
in

fl
u
ss

a
u
f
d
ie

C
o
d
e
g
rö
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ö
s
u
n
g
:
E
in

e
n
e
u
e

S
ic
h
t

a
u
f
P
R
E

...b
e
tra

c
h
te

P
R
E

a
ls

e
in

A
u
sta

u
sc

h
p
ro

b
le

m
:

A
u
sta

u
sc

h
e
n

d
e
r

u
r-

sp
rü
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ü
lle

n

F
ü
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h
e
s
t
e
n

R
a
n
d
”

v
o
n

D
o
w
n
S
a
fe

ty
-R

e
g
io

n
e
n
.

}C
om

p

U
pSafe

T
ransp

R
D

ow
nSafe/U

pSafe

E
arliestF

rontierR

...c
h
a
ra

k
te

risie
rt

e
rstm

a
ls

a
lle

se
m

a
n
tik

e
rh

a
lte

n
d
e
n

P
R
E
-T

ra
n
sfo

rm
a
-

tio
n
e
n
.

K
a
p
.
7
.4

.6
S
p
a
rse

C
o
d
e

M
o
tio

n
4
9
8

D
ie

S
c
h
lü
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t:

1
.

W
o

In
itia

lisie
ru

n
g
e
n

v
o
rn

e
h
m

e
n
,
w
a
ru

m
ist

e
s

k
o
rre

k
t?

2
.

W
ie

ist
d
e
r

E
ff
e
k
t

a
u
f
d
ie

C
o
d
e
g
rö
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rü

c
k

–
M

o
re

l,
E
.
a
n
d

R
e
n
v
o
ise

,
C
.
G

lo
b
a
l
O

p
tim

iz
a
tio

n
b
y

S
u
p
p
re

ssio
n

o
f

P
a
rtia

l
R
e
d
u
n
d
a
n
c
ie

s.
C
A
C
M

2
2

(
2
)
,
9
6

-
1
0
3
,
1
9
7
9
.

–
E
rsh

o
v
,
A
.
P
.
O

n
P
ro

g
ra

m
m

in
g

o
f
A
rith

m
e
tic

O
p
e
ra

tio
n
s.

C
A
C
M

1
(
8
)
,
3

-
6
,
1
9
5
8
.

K
a
p
.
7
.4

.6
S
p
a
rse

C
o
d
e

M
o
tio

n
5
1
7

K
a
p
.
7
.5

O
p
t
im

a
lit

ä
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ä
n
o
m

e
n
e

5
3
1

P
R
A
E
/
P
D

C
E

–
O

p
t
im

a
lit

ä
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fü
h
rt

h
ie

r

z
u

e
in

e
m

im
w
e
se

n
tlic

h
e
n

se
q
u
e
n
tie

lle
n

P
ro

g
ra

m
m

!

K
a
p
.
7
.5

O
p
tim

a
litä
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fü

r
“
E
lim

in
a
t
io

n
-

E
lim

in
a
t
io

n
”
-E

ff
e
k
t
e

12

3
4

56

y :=
 a+

b

out(x*y)

a :=
 

y :=
 c+

d

12

3
4

56
out(x*y)

y :=
 c+

d

a)
b)

K
a
p
.
7
.5

P
a
rtia

l
D

e
a
d
-C

o
d
e

u
n
d

F
a
in

t
C
o
d
e

E
lim

in
a
tio

n
5
5
1



12
a :=

 c+
d

x :=
 a+

b
3

4

5
6

7

9

8
out(x)

c :=
 y-e

out(c)

x :=
 c+

1

K
a
p
.
7
.5

P
a
rtia

l
D

e
a
d
-C

o
d
e

u
n
d

F
a
in

t
C
o
d
e

E
lim

in
a
tio

n
5
5
2

4

5
6

7
out(c)

c :=
 y-e

x :=
 c+

1

c :=
 y-e

8

5,8
S

6,8
S

x :=
 a+

b
a :=

 c+
d

out(x)

