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p
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∈
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d
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p
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b
jective:

C
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ose

a
cost-eff
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p
lan

,
on

e
p
er

w
eek

.

�

C
on

strain
ts:

all
legs

m
u
st

b
e

covered
.

m
in

im
ize

x
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T
x
,

su
b
ject

to
A

x
≥
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x
≥

0
n,

x
b
in
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w
h
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A
is

a
0/1
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atrix
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escrib

in
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eth

er
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of
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le
for
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g
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is
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all!
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ow
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o

w
e

d
efi

n
e

x
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at

is,
th

e

colu
m

n
a

j
of

A
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�

T
h
e

colu
m

n
a

j
m

u
st

refl
ect

th
e

p
ossib

ility
for

th
e

grou
p
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o

a
certain
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ice.
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h
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ep

en
d
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a
lot

u
p
on

th
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tim
in

g
of

th
e

leg,
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p
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d
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c
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p
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p
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“easy
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d
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an
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strain
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large-scale.
M
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solve
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p
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p
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T
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d
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lan

n
in
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p
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p
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lem
s

w
ith

C
Q

fu
lfi

lled

(lin
ear

con
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S
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h
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�
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d
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feasib
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p
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b
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p
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p
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p
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b
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b
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p
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e

m
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an
d

can
n
ot

b
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gen
erated
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efore-h
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d
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A
n
sw

er:
colu

m
n

gen
eration
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S
olve

su
b
p
rob

lem
s
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gen
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“feasib
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en

solve
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p
rob
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com
b
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u
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b
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u
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p
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b
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p
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p
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con
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=
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=
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=
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F
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p
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S
en
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ity

an
aly

sis:
W

h
at

h
ap

p
en

s
w

ith
z
∗,

x
∗

if
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�

A
d
u
al

p
rob
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:
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m

an
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factu

rer
(B

illy
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p
ro

d
u
ce
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ok

sh
elves
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sam
e

raw
m

aterial.
B
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ex
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an

d
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eir

p
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d
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u
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ou
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w

o
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sw
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(1)

w
h
at
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e
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b
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(p
rice)
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e
total
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acity
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w

h
ich

w
e

are

w
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g
to
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(2)

w
h
at
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th

e
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igh
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b
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rice)
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at

B
illy
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e
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rces?
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h
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an
sw
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m
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in
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eir
resou
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S
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all
p
iece

L
arge

p
iece

�

D
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6
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an
d

8
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all
p
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S
ellin

g
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S
E

K
,
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air
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E
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.
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p
ro
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ction
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lan

.
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at
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p
rob
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an

d
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o

w
e

solve
it?
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S
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e
D
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P

L
O
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(2)
grap
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(3)
th

e
S
im

p
lex
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eth
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d
.

m
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=
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2
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b
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≤
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x
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≥
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⇒
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b
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n
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�

M
u
st

h
ave

eq
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ality

con
strain

ts.
W

h
y
?

In
eq

u
alities

can
n
ot

b
e

m
an

ip
u
lated

w
h
ile

keep
in

g
th

e
sam

e
solu

tion

set!
E

q
u
alities

can
!

�

G
o
o
d

to
k
n
ow

:
E

very
p
oly

h
ed

ron
P

can
b
e

d
escrib

ed

in
th

e
formP

=
{
x
∈

R
n
|
A

x
=

b
;

x
≥

0
n
}.

�

W
e

call
th

is
th

e
stan

d
ard

form
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lack

variab
les:

(x
∈

R
n,

b
∈

R
m

,
A

∈
R

m
×

n)

A
x
≤

b
,

x
≥

0
n

⇐
⇒

A
x

+
I

m
s

=
b
,

x
≥

0
n,

s
≥

0
m

�

W
e

can
alw

ay
s

assu
m

e
even

th
at

b
≥

0
m

;
oth

erw
ise,

m
u
ltip

ly
n
ecessary

row
s

b
y
−

1.

�

Id
ea:

W
e

d
escrib

e
an

ex
trem

e
p
oin

t
th

rou
gh

th
is

ch
aracterization

of
th

e
feasib

le
set;

w
e

th
en

p
rove

th
at

m
ov

in
g

b
etw

een
“ad

jacen
t”

ex
trem

e
p
oin

ts
is

sim
p
le.

�

B
asic

feasib
le

solu
tion

s
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th
e

b
u
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ord
.

A
lgeb

raic
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escrip

tion
of

an
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e

p
oin
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d
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y
1

=
th

e
p
rice

w
h
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B
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off
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for
each

large
p
iece,

y
2

=
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e
p
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w
h
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B
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for
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p
iece,

w
=
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e

total
b
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h
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off
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E
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p
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et

in
com

e
for

a
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le
is
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E

K
;
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least
p
rice

b
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y
su

ch
th

at
2y

1
+
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=
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to
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≥
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+
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2
≥
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2
≥
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y

th
e
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p
rice!
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O
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∗
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b
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R
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total
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h
e

p
rice

for
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iece
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u
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p
rice!
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n
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called
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b
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feasib
le

solu
tion

(B
F
S
).
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A
d
d
ition
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term
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d
egen

erate,
n
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-d
egen

erate
b
asic

solu
tion

s.

