
S
o
m
e
r
e
v
ie
w

p
r
o
b
le
m
s,
e
x
a
m

#
2

D
iscla
im
er:
T
h
ese
a
re
ty
p
ica
l
p
ro
b
lem
s,
b
u
t
a
re
n
o
t
m
ea
n
t
to
b
e
a
n
ex
h
a
u
stive
list.
Y
ou
r
h
om
ew
ork
assign
m
en
ts,

to
g
eth
er
w
ith
th
ese
p
ro
b
lem
s,
g
iv
e
a
relia
b
le
id
ea
o
f
th
e
k
in
d
s
o
f
p
ro
b
lem
s
th
a
t
th
e
ex
am
w
ill
largely
con
sist
of.

0
.
B
e
a
b
le
to
so
lv
e
L
P
P
's
b
y
th
e
p
rim
a
l-d
u
a
l
m
eth
o
d
,
p
u
re
in
teg
er
p
ro
g
ra
m
m
in
g
p
rob
lem
s
b
y
u
sin
g
G
om
ory

cu
ttin
g
p
la
n
es,
a
n
d
p
u
re
o
r
m
ix
ed
in
teg
er
p
ro
g
ra
m
m
in
g
p
ro
b
lem
s
b
y
u
sin
g
th
e
b
ran
ch
an
d
b
ou
n
d
tech
n
iq
u
e

(D
a
k
in
's
a
lg
o
rith
m
).

1
.
S
u
p
p
o
se
th
a
t
a
(P
)
is
a
L
P
P
w
ith
a
n
o
p
tim
a
l
so
lu
tio
n
.
T
h
en
w
e
k
n
ow
th
a
t
th
e
d
u
al
p
rob
lem
(D
)
d
o
es
as

w
ell.
If
w
e
a
d
d
a
co
n
stra
in
t
to
(P
)
to
m
a
k
e
a
n
ew
p
ro
b
lem
(P
0),
th
en
w
h
ich
o
f
th
e
follow
in
g
are
p
ossib
le
in

p
rin
cip
le
a
b
o
u
t
th
e
n
ew
d
u
a
l
p
ro
b
lem
(D
0)?

a
)
(D
0)
m
ig
h
t
b
e
u
n
b
o
u
n
d
ed

b
)
(D
0)
m
ig
h
t
h
av
e
a
n
o
p
tim
a
l
so
lu
tio
n
,
w
ith
strictly
sm
a
ller
o
b
jectiv
e
fu
n
ction
valu
e
th
an
th
e
op
tim
al

so
lu
tio
n
o
f
(D
)

c)
(D
0)
m
ig
h
t
h
av
e
a
n
o
p
tim
a
l
so
lu
tio
n
,
w
ith
ex
a
ctly
th
e
sa
m
e
o
b
jective
fu
n
ction
valu
e
as
th
e
op
tim
al

so
lu
tio
n
o
f
(D
)

d
)
(D
0)
m
ig
h
t
b
e
in
fea
sib
le.

2
.
L
et
(P
)
b
e
th
e
fo
llow
in
g
L
P
P
:

M
a
x
im
ize
4
x
1

+
3
x
2

+
4
x
3

su
b
ject
to
4
x
1

+
2
x
2

+
x
3

�

1
5
0
,
x
1

+
2
x
2

+
4
x
3

�

2
0
,
all
x
i

�

0.

(a)
L
et
(D
)
b
e
th
e
d
u
a
l
p
ro
b
lem
.
F
orm
u
la
te
(D
)
a
n
d
so
lve
it
g
eo
m
etrica
lly.

(b
)
F
ro
m
th
e
p
ictu
re
o
f
th
e
d
u
a
l
so
lu
tio
n
a
n
d
w
ith
o
u
t
fu
rth
er
ca
lcu
la
tio
n
s,
d
eterm
in
e
as
m
an
y
p
rim
al
variab
les

(in
clu
d
in
g
sla
ck
va
ria
b
les)
a
s
y
ou
can
w
h
ich
a
re
0
a
t
th
e
o
p
tim
a
l
so
lu
tio
n
o
f
th
e
p
rim
al.
(C
om
p
lem
en
tary

sla
ck
n
ess!)