9 2
3

1

K
a
p
.
7
.5

P
a
rtia

l
D

e
a
d
-C

o
d
e

u
n
d

F
a
in

t
C
o
d
e

E
lim

in
a
tio

n
5
5
3

A
u
c
h

fü
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fü
r

d
ie

•
E
lim

in
a
tio

n
p
a
rtie

ll
to

te
r
A
n
w
e
isu

n
g
e
n

u
n
d

•
E
lim

in
a
tio

n
p
a
rtie

ll
g
e
iste

rh
a
fte

r
A
n
w
e
isu

n
g
e
n

K
a
p
.
7
.5

P
a
rtia

l
D

e
a
d
-C

o
d
e

u
n
d

F
a
in

t
C
o
d
e

E
lim

in
a
tio

n
5
7
0

P
D

C
E
/
P
D

F
E
:
H
a
u
p
t
re

s
u
lt
a
t
e

(
2
)

B
e
z
e
ic

h
n
e
n

•
G

pd
ce

u
n
d

•
G

p
fce

d
ie

a
u
s

G
d
u
rc

h
p
d
c
e

u
n
d

p
fc

e
re

su
ltie

re
n
d
e
n

P
ro

g
ra

m
m

e
,
so

-
w

ie•
G

P
D

C
E

u
n
d

•
G

P
F

C
E

d
ie

v
o
n

d
e
n

E
le

m
e
n
ta

rtra
n
sfo

rm
a
tio

n
v
o
n

p
d
c
e

u
n
d

p
fc

e
a
u
f-

g
e
sp

a
n
n
te

n
U
n
iv

e
rse

n
fü
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ü
th

in
g
,
O

.,
a
n
d

S
te

ff
e
n
,
B
.
P
a
rtia

l
d
e
a
d

c
o
d
e

e
lim

in
a
-

tio
n
.
In

P
ro

c
e
e
d
in

g
s

o
f
th

e
A
C
M

S
IG

P
L
A
N
’9

4
C
o
n
fe

re
n
c
e

o
n

P
ro

-
g
ra

m
m

in
g

L
a
n
g
u
a
g
e

D
e
sig

n
a
n
d

Im
p
le

m
e
n
ta

tio
n

(
P
L
D

I’9
4
)

(
O

r-
la

n
d
o
,
F
L
,
U
S
A
,
J
u
n
e

2
0

-
2
4
,
1
9
9
4
)
,
A
C
M

S
IG

P
L
A
N

N
o
tic

e
s

2
9
,

6
(
1
9
9
4
)
,
1
4
7

-
1
5
8
.

•
E
lim

in
a
tio

n
p
a
rtie

ll
re

d
u
n
d
a
n
te

r
A
n
w
e
isu

n
g
e
n

–
K

n
o
o
p
,
J
.,

R
ü
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ö
p
fe

n
d
e

v
s
.
a
n
fo

rd
e
ru

n
g
s
g
e
t
rie

b
e
-

n
e

D
F
A

(
3
)

(
)

(
)

B
N

-M
axFP

Formally answers

Form
ally

 answ
ers

E
x
h

a
u

s
tiv

e

P
ro

g
ra

m
 A

n
a
ly

s
is

R
-JO

P
M

O
P

R
-M

inFP

E
arly T

erm
ination)

D
D

-R
-M

inFP

E
x
h

a
u

s
tiv

e
P
a

r
tia

l

M
axFP

P
a

r
tia

l
(B

y-need &
 on-the-fly +

E
arly T

erm
ination)

W
e
a

k
e
s
t P

r
e
-c

o
n

d
itio

n
 P

r
o
b
le

m

T
h

e
 S

ta
n

d
a

rd
 V

ie
w

T
h

e
 D

u
a

l V
ie

w

(D
em

and-driven &
 on-the-fly +

P
r
e
-p

r
o
c
e
s
s

O
n
-th

e
-fly

P
r
e
-p

r
o
c
e
s
s

O
n
-th

e
-fly

S
tr

o
n

g
e
s
t P

o
s
t-c

o
n

d
itio

n
 P

r
o
b
le

m

K
a
p
.
9
.3

R
D

F
A
-A

n
w
e
n
d
u
n
g
e
n

6
3
7

E
in

e
a
n
d
e
re

S
ic
h
t

(
1
)

IP
/M

axF
P

("exhaustive")

D
F

A
D

F
A

V
IP

/M
axF

P

("dem
and-driven")