�

C
on

n
ection

B
F
S
–ex

trem
e

p
oin

ts?

�

T
h
eorem

9.7:
A

p
oin

t
x

is
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ex
trem

e
p
oin

t
of

th
e

set
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x
∈

R
n
|
A

x
=

b
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x
≥

0
n
}

if
an

d
on

ly
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it
is

a
b
asic

feasib
le
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tion
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�

P
ro
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b
y

th
e
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of

A
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T
h
eorem
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h
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L
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∈

R
n
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x
=
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≥

0
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d

V
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set
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ex
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p
oin
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If

an
d
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p
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V
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n
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n
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L
et
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x
∈

R
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x
=

0
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x
≥

0
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an
d
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d
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b
e

th
e

set
of

ex
trem

e
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irection
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of
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an
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on

ly
if

P
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b
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D
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em
p
ty
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ite).

E
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∈

P
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p
oin
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ation
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oin
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1

α
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1

β
j d

j,
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ote:

x
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A
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=

b
=
⇒

L
in

ear
algeb
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≥

0
n
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A

x
=

b
=
⇒
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vex
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ign
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=
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≥
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to
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∈
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∈
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=

k
∑i=

1

α
i c

T
v

i
+

r
∑j
=

1

β
j c

T
d

j.
(1)

N
ow

vary
x
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P

.
T

h
en

,
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e
vary

α
i
an

d
β

j
on

ly.

T
h
en

,
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e
fi
rst
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n
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secon
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∈

D
.

S
u
p
p
osin

g
th

at

th
at

is
tru

e,
w

e
ch

o
ose

β
j
=
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for
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ow
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∈
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T
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2
3

'&

$%

T
h
en

,

c
T
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a
=
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T
v

a

k
∑i=

1

α
i
=

k
∑i=

1

α
i c

T
v

a
≤

k
∑i=

1

α
i c

T
v

i
=

c
T
x
,
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at
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th

e
ex

trem
e

p
oin

t
v

a
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glob
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∑
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≥
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T
h
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of
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T
h
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e
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.

2
1

'&

$%

E
x
iste

n
ce

o
f
o
p
tim

a
l
so
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P
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0
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L
et
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e
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P
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V

an
d

D
b
e

d
efi

n
ed
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in

T
h
eorem

9.9
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con
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e
L
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T
x
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b
ject
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∈

P
.

T
h
is

p
rob

lem
h
as

a
fi
n
ite

op
tim

al
solu

tion
if

an
d

on
ly

if

P
is

n
on

em
p
ty

an
d

z
is

low
er

b
ou

n
d
ed

on
P

,
th

at
is,

if

c
T
d

j
≥

0
for

all
d

j
∈

D
.

If
th

e
p
rob

lem
h
as

a
fi
n
ite

op
tim

al
solu

tion
,
th

en
th

ere
ex

ists
an

op
tim

al
solu

tion

am
on

g
th

e
ex

trem
e

p
oin

ts.

�

P
ro

of.
L
et

x
∈

P
.

T
h
en

b
y

th
e

R
ep

resen
tation



2
4

'&

$%

A
d
ja

ce
n
t

e
x
tre

m
e

p
o
in

ts

�

C
on

sid
er

th
e

follow
in

g
p
oly

top
e.

P
S
frag

rep
lacem

en
ts

x

u
(ad

jacen
t

to
x

)

w
(n

ot
ad

jacen
t

to
x

)

2
5

'&

$%

�

E
very

p
oin

t
on

th
e

lin
e

segm
en

t
join

in
g

x
an

d
u

can
n
ot

b
e

w
ritten

as
a

con
vex

com
b
in

ation
of

an
y

p
air

of
p
oin

ts
th

at
are

n
ot

on
th

is
lin

e
segm

en
t.

H
ow

ever,

th
is

is
n
ot

tru
e

for
th

e
p
oin

ts
on

th
e

lin
e

segm
en

t

b
etw

een
th

e
ex

trem
e

p
oin

ts
x

an
d

w
.

T
h
e

ex
trem

e

p
oin

ts
x

an
d

u
are

said
to

b
e

ad
jacen

t
(w

h
ile

x
an

d
w

are
n
ot

ad
jacen

t).

�

T
h
eorem

9.13:
T

w
o

ex
trem

e
p
oin

ts
are

ad
jacen

t
if

an
d

on
ly

if
th

ere
ex

ist
corresp

on
d
in

g
B

F
S
s

w
h
ose

sets
of

b
asic

variab
les

d
iff

er
in

ex
actly

on
e

p
lace.

�

T
h
e

D
U

P
L
O

ex
am

p
le!


