
Lä
n

g
e

n
m

a
ß

e
 u

n
d

 V
P

R
-P

la
c

e
r

1

A
lg

o
rit

h
m

e
n

 im
 C

h
ip

-E
n

tw
u

rf
 5

Lä
n

g
e

n
m

a
ß

e
u

n
d

Pl
a

tz
ie

ru
n

g
: 

V
PR

A
n

d
re

a
s 

K
o

c
h

F
G

 E
in

g
e

b
e

tt
e

te
 S

y
st

e
m

e

u
n

d
 ih

re
 A

n
w

e
n

d
u

n
g

e
n

TU
 D

a
rm

st
a

d
t



Lä
n

g
e

n
m

a
ß

e
 u

n
d

 V
P

R
-P

la
c

e
r

2

Ü
b

e
rb

lic
k

�
Lä

n
g

e
n

m
a

ß
e

�
A

rt
e

n
 v

o
n

 P
la

tz
ie

ru
n

g
sp

ro
b

le
m

e
n

�
K

o
n

k
re

te
r 

FP
G

A
-P

la
c

e
r:

 V
P

R
�

Zu
sa

m
m

e
n

fa
ss

u
n

g



Lä
n

g
e

n
m

a
ß

e
 u

n
d

 V
P

R
-P

la
c

e
r

3

V
e

rd
ra

h
tu

n
g

sf
lä

c
h

e
�

M
ö

g
lic

h
e

s 
P

la
tz

ie
ru

n
g

s-
Q

u
a

lit
ä

ts
k

ri
te

ri
u

m
�

G
e

sa
m

tf
lä

c
h

e
 f

ü
r 

V
e

rd
ra

h
tu

n
g

�
N

u
r 

b
e

i A
SI

C
�

B
e

i F
P

G
A

: 
Fe

st
e

 B
re

ite
 d

e
r 

Le
itu

n
g

e
n

, 
Lä

n
g

e
 r

e
ic

h
t

�
A

b
e

r:
 V

o
lls

tä
n

d
ig

e
s 

R
o

u
tin

g
 z

u
 k

o
m

p
le

x
�

N
P

�
A

b
sc

h
ä

tz
e

n
 d

e
r 

Lä
n

g
e

 d
u

rc
h

 M
e

tr
ik

�
Ei

n
ze

ln
 p

ro
 N

e
tz

�
A

u
fs

u
m

m
ie

re
n

 d
e

r 
Te

ill
ä

n
g

e
n

�
M

u
lti

p
liz

ie
re

n
 m

it 
a

n
g

e
n

o
m

m
e

n
e

r
�

Le
itu

n
g

sb
re

ite
 p

lu
s

�
Le

itu
n

g
sa

b
st

a
n

d



Lä
n

g
e

n
m

a
ß

e
 u

n
d

 V
P

R
-P

la
c

e
r

4

Lä
n

g
e

n
m

e
tr

ik
e

n
 1

�
H

a
lb

e
r 

U
m

fa
n

g
 (

h
a

lf 
p

e
ri

m
e

te
r)

�
R

e
c

h
te

c
k

 u
m

 a
lle

 T
e

rm
in

a
ls

 d
e

s 
N

e
tz

e
s 

e
x

a
k

t
e

x
a

k
t

u
n

te
re

 G
re

n
ze



Lä
n

g
e

n
m

a
ß

e
 u

n
d

 V
P

R
-P

la
c

e
r

5

Lä
n

g
e

n
m

e
tr

ik
e

n
 2

�
M

in
im

a
le

r 
R

e
c

h
tw

in
k

lig
e

r 
Ü

b
e

rs
p

a
n

n
e

n
d

e
r 

B
a

u
m

 (
M

R
ST

)

�
So

n
d

e
rf

a
ll 

v
o

n
 M

R
ST

�
In

 P
 v

ia
 P

ri
m

's
 A

lg
o

ri
th

m
u

s 
(i

m
 B

u
c

h
 3

.4
.4

)
�

V
o

lls
tä

n
d

ig
e

r 
p

la
n

a
re

r 
G

ra
p

h

L R
=

1
9



Lä
n

g
e

n
m

a
ß

e
 u

n
d

 V
P

R
-P

la
c

e
r

6

Lä
n

g
e

n
m

e
tr

ik
e

n
 3

�
R

e
c

h
tw

. S
te

in
e

r-
m

in
im

a
le

r 
B

a
u

m
 (

R
SM

T)

�
R

SM
T-

B
e

re
c

h
n

u
n

g
 is

t 
N

P
-v

o
lls

tä
n

d
ig

�
A

n
n

ä
h

e
ru

n
g

 d
u

rc
h

 M
R

ST
: 

m
a

x
. 

