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T

S
P

tou
r,

0
,

oth
erw

ise.

2
1

'&

$%

�

T
h
e

T
ravelin

g
S
alesm

an
P

rob
lem

(T
S
P

):

m
in

im
ize

n
∑i
=

1

n
∑

j
=

1
:j
6=

i c
ij x

ij

su
b
ject

to
∑i∈

S

∑j
∈
S

x
ij
≤

|S
|−

1
,

S
⊂

N
,

(1)

n
∑i
=

1

n
∑

j
=

1
:j
6=

i x
ij

=
n
,

(2)

n
∑i
=

1

x
ij

=
2
,

j
∈
N

,
(3)

x
ij
∈
{0

,1}
,

i,j
∈
N

.
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$%

F
e
a
sib

ility
h
e
u
ristic

�

A
d
ju

sts
L
agran

gian
solu

tion
x

su
ch

th
at

it
b
ecom

es

feasib
le.

�

O
ften

a
go

o
d

th
in

g
to

d
o

w
h
en

ap
p
roach

in
g

th
e

d
u
al

op
tim

al
solu

tion
—

x
often

th
en

on
ly

m
ild

ly
in

feasib
le.

�

Id
en

tify
p
ath

in
1-M

S
T

w
ith

m
an

y
lin

k
s;

form
a

su
b
grap

h
w

ith
th

e
rem

ain
in

g
n
o
d
es

w
h
ich

is
a

p
ath

;

con
n
ect

th
e

tw
o.

�

R
esu

lt:
A

H
am

ilton
ian

cy
cle

(T
S
P

tou
r).

�

W
e

th
en

h
ave

b
oth

an
u
p
p
er

b
ou

n
d

(feasib
le

p
oin

t)
an

d

a
low

er
b
ou

n
d

(q)
on

th
e

op
tim

al
valu

e—
a

q
u
ality

m
easu

re!
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'&

$%

T
h
e

P
h
ilip

s
e
x
a
m

p
le

�

F
ix

ed
n
u
m

b
er

of
su

b
grad

ien
t

m
eth

o
d
s.

�

F
easib

ility
h
eu

ristic
u
sed

every
K

iteration
s

(K
>

1),

startin
g

at
a

late
su

b
grad

ien
t

iteration
.

�

T
y
p
ical

ex
am

p
le:

O
p
tim

al
p
ath

len
gth

in
th

e
ord

er
of

2

m
eters;

u
p
p
er

an
d

low
er

b
ou

n
d
s

p
ro

d
u
ced

con
clu

d
ed

th
at

th
e

relative
error

in
th

e
p
ro

d
u
ction

p
lan

is
less

th
a
n

7
%

.

�

A
lso:

in
crease

in
p
ro

d
u
ction

b
y

som
e

70
%

.
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�

O
b
jective

fu
n
ction

of
th

e
L
agran

gian
p
rob

lem
:

q(
λ

)
=

m
in

im
u
m

x

n
∑i
=

1

n
∑

j
=

1
:j
6=

i c
ij x

ij
+

n
∑j
=

2

λ
j

(

2
−

n
∑

i
=

1
:i6=

j

x
ij

)

=
2

n
∑j
=

1

λ
j
+

m
in

im
u
m

x

n
∑i
=

1

n
∑

j
=

1
:j
6=

i (c
ij
−

λ
i −

λ
j )x

ij .

�

A
h
igh

(low
)

valu
e

of
th

e
m

u
ltip

lier
λ

j
m

akes
n
o
d
e

j

attractive
(u

n
attractive)

in
th

e
1-M

S
T

p
rob

lem
,
an

d

w
ill

th
erefore

lead
to

m
ore

(less)
lin

k
s

b
ein

g
attach

ed

to
it.

�

S
u
b
grad

ien
t

m
eth

o
d

for
u
p
d
atin

g
th

e
m

u
ltip

liers.
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$%

�

U
p
d
atin

g
step

:

λ
j
:=

λ
j
+

α

(

2
−

n
∑

i
=

1
:i6=

j

x
ij

)

,
j

=
2
,...,n

,

w
h
ere

α
>

0
is

a
step

len
gth

.

�

U
p
d
ate

m
ean

s:

C
u
rren

t
d
egree

at
n
o
d
e

j
:



>
2

=
⇒

λ
j
↓

(lin
k

cost
↑
)

=
2

=
⇒

λ
j
↔

(lin
k

cost
con

stan
t)

<
2

=
⇒

λ
j
↑

(lin
k

cost
↓
)

L
in

k
cost

sh
ifted

u
p
w

ard
s

(d
ow

n
w

ard
s)

if
to

o
m

an
y

(to
o

few
)

lin
k
s

con
n
ected

to
n
o
d
e

j
in

th
e

1-M
S
T

.