Im
plem

entation
V

erification
Specification

P
rofile

P
rofile

P
rofile

C
lassification of D

F
A

 T
echniques

P
rofile-O

riented
C

oarse G
rainedD

F
A

("dem
and-driven")

D
F

A
("exhaustive")

V
SP

/R
-M

inF
P

SP
/R

-M
inF

P

K
a
p
.
9
.3

R
D

F
A
-A

n
w
e
n
d
u
n
g
e
n

6
3
8

E
in

e
a
n
d
e
re

S
ic
h
t

(
2
)

IP
/M

axF
P

("exhaustive")

D
F

A
D

F
A

SP
/R

M
inF

P

("exhaustive")

D
F

A
V

SP
/R

M
inF

P

("dem
and-driven")

D
F

A
V

IP
/M

axF
P

("dem
and-driven")

Im
plem

entation
V

erification
Specification

P
rofile

P
rofile

P
rofile

C
lassification of D

F
A

 T
echniques

P
rofile-O

riented
C

oarse G
rained

K
a
p
.
9
.3

R
D

F
A
-A

n
w
e
n
d
u
n
g
e
n

6
3
9



...
...

...

...

...

...

...

...
...

...

...

...
...

...

...

...

...

...

Im
plem

entation
P

roblem
Specification

P
roblem

P
roblem

V
erification

sci
: S

trongest C
om

ponent
Inform

ation

: W
eakest C

ontext
w

ci
Inform

ation
cpi

: C
om

ponent Inform
ation

e

se

...

...

...

...

...

...

...

...

...

s

e

se

...

...

...

...

...

...

...

...

...

...

...

s

?

e

se

...

...

...

...

...

...

...

...

...

!?

?!

!!

!

!

!

!
cpi

cpi

cpi

cpi

: C
ontext Inform

ation
cti

s

cti
!

s

cti
!

w
ci

?

w
ci

?

cpi
: C

om
ponent Inform

ation

cti

s

cti
!

s

cti
!

m
eans

given
and

sought, respectively.

sci
?

sci
?

...

... w
here

"!"
and

"?"

: C
ontext Inform

ation

P
rofile-D

riven
P

roblem
 C

lassification

K
a
p
.
9
.3

R
D

F
A
-A

n
w
e
n
d
u
n
g
e
n

6
4
0

(
1
)

Im
plem

entation
P

roblem

D
F

A
D

em
and-D

riven
D

F
A

D
em

and-D
riven

E
xhaustive

"D
D

-M
axF

P
"

"X
-R

M
inF

P
"

"X
-M

axF
P

"

D
em

and-D
riven

E
xhaustive

E
xhaustiveSpecification

P
roblem

V
erification
P

roblem "D
D

-R
M

inF
P

"
D

F
A

D
F

A
D

F
A

D
F

A

C
lassification of D

F
A

 T
echniques

-A
pproach

IP
-A

pproach
SP

-A
pproach

V
IP

V
SP

-A
pproach

C
onventional-Style

K
a
p
.
9
.3

R
D

F
A
-A

n
w
e
n
d
u
n
g
e
n

6
4
1

Z
u
m

A
b
s
c
h
lu

s
s
:
P
ro

b
le

m
o
rie

n
t
ie

rt
(
2
)

"X
-M

axF
P

"
"D

D
-M

axF
P

"
"X

-R
M

inF
P

"

("dem
and-driven")

("exhaustive")
("exhaustive")

("dem
and-driven")

V
IP

V
SP

SP
D

F
A

D
F

A
D

F
A

"D
D

-R
M

inF
P

"
D

F
A

Im
plem

entation
P

roblem
V

erification
P

roblem
Specification

P
roblem

C
lassification of D

F
A

 T
echniques

D
F

A
D

F
A

P
rofile-O

riented
C

oarse G
rained

IP
-A

pproach
-A

pproach
-A

pproach
-A

pproach

IP
SP

-O
riented

-O
riented

K
a
p
.
9
.3

R
D

F
A
-A

n
w
e
n
d
u
n
g
e
n

6
4
2

H
o
t
-S

p
o
t

P
ro

g
ra

m
O

p
t
im

iz
a
t
io

n

...in
g
rö
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