1
,5

x 
so

 la
n

g
�

B
e

ss
e

re
 N

ä
h

e
ru

n
g

e
n

 e
x

is
tie

re
n

L S=
1

5

L R
/L

S =
 1

,2
6



Lä
n

g
e

n
m

a
ß

e
 u

n
d

 V
P

R
-P

la
c

e
r

7

Lä
n

g
e

n
m

e
tr

ik
e

n
 4

�
Q

u
a

d
ra

tis
c

h
e

r 
Eu

k
lid

is
c

h
e

r 
A

b
st

a
n

d
�

A
rb

e
ite

t 
a

u
f Z

e
lle

n
, n

ic
h

t 
a

u
f N

e
tz

e
n

�
Fü

r 
C

liq
u

e
-M

o
d

e
ll 

g
e

e
ig

n
e

t

�
�

ij

�
=

0
 w

e
n

n
 (

v
i, 

v
j)

 �
 E

�
=
�(

v
i,v

j)
�:

 G
e

w
ic

h
te

t 
n

a
c

h
 A

n
za

h
l K

a
n

te
n

 
�

<
 �

(v
i,v

j)
�:

 n
ic

h
t 

n
u

r 
Ei

n
ze

lle
itu

n
g

e
n

 

1 2
� i=1n

� j=
1

n

�
ij

[�
x i
	
x
j

2
�
�y
i	
y
j

2
]



Lä
n

g
e

n
m

a
ß

e
 u

n
d

 V
P

R
-P

la
c

e
r

8

P
la

tz
ie

ru
n

g
sp

ro
b

le
m

e
�

St
a

n
d

a
rd

ze
lle

n
�

Se
m

i-
C

u
st

o
m

�
B

u
ild

in
g

 B
lo

c
k

�
Te

ilw
e

is
e

 F
u

ll-
C

u
st

o
m

 m
ö

g
lic

h
�

M
P

G
A

/F
P

G
A

�
A

u
f 

v
o

rg
e

g
e

b
e

n
e

 S
tr

u
k

tu
re

n



Lä
n

g
e

n
m

a
ß

e
 u

n
d

 V
P

R
-P

la
c

e
r

9

St
a

n
d

a
rd

ze
lle

n
 1

�
St

a
n

d
a

rd
ze

lle
n

 (
Se

m
i-

C
u

st
o

m
)

�
K

le
in

e
re

 S
c

h
a

ltu
n

g
e

n
 (

G
a

tt
e

r)
 a

u
s 

B
ib

lio
th

e
k

�
Fe

st
e

s 
La

y
o

u
t

�
G

rö
ss

e
�

Te
rm

in
a

l-
A

n
o

rd
n

u
n

g
�

A
n

re
ih

b
a

r 
in

 Z
e

ile
n

�
Lo

g
is

tis
c

h
e

 S
ig

n
a

le V
D

D
C

LK
G

N
D



Lä
n

g
e

n
m

a
ß

e
 u

n
d

 V
P

R
-P

la
c

e
r

10

St
a

n
d

a
rd

ze
lle

n
 2

�
Ze

ile
n

w
e

is
e

 A
n

o
rd

n
u

n
g

�
V

e
rd

ra
h

tu
n

g
 z

w
is

c
h

e
n

 Z
e

ile
n

�
A

u
sn

a
h

m
e

n
�

A
n

g
re

n
ze

n
d

e
 V

e
rb

in
d

u
n

g
e

n
 (

a
b

u
tm

e
n

t)
�

D
u

rc
h

le
itu

n
g

e
n

 (
fe

e
d

th
ro

u
g

h
s)