(c)
W
h
ich
d
u
a
l
va
ria
b
les
a
re
b
a
sic
a
t
th
e
o
p
tim
a
l
so
lu
tio
n
o
f
(D
)?
W
h
ich
p
rim
al
variab
les
are
b
asic
at
th
e

o
p
tim
a
l
so
lu
tio
n
o
f
(P
)?

3
.
A
certa
in
in
teg
er
p
ro
g
ra
m
m
in
g
p
ro
b
lem
h
a
s
d
ecisio
n
va
ria
b
les
x
a
n
d
y
.
A
s
u
su
a
l,
z
is
th
e
ob
jective
fu
n
ction
.

A
t
a
certa
in
p
o
in
t
in
so
lv
in
g
th
e
p
ro
b
lem
b
y
D
a
k
in
's
a
lg
o
rith
m
(b
ra
n
ch
a
n
d
b
o
u
n
d
),
su
p
p
ose
th
at
th
e
tree
h
as

ex
a
ctly
4
leaves
(A
,
B
,
C
a
n
d
D
),
a
n
d
th
a
t
th
e
L
P
P
s
th
a
t
th
ey
rep
resen
t
(ig
n
o
rin
g
in
teger
con
strain
ts,
as
u
su
al)

h
av
e
th
e
fo
llow
in
g
op
tim
a
l
so
lu
tio
n
s:

(A
)
x
=
1
;y
=
6
:5
;z
=
2
4
3
:

(B
)
x
=
2
;y
=
5
;z
=
2
3
0
:

(C
)
x
=
3
:2
;y
=
3
;z
=
211
:

(D
)
In
feasib
le

(a)
S
u
p
p
o
se
th
a
t
in
th
e
orig
in
a
l
p
ro
b
lem
,
x
a
n
d
y
a
re
b
o
th
req
u
ired
to
b
e
in
teg
ers.
H
ow
sh
ou
ld
th
e
n
o
d
es
b
e

m
a
rk
ed
?
W
h
a
t
(if
a
n
y
th
in
g
)
sh
o
u
ld
b
e
d
o
n
e
n
ex
t?
Is
th
ere
a
n
y
ch
o
ice,
a
n
d
if
so,
w
h
at
is
th
e
p
referred

ch
o
ice?

(b
)
S
a
m
e
q
u
estio
n
s,
b
u
t
a
ssu
m
e
th
a
t
th
e
o
rig
in
a
l
p
ro
b
lem
w
a
s
d
i�
eren
t:
o
n
ly
x
h
as
b
een
req
u
ired
to
b
e
an

in
teg
er.

(c)
S
a
m
e
q
u
estio
n
s,
b
u
t
a
ssu
m
e
th
a
t
o
n
ly
y
h
a
s
b
een
req
u
ired
to
b
e
a
n
in
teg
er.

R
ev
iew
:
ex
am
#
2,
p
age
2

4
.
S
u
p
p
ose
th
at
w
e
reach
th
e
follow
in
g
tab
leau
in
th
e
cou
rse
of
solv
in
g
a
p
u
re
in
teger
p
rogram
m
in
g
p
rob
lem

u
sin
g
G
om
ory
cu
ttin
g
p
lan
es.
T
h
e
origin
al
p
rob
lem
h
ad
all
in
teger
co
eÆ
cien
ts
in
th
e
con
strain
ts
an
d
ob
jective

fu
n
ction
.
T
h
e
origin
al
p
rob
lem
w
as
in
stan
d
ard
form
.

1

�
1
:2

0

0

0
:8

3
:3

0

2
:4

0

1

�
1
:4

4
:2

0

�
3
:6

1

0

3
:2

12
:8

0

18

0

0

8

33

(a)
E
x
p
lain
w
h
y
w
e're
n
ot
d
on
e
yet.

(b
)
C
on
tin
u
e
th
e
solu
tion
to
�
n
d
th
e
n
ex
t
tab
leau
(ex
cep
t
th
e
ob
jectiv
e
row
).

(c)
W
h
at
if
an
y
th
in
g
can
you
say
ab
ou
t
th
e
ob
jective
row
of
th
e
n
ex
t
tab
leau
,
w
ith
ou
t
d
oin
g
an
y
calcu
lation
s?

(d
)
Is
a
fu
rth
er
cu
ttin
g
p
lan
e
n
eed
ed
?
If
so,
w
h
at
is
it,
an
d
if
n
ot,
w
h
y
n
ot?

