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fü
h
re

n
z
u

e
in

e
r

u
n
-

e
rw

ü
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rä

-
u
n
d

P
o
stp

ro
z
e
sse

n
::

...
i.a

.
e
rfo

rd
e
rlic

h
,
u
m

d
ie

h
ie

ra
rc

h
ie

in
d
u
z
ie

rte
n

Z
u
sa

tz
p
ro

b
le

m
e

z
u

b
e
h
a
n
d
e
ln

(
z
.B

.
b
e
i
d
e
a
d

c
o
d
e

e
lim

in
a
tio

n
,
c
o
n
sta

n
t

p
ro

p
a
g
a
tio

n
,
...)

;
o
d
e
r

“
tric

k
b
e
h
a
fte

te
”

F
o
rm

u
-

lie
ru

n
g
e
n

n
ö
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ö
s
u
n
g
:

∀
c
s
∈
C

∀
n
∈

N
.

M
O
P
(
[[

]]ι ,c
s ) (n

)=
df ⊓

{
[[

p
]]ι (c

s )
|p

∈
P

G
[s,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
)

/
7
.
T
e
il

(
2
6
.1

1
.2

0
0
7
)

4

M
a
xF

P
-A

n
s
a
t
z

(
E
in

z
e
la

n
w
e
is
u
n
g
e
n
)

...
fü
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ö
s
u
n
g
:
(
A
n
w
e
is
u
n
g
s
e
b
e
n
e
)

∀
c
s
∈
C
∀

n
∈

N
.

M
a
xF

P
(
[[

]]ι ,c
s ) (n

)
=

df

(
N

-M
F
P
(
[[

]]ι ,c
s ) (n

),
X

-M
F
P
(
[[

]]ι ,c
s ) (n

)
)

m
it

N
-M

F
P
(
[[

]]ι ,c
s ) (n

)=
df

p
re

ιc
s (n

)
u
n
d

X
-M

F
P
(
[[

]]ι ,c
s ) (n

)=
df

p
o
st ιc

s (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
)

/
7
.
T
e
il

(
2
6
.1

1
.2

0
0
7
)

1
3

M
a
xF

P
-A

n
s
a
t
z

(
B
a
s
is
b
lö

c
k
e
)

(
4
)

...w
o
b
e
i

p
re

ιc
s

u
n
d

p
o
st ιc

s
d
ie

g
rö
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rä

d
ik

a
te

:
(a

sso
z
iie

rt
m

it
K

n
o
te

n
)

•
C
O

M
P

ι (t):
ι

b
e
re

c
h
n
e
t

t.

•
T

R
A
N
S
P

ι (t):
ι

m
o
d
ifi

z
ie

rt
k
e
in

e
n

O
p
e
ra

n
d
e
n

v
o
n

t.

D
a
s

G
le

ic
h
u
n
g
ssy

ste
m

:

N
-A

V
A
IL

ι
=



fa
lse

fa
lls

ι
=

s
∏

ι̂∈
p
r
ed

(ι)
X
-A

V
A
IL

ι̂
so

n
st

X
-A

V
A
IL

ι
=

(N
-A

V
A
IL

ι
+

C
O

M
P

ι )
·
T

R
A
N
S
P

ι

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
)

/
7
.
T
e
il

(
2
6
.1

1
.2

0
0
7
)

1
8

V
e
rfü
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r

k
a
n
te

n
b
e
n
a
n
n
te

E
A
-G

ra
p
h
e
n
:

L
o
k
a
le

P
rä
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rü
c
k
e
n

a
n

“
frü
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rü

h
e
s
t
h
e
it
le

m
m

a

S
e
i

n
∈

N
.
D

a
n
n

g
ilt:

1
.

S
a
fe

(n
)
⇒

∀
p
∈

P
[s,n

]
∃

i
≤

λ
p .

E
a
r
l
i
e
s
t
(p

i )
∧

T
ra

n
sp

∀
(
p
[i,λ

p [
)

2
.
E
a
r
l
i
e
s
t
(n

)
⇐
⇒

D
-S

a
fe

(n
)
∧

∧

m
∈

p
r
ed

(n
) (¬

T
ra

n
sp

(m
)
∨
¬
S
a
fe

(m
))

3
.
E
a
r
l
i
e
s
t
(n

)
⇐
⇒

S
a
fe

(n
)
∧

∀
C

M
∈

CM
A
d
m

.
C
o
rre

c
t
C
M

(n
)
⇒

In
sertC

M
(
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
)

/
7
.
T
e
il

(
2
6
.1

1
.2

0
0
7
)

8
0



D
a
s

B
C
M

-L
e
m

m
a

B
C
M

-L
e
m

m
a

S
e
i

p
∈

P
[s,e

].
D

a
n
n

g
ilt:

1
.
∀

i
≤

λ
p .

In
sertB

C
M

(
p
i )

⇐
⇒

∃
j
≥

i.
p
[i,j

]
∈

F
U
-L

tR
g
(
B
C

M
)

2
.
∀

C
M

∈
CM

A
d
m

∀
i,

j
≤

λ
p .

p
[i,j

]
∈

L
tR

g
(
B
C

M
)
⇒

C
o
m

p
∃C
M

(
p
[i,j

]
)

3
.
∀

C
M

∈
CM

C
m

p
O

p
t
∀

i
≤

λ
p .C

o
m

p
C
M

(p
i )

⇒

∃
j
≤

i
≤

l.
p
[j,l]

∈
F
U
-L

tR
g
(
B
C

M
)

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
)

/
7
.
T
e
il

(
2
6
.1

1
.2

0
0
7
)

8
1

D
ie

B
C
M

-T
ra

n
s
fo

rm
a
t
io

n
...b

e
re

c
h
n
u
n
g
so

p
tim

a
l,

a
b
e
r
m

a
x
im

a
le

r
R
e
g
iste

rd
ru

c
k

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

R
egister P

ressure!
M

axim
um

h
z :=

h
:=

 a+
b

h
:=

 a+
b

a:=
 ...

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
)

/
7
.
T
e
il

(
2
6
.1

1
.2

0
0
7
)

8
2

D
ie

L
C
M

-T
ra

n
s
fo

rm
a
t
io

n
...e

b
e
n
fa

lls
b
e
re

c
h
n
u
n
g
so

p
tim

a
l,

a
b
e
r
m

it
m

in
im

a
le

m
R
e
g
iste

rd
ru

c
k
!

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

R
egister P

ressure!
M

inim
um

h
z :=

h
:=

 a+
b

h
:=

 a+
b

h
:=

 a+
b

a:=
 ...

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
)

/
7
.
T
e
il

(
2
6
.1

1
.2

0
0
7
)

8
3

D
u
a
le

e
x
t
re

m
e

S
t
ra

t
e
g
ie

–
S
p
ä
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ä
u
d
e

•
M

o
,

1
7
.1

2
./

2
4
.1

2
./

3
1
.1

2
.2

0
0
7
:

K
e
in

e
V
o
rle

su
n
g
(e

n
)!

(F
e
ria

lz
e
it)

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
)

/
7
.
T
e
il

(
2
6
.1

1
.2

0
0
7
)

8
7