Lä
n

g
e

n
m

a
ß

e
 u

n
d

 V
P

R
-P

la
c

e
r

11

B
u

ild
in

g
 B

lo
c

k
s 

1
�

M
e

h
r 

Fl
e

x
ib

ili
tä

t
�

K
a

n
n

 a
u

c
h

 F
u

ll-
C

u
st

o
m

 T
e

ile
 e

n
th

a
lte

n
�

A
u

to
m

a
tis

c
h

 g
e

n
e

ri
e

rt
e

 B
lö

c
k

e
 (

z.
B

. 
R

A
M

)
�

V
e

rd
ra

h
tu

n
g

sk
a

n
ä

le
 a

n
 a

lle
n

 S
e

ite
n



Lä
n

g
e

n
m

a
ß

e
 u

n
d

 V
P

R
-P

la
c

e
r

12

M
P

G
A

/F
P

G
A

 1
�

M
a

sk
-P

ro
g

ra
m

m
a

b
le

 G
a

te
 A

rr
a

y
�

M
o

d
e

b
e

ze
ic

h
n

u
n

g
: 

St
ru

c
tu

re
d

 A
SI

C
�

Fi
e

ld
-P

ro
g

ra
m

m
a

b
le

 G
a

te
 A

rr
a

y
�

Fe
st

e
 A

n
o

rd
n

u
n

g
 v

o
n

�
Lo

g
ik

�
V

e
rd

ra
h

tu
n

g
�

A
n

p
a

ss
u

n
g

 a
u

f A
n

w
e

n
d

u
n

g
�

M
PG

A
: 

B
e

im
 H

e
rs

te
lle

r 
(M

e
ta

lll
a

g
e

n
)

�
FP

G
A

: B
e

im
 A

n
w

e
n

d
e

r 
(P

ro
g

ra
m

m
ie

ru
n

g
)



Lä
n

g
e

n
m

a
ß

e
 u

n
d

 V
P

R
-P

la
c

e
r

13

M
P

G
A

/F
P

G
A

 2

A
k

tiv
e

 L
o

g
ik

W
ir

e
Lä

n
g

e
 1

W
ir

e
Lä

n
g

e
 2

Sw
itc

h
B

o
x



Lä
n

g
e

n
m

a
ß

e
 u

n
d

 V
P

R
-P

la
c

e
r

14

M
P

G
A

/F
P

G
A

 3
�

Se
h

r 
ä

h
n

lic
h

 z
u

 U
P

P
�

A
b

e
r:

 S
e

g
m

e
n

tie
rt

e
 V

e
rb

in
d

u
n

g
e

n
�

M
e

h
re

re
 V

e
rd

ra
h

tu
n

g
sl

ä
n

g
e

n
�

V
e

rz
ö

g
e

ru
n

g
 a

b
h

ä
n

g
ig

 v
o

n
 

�
A

n
za

h
l d

u
rc

h
la

u
fe

n
e

r 
Sw

itc
h

 B
o

x
e

s
�

La
st

 (
Fa

n
-O

u
t)