(e)
H
ow
m
an
y
d
ecision
variab
les
w
ere
th
ere
in
th
e
origin
al
p
rob
lem
?

5
.
A
certain
L
P
P
in
stan
d
ard
form
,
w
ith
d
ecision
variab
les
x
1 ;x
2 ;x
3

an
d
th
ree
con
strain
ts,
is
solved
b
y
in
tro-

d
u
cin
g
slack
variab
les
u
1 ;u
2 ;u
3

for
th
e
resp
ective
con
strain
ts,
an
d
an
arti�
cial
variab
le
a
1

for
th
e
�
rst
con
strain
t.

(T
h
e
�
rst
con
strain
t
w
as
�
,
th
e
oth
er
tw
o
w
ere
�
,
an
d
th
e
righ
t
sid
es
w
ere
all
p
ositive.)
T
h
e
2-p
h
ase
m
eth
o
d

is
u
sed
an
d
th
e
arti�
cial
variab
le
go
es
alon
g
for
th
e
rid
e
in
P
h
ase
2.
T
h
e
�
n
al
tab
leau
for
P
h
ase
2
is

x
1

x
2

x
3

u
1

u
2

u
3

a
1

x
3

1

0

1

�
5

�
1

0

5

6

u
3

2

0

0

1

1

1

�
1

8

x
2

�
3
1

0
�
0
:25
0
:125
0
0
:25

1

2

0

0

20

4

0
�
10

�
24

(a)
W
h
at
is
th
e
m
atrix
B

corresp
on
d
in
g
to
th
is
tab
leau
?

(E
n
ou
gh
in
form
ation
is
given
ab
ou
t
th
e
origin
al

tab
leau
for
you
to
an
sw
er
th
is!)

(b
)
T
h
e
ob
jective
fu
n
ction
w
as
z
=
�
6
x
1

�

4
x
3

(=
�
6
x
1

+
0
x
2

�

4
x
3 ).
If
on
e
of
th
e
co
eÆ
cien
ts
is
ch
an
ged
,

w
h
at
w
ill
b
e
th
e
ran
ge
of
its
p
ossib
le
valu
es
so
th
at
op
tim
ality
still
o
ccu
rs
at
th
is
B
F
S
?
(T
h
is
is
3
sep
arate

q
u
estion
s,
d
ep
en
d
in
g
on
w
h
ich
co
eÆ
cien
t
is
ch
an
ged
.)

(c)
T
h
e
origin
al
righ
t
sid
es
w
ere
2,
4
an
d
6.
If
th
e
origin
al
p
rob
lem
is
m
o
d
i�
ed
b
y
ch
an
gin
g
th
e
2
to
5,
w
ill

op
tim
ality
still
o
ccu
r
w
ith
th
e
sam
e
variab
les
b
ein
g
b
asic?
If
so,
w
h
at
w
ill
th
e
n
ew
op
tim
al
valu
es
of
th
e

b
asic
variab
les
b
e?
If
n
ot,
w
h
at
m
eth
o
d
w
ill
q
u
ick
ly
give
th
e
n
ew
op
tim
al
solu
tion
?

(d
)
S
am
e
as
(c),
assu
m
in
g
th
at
2
is
ch
an
ged
to
�
1.

(e)
F
or
th
e
d
u
al
p
rob
lem
,
w
h
at
is
th
e
op
tim
al
valu
e
for
th
e
secon
d
d
ecision
variab
le?
th
e
�
rst
slack
variab
le?

6
.
Y
ou
are
solv
in
g
a
L
P
P
b
y
th
e
p
rim
al-d
u
al
m
eth
o
d
.
Y
ou
h
ave
frozen
�
at
�
=
1
:25
an
d
p
ivoted
to
th
e
follow
in
g

tab
leau
,
w
h
ich
gives
an
op
tim
al
solu
tion
for
th
at
valu
e
of
�
:

x
1

x
2

x
3

x
4

u
1

u
2

x
3

5

�
5

1

0

10

�
10

32
�

8
�

x
4

�
2

�
8

0

1

20

�
10

�
3
+
3
�

5
�

4
�

�
2
+
5
�

0

0

�
2
+
3
�

�
6
+
12
�

Q
u
estion
s:
W
h
at
is
th
e
n
ex
t
th
resh
old
valu
e
of
�
,
an
d
w
h
at
is
th
e
n
ex
t
p
iv
ot?