�
Fe

st
e

 V
e

rd
ra

h
tu

n
g

sk
a

p
a

zi
tä

t
�

N
ic

h
t 

je
d

e
 P

la
tz

ie
ru

n
g

 v
e

rd
ra

h
tb

a
r

�
V

e
rd

ra
h

tb
a

rk
e

it 
in

 K
o

st
e

n
fu

n
k

tio
n



Lä
n

g
e

n
m

a
ß

e
 u

n
d

 V
P

R
-P

la
c

e
r

15

V
P

R
�

V
e

rs
a

til
e

 P
la

c
e

 a
n

d
 R

o
u

te
�

B
e

tz
 u

n
d

 M
a

rq
u

a
rd

t,
 U

 T
o

ro
n

to
�

P
la

tz
ie

re
r

�
Si

m
u

la
te

d
 A

n
n

e
a

lin
g

-b
a

si
e

rt
�

A
d

a
p

tiv
e

 A
n

n
e

a
lin

g
 S

c
h

e
d

u
le

�
O

p
tim

ie
rt

 g
le

ic
h

ze
iti

g
�

Le
itu

n
g

sl
ä

n
g

e
�

V
e

rz
ö

g
e

ru
n

g



Lä
n

g
e

n
m

a
ß

e
 u

n
d

 V
P

R
-P

la
c

e
r

16

Zü
g

e
�

P
a

a
rw

e
is

e
s 

A
u

st
a

u
sc

h
e

n
 v

o
n

 B
lö

c
k

e
n

�
N

b
lo

c
k

s =
 G

rö
ß

e
 d

e
r 

Sc
h

a
ltu

n
g

�
A

b
e

r 
n

ic
h

t 
g

a
n

z 
w

a
h

llo
s

�
B

e
sc

h
rä

n
k

u
n

g
 d

e
r 

En
tf

e
rn

u
n

g



Lä
n

g
e

n
m

a
ß

e
 u

n
d

 V
P

R
-P

la
c

e
r

17

St
a

rt
te

m
p

e
ra

tu
r

�
W

ir
d

 a
u

to
m

a
tis

c
h

 b
e

st
im

m
t

�
Fü

r 
a

k
tu

e
lle

 S
c

h
a

ltu
n

g
 p

a
ss

e
n

d
�

Id
e

e
:

�
A

n
fa

n
g

s 
fa

st
 a

lle
 Z

ü
g

e
 a

k
ze

p
tie

re
n

�
W

ie
 h

o
c

h
 m

u
ss

 d
ie

 S
ta

rt
te

m
p

e
ra

tu
r 

se
in

?
�

V
o

rg
e

h
e

n
�

N
b

lo
c

k
s p

a
a

rw
e

is
e

 a
u

st
a

u
sc

h
e

n

�
B

e
o

b
a

c
h

te
 Ä

n
d

e
ru

n
g

 d
e

r 
K

o
st

e
n

fu
n

k
tio

n
 x

�
St

a
n

d
a

rd
a

b
w

e
ic

h
u

n
g

�
St

a
rt

te
m

p
e

ra
tu

r 
=

 2
0

 �
 s

x

�
B

e
a

c
h

te
: 

K
o

st
e

n
fu

n
k

tio
n

 g
g

f.
 n

o
rm

ie
re

n
�

B
e

i V
P

R

s
x
=

1

n
	
1
��
� i
x
i2

	
n
�x
2





Lä
n

g
e

n
m

a
ß

e
 u

n
d

 V
P

R
-P

la
c

e
r

18

Th
e

rm
a

l E
q

u
ili

b
riu

m
�

A
n

za
h

l v
o

n
 S

c
h

ri
tt

e
n

 p
ro

 T
e

m
p

e
ra

tu
rs

tu
fe

:

�
1

0
x

 s
c

h
n

e
lle

r,
 a

b
e

r 
c

a
. 

1
0

%
 s

c
h

le
c

h
te

r:

1
0
N
b
lo
ck
s4

/3

N
b
lo
ck
s

4
/3



Lä
n

g
e

n
m

a
ß

e
 u

n
d

 V
P

R
-P

la
c

e
r

19

A
b

k
ü

h
le

n
 1

�
B

e
o

b
a

c
h

tu
n

g
�

A
n

fa
n

g
s:

 T
 h

o
c

h
, 

fa
st

 a
lle

 Z
ü

g
e

 a
k

ze
p

tie
rt

�
Im

 w
e

se
n

tli
c

h
e

n
 z

u
fä

lli
g

e
s 

B
e

w
e

g
e

n
�

K
e

in
e

 e
c

h
te

 V
e

rb
e

ss
e

ru
n

g
 d

e
r 

K
o

st
e

n
fu

n
k

tio
n

�
En

d
e

: 
T 

n
ie

d
ri

g
, 

k
a

u
m

 Z
ü

g
e

 a
k

ze
p

tie
rt

�
Fa

st
 k

e
in

e
 B

e
w

e
g

u
n

g
 m

e
h

r
�

W
e

n
ig

 V
e

rä
n

d
e

ru
n

g
 in

 K
o

st
e

n
fu

n
k

tio
n

�
Id

e
e

�
M

e
is

te
 O

p
tim

ie
ru

n
g

 p
a

ss
ie

rt
 d

a
zw

is
c

h
e

n
�

B
rin

g
e

 T
 s

c
h

n
e

ll 
in

 d
e

n
 p

ro
d

u
k

tiv
e

n
 B

e
re

ic
h

�
H

a
lte

 T
 la

n
g

e
 im

 p
ro

d
u

k
tiv

e
n

 B
e

re
ic

h
�

V
o

rg
e

h
e

n
�

St
e

u
e

re
 T

 a
n

h
a

n
d

 d
e

r 
A

k
ze

p
ta

n
zr

a
te



Lä
n

g
e

n
m

a
ß

e
 u

n
d

 V
P

R
-P

la
c

e
r

20

A
b

k
ü

h
le

n
 2

�
T

n
e

w
 =

 
 T
�

o
ld

 

 

�
A

c
c

e
p

ta
n

c
e

 R
a

te
R

a

0
.5

0
R

a
 >

 0
.9

6

0
.9

0
0

.8
0

 <
 R

a
 �

 0
.9

6

0
.9

5
0

.1
5

 <
 R

a
 �

 0
.8

0

0
.8

0
R

a
 �

 0
.1

5



Lä
n

g
e

n
m

a
ß

e
 u

n
d

 V
P

R
-P

la
c

e
r

21

A
b

k
ü

h
le

n
 3

�
V

o
ra

h
n

u
n

g
�

G
u

te
 F

o
rt

sc
h

rit
te

 b
e

i R
a

 �
  0

,5

�
A

m
 e

ffi
zi

e
n

te
st

e
n

 R
a
 =

 0
,4

4
�

B
e

st
e

 F
o

rt
sc

h
ri

tt
e

�
Id

e
e

�
R

a
 m

ö
g

lic
h

st
 a

u
f 

d
ie

se
m

 W
e

rt
 h

a
lte

n

�
N

ic
h

t 
te

m
p

e
ra

tu
rb

a
si

e
rt

 (
k

ü
h

lt 
n

u
r 

a
b

!)
�

So
n

d
e

rn
: A

u
sw

ir
k

u
n

g
e

n
 d

e
r 

Zü
g

e
 b

e
e

in
flu

ss
e

n
�

B
e

o
b

a
c

h
tu

n
g

�
W

e
ite

 Z
ü

g
e

: 
G

ro
ss

e
 Ä

n
d

e
ru

n
g

 d
e

r 
K

o
st

e
n

fu
n

k
tio

n
�

K
u

rz
e

 Z
ü

g
e

: 
K

le
in

e
 Ä

n
d

e
ru

n
g

 d
e

r 
K

o
st

e
n

fu
n

k
tio

n

�
V

o
rg

e
h

e
n

�
V

a
ri

ie
re

 Z
u

g
w

e
ite

 R
lim

it, 
u

m
 R

a
�

0
.4

4 
zu

 h
a

lte
n



Lä
n

g
e

n
m

a
ß

e
 u

n
d

 V
P

R
-P

la
c

e
r

22

A
b

k
ü

h
le

n
 4

�
R

lim
it k

le
in

�
K

le
in

e
 Z

u
g

re
ic

h
w

e
ite

�
K

le
in

e
 Ä

n
d

e
ru

n
g

e
n

 d
e

r 
K

o
st

e
n

fu
n

k
tio

n
�

K
le

in
e

 V
e

rs
c

h
le

c
h

te
ru

n
g

e
n

�
W

e
rd

e
n

 e
h

e
r 

a
n

g
e

n
o

m
m

e
n

�
R

a
 s

te
ig

t

�
R

lim
it g

ro
ss

�
G

ro
ss

e
 Z

u
g

re
ic

h
w

e
ite

�
G

ro
ss

e
 Ä

n
d

e
ru

n
g

e
n

 d
e

r 
K

o
st

e
n

fu
n

k
tio

n
�

G
ro

ß
e

 V
e

rs
c

h
le

c
h

te
ru

n
g

e
n

�
W

e
rd

e
n

 e
h

e
r 

a
b

g
e

le
h

n
t

�
R

a
 s

in
k

t



Lä
n

g
e

n
m

a
ß

e
 u

n
d

 V
P

R
-P

la
c

e
r

23

A
b

k
ü

h
le

n
 5

�
A

n
fa

n
g

s:
 R

lim
it =

 g
a

n
ze

r 
C

h
ip

 L
C

h
ip

�
B

e
i j

e
d

e
m

 A
b

k
ü

h
ls

c
h

ri
tt

:

�
Zu

v
ie

l a
k

ze
p

tie
rt

: 
R

lim
it g

rö
ss

e
r 

m
a

c
h

e
n

�
Zu

w
e

n
ig

 a
k

ze
p

tie
rt

: 
R

lim
it k

le
in

e
r 

m
a

c
h

e
n

R
li
m
it

n
ew

=
R
li
m
it

o
ld
�1
�
R
ao
ld
	
0
.4
4

,
1
�
R
li
m
it

n
ew
�
L
C
h
ip



Lä
n

g
e

n
m

a
ß

e
 u

n
d

 V
P

R
-P

la
c

e
r

24

A
b

b
ru

c
h

b
e

d
in

g
u

n
g

�
W

a
n

n
 A

b
k

ü
h

lu
n

g
 b

e
e

n
d

e
n

?
�

Id
e

e
�

Er
k

e
n

n
u

n
g

 v
o

n
 S

til
ls

ta
n

d
�

V
o

rg
e

h
e

n
�

Je
d

e
r 

Zu
g

 b
e

e
in

flu
ss

t 
m

in
d

e
st

e
n

s 
e

in
 N

e
tz

�
B

e
st

im
m

e
 d

ie
 d

u
rc

h
sc

h
n

itt
lic

h
e

n
 K

o
st

e
n

 p
ro

 N
e

tz
�

W
e

n
n

 T
 k

le
in

e
r 

a
ls

 B
ru

c
h

te
il 

d
a

vo
n

 .
..

�
N

u
r 

n
o

c
h

 k
le

in
e

 C
h

a
n

c
e

, 
d

a
ss

 Z
u

g
 a

k
ze

p
tie

rt
 w

ir
d

�
T 

<
 0

.0
0

5
 C

o
st

/#
N

e
ts

�
A

u
c

h
 h

ie
r:

 K
o

st
e

n
fu

n
k

tio
n

 g
g

f.
 n

o
rm

ie
re

n
�

B
e

i V
PR



Lä
n

g
e

n
m

a
ß

e
 u

n
d

 V
P

R
-P

la
c

e
r

25

K
o

st
e

n
fu

n
k

tio
n

�
G

le
ic

h
ze

iti
g

 o
p

tim
ie

re
n

�
Ze

itv
e

rh
a

lte
n

�
V

e
rd

ra
h

tu
n

g
sl

ä
n

g
e

�
V

e
rd

ra
h

tu
n

g
sl

ä
n

g
e

�
B

e
st

im
m

t 
a

ls
 k

o
rr

ig
ie

rt
e

r 
h

a
lb

e
r 

N
e

tz
u

m
fa

n
g

q
(i

) 
=

 1
 f

ü
r 

i=
1

..3
, 

=
2.

79
 f

ü
r 

i=
5

0
(C

h
e

n
g

 1
99

4)

�
W

e
b

-S
e

ite
: 

P
a

p
e

r,
 D

a
te

i m
it 

K
o

rr
e

k
tu

rf
a

k
to

re
n

 q
(i

)

c
w
=
� n�
N

q
�n

p
in
co
u
n
t

[
b
b
x
�n

�
b
b
y
�n

]



Lä
n

g
e

n
m

a
ß

e
 u

n
d

 V
P

R
-P

la
c

e
r

26

In
k

re
m

e
n

te
lle

 B
e

re
c

h
n

u
n

g
 1

�
B

e
re

c
h

n
u

n
g

 d
e

s 
N

e
tz

u
m

fa
n

g
s

�
Si

m
p

e
l: 

O
(k

),
 k

 A
n

za
h

l d
e

r 
P

in
s

�
P

ro
b

le
m

: k
 =

 1
0

0 
..

. 1
0

00
 r

e
a

lis
tis

c
h

�
N

a
c

h
 je

d
e

m
 Z

u
g

 n
e

u
 b

e
re

c
h

n
e

n
�

B
e

ss
e

r:
�

N
a

c
h

 M
ö

g
lic

h
k

e
it 

n
u

r 
b

e
w

e
g

te
 P

in
s 

n
e

u
 b

e
re

c
h

n
e

n
�

Ei
n

 P
in

 is
t 

n
u

r 
in

 e
in

e
m

 N
e

tz
�

Ei
n

 B
lo

c
k

 h
a

t 
a

b
e

r 
m

e
h

re
re

 P
in

s

�
V

o
rg

e
h

e
n

�
Je

 N
e

tz
 u

m
sp

a
n

n
e

n
d

e
s 

R
e

c
h

te
c

k
 s

p
e

ic
h

e
rn

�
(x

m
in
, 

x
m

a
x, 

y
m

in
, 

y
m

a
x)

�
Po

si
tio

n
 d

e
r 

Se
ite

n

�
(N

xm
in
, 

N
x

m
a

x
, 

N
y

m
in
, 

N
y

m
a

x
)

�
A

n
za

h
l P

in
s 

d
ir

e
k

t 
a

u
f d

e
n

 S
e

ite
n



Lä
n

g
e

n
m

a
ß

e
 u

n
d

 V
P

R
-P

la
c

e
r

27

In
k

re
m

e
n

te
lle

 B
e

re
c

h
n

u
n

g
 2

If
 (

x n
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 b
e

w
e

g
t

if 
(x

n
e

w
 <

 n
.x

m
in

) 
{

n
.x

m
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in

 =
 1

;
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;
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;
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}
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G
e
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m

ta
lg

o
rit

h
m

u
s

S
 =

 R
a

n
d

o
m

P
la

c
e

m
e

n
t(

);

T 
=

 I
n

it
ia

lT
e

m
p

e
ra

tu
re

()
;

R
lim

it
 =

 I
n

it
ia

lR
lim

it
()

;

C
ri
tE

x
p

 =
 C

o
m

p
u

te
N

e
w

E
xp

o
n

e
n

t(
R

lim
it
);

w
h

ile
 (

!E
x
it
C

ri
te

ri
o

n
()

) 
{

Ti
m

in
g

A
n

a
ly

ze
()

;
//

 B
e

st
im

m
e

 T
a

, 
T
r 
u

n
d

 s
la

c
k
()

O
ld

W
ir
in

g
C

o
st

 =
 W

ir
in

g
C

o
st

(S
);

//
 f

ü
r 

N
o

rm
a

lis
ie

ru
n

g
 d

e
r 

K
o

st
e

n
te
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e

O
ld

Ti
m

in
g

C
o

st
 =
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im
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g

C
o
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w
h
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 (
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n

e
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o
o

p
C
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o

n
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) 
{

//
 e

in
e

 T
e

m
p

e
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tu
rs

tu
fe

S
n

e
w

 =
 G

e
n

e
ra

te
S
w

a
p

(S
, 

R
lim

it
);

�
ti
m
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g

C
o
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 =
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im
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g

C
o
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(S

n
e

w
) 

�
 T
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in

g
C

o
st

(S
);

�
w
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in

g
C

o
st

 =
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in

g
C

o
st

(S
n

e
w

) 
�
 W

ir
in

g
C

o
st

(S
);

�
C

 =
 �
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W
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if 
(�

C
 =

<
 0

)

S
 =
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n

e
w

;

e
ls

e if 
(r
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n

d
o

m
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<
 e

xp
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�

C
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))

S
 =

 S
n
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w

} T 
=

 U
p

d
a
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m
p

()
;
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 =
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p
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R

lim
it
()

;
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ri
tE
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 =
 C

o
m

p
u

te
N

e
w

E
xp

o
n

e
n

t(
R

lim
it
);
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