
S
o
m
e
S
o
lu
tio
n
s
to
H
o
m
e
w
o
rk
d
u
e
2
/
1
6

1
.3
,
#
3
0
.

S
u
p
p
ose
th
at
S
1 ;:::;S
m

are
all
con
vex
su
b
sets
of
R
n

(for
th
e

sam
e
n
).
T
o
p
rove:
S
1

\
�
�
�
\
S
m

is
con
vex
.

P
ro
of:
S
u
p
p
ose
th
at
x
;y
2
S
1

\
�
�
�
\
S
m

.
W
e
m
u
st
sh
ow
th
at
an
y
p
oin
t
v

on
th
e
lin
e
segm
en
t
join
in
g
x
an
d
y
b
elon
gs
to
S
1

\
�
�
�
\
S
m

.

S
in
ce
x
;
y
2
S
1
\
�
�
�
\
S
m

,
certain
ly
it's
tru
e
th
at
x
2
S
1

an
d
y
2
S
1 .
T
h
en

sin
ce
S
1

is
a
con
vex
set
b
y
assu
m
p
tion
,
v
2
S
1 .

S
im
ilarly,
for
each
i
=
1;:::;m
,
v
2

S
i .
T
h
erefore
v
2

S
1

\
�
�
�
\
S
m

.

Q
.E
.D
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1
.3
#
3
4
.
P
ro
of.
S
u
p
p
ose
th
at
x
1

an
d
x
2

b
oth
satisfy
A
x
>
b.
W
e
m
u
st

sh
ow
th
at
an
y
p
oin
t
v
on
th
e
lin
e
segm
en
t
join
in
g
x
1

an
d
x
2

also
satis�
es

A
x
>
b.

If
v
=
x
1

or
x
2 ,
th
e
in
eq
u
ality
is
satis�
ed
b
y
assu
m
p
tion
.
A
n
y
oth
er
v
on

th
e
lin
e
segm
en
t
in
q
u
estion
h
as
th
e
form
v
=
�
x
1

+
(1
�

�
)x
2

for
som
e

real
n
u
m
b
er
�
su
ch
th
at
0
<
�
<
1.
In
p
articu
lar,
�
>
0
an
d
1
�

�
>
0.

W
e
k
n
ow
th
at
A
x
1

>

b
an
d
A
x
2

>

b.
M
u
ltip
ly
th
ese
b
y
�
an
d
1
�

�

resp
ectively,
an
d
ad
d
.
T
h
is
gives
th
e
in
eq
u
ality
b
elow
.
T
h
e
rest
b
asic

m
atrix
algeb
ra:

A
v
=
A
(�
x
1

+
(1
�

�
)x
2 )
=
�
(A
x
1 )
+
(1
�

�
)(A
x
2 )
>
�
b
+
(1
�

�
)b
=
b:

S
o
A
v
>
b.

Q
.E
.D
.

1
.4
,
#
1
6
.

B
y
d
e�
n
ition
(it's
in
S
ection
1.4),
x
is
a
con
vex
com
b
in
ation

of
p
oin
ts
x
1 ;:::;
x
m

2
R
n

if
an
d
on
ly
if

x
=
a
1
x
1

+
�
�
�+
a
m

x
m

for
som
e
scalars
a
1 ;:::;a
m

su
ch
th
at

a
i
�

0
for
all
i
=
1;:::;m
,
an
d
a
1

+
�
�
�+
a
m

=
1.

1

3
5
4
,
s0
4

H
o
m
e
w
o
r
k
2
/
1
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2

N
ow
su
p
p
ose
th
at
ob
jective
fu
n
ction
of
a
L
P
P
is
z
,
an
d
th
e
op
tim
al
valu
e

z
o
p
t
is
attain
ed
at
x
1 ;:::;x
m

.
T
h
en
,
z
(x
1 )
=
z
(x
2 )
=
�
�
�
=
z
(x
m

)
=
z
o
p
t .

L
et
x
=
a
1
x
1

+
�
�
�+
a
m

x
m

b
e
an
y
con
vex
com
b
in
ation
as
ab
ove.
W
e
m
u
st

sh
ow
th
at
z
(x
)
=
z
o
p
t .

L
et
c
b
e
th
e
cost
vector
for
th
e
L
P
P
.
T
h
u
s,
z
=
c
T
x
.
U
sin
g
b
asic
p
rop
erties

of
m
atrix
op
eration
s,

z
(x
)
=
c
T
x
=
c
T
(a
1
x
1

+
�
�
�+
a
m

x
m

)
=
c
T
(a
1
x
1 )
+
�
�
�+
c
T
(a
m

x
m

)

=
a
1 (c
T
x
1 )
+
�
�
�+
a
m

(c
T
x
m

)
=
a
1 z
(x
1 )
+
�
�
�+
a
m

z
(x
m

)

=
a
1 z
o
p
t
+
�
�
�+
a
m

z
o
p
t
=
(a
1

+
�
�
�
+
a
m

)z
o
p
t
=
1
�z
o
p
t

=
z
o
p
t :

Q
.E
.D
.

(T
w
o
related
sid
e
p
oin
ts:
a)
It
is
also
tru
e
th
at
if
x
1 ;:::;x
m

are
all
feasib
le,

th
en
x
is
feasib
le,
b
u
t
th
e
p
rob
lem
is
n
ot
ask
in
g
for
a
p
ro
of
of
th
is.
b
)
T
h
e

p
rop
erty
a
1

�

0;:::;a
m

�

0
n
ever
n
eed
s
to
b
e
u
sed
in
th
e
given
p
rob
lem
.

B
u
t
it
is
n
ecessary
for
sh
ow
in
g
th
at
x
is
feasib
le.)

A
.
F
irst
let's
p
rove
it
for
vectors
in
R
1

b
y
sh
ow
in
g
th
at
y
=
�
log
x
is
a

con
vex
fu
n
ction
,
th
at
is,
for
all
p
ositive
real
n
u
m
b
ers
x
1 ;x
2

an
d
all
�
su
ch

th
at
0
�

�
�

1,
it
is
tru
e
th
at

(1)

�
log(�
x
1

+
(1
�

�
)x
2 )
�

�
(�
log
x
1 )
+
(1
�

�
)(�
log
x
2 ):

O
n
e
w
ay
to
sh
ow
th
is
is
to
u
se
th
e
geom
etric
in
terp
retation
of
(1),
th
at
th
e

grap
h
of
y
=
�
log
x
,
for
x
1

�

x
�

x
2 ,
lies
b
elow
th
e
lin
e
segm
en
t
join
in
g

th
e
p
oin
ts
(x
1 ;log
x
1 )
an
d
(x
2 ;log
x
2 )
on
th
e
grap
h
.
T
h
is
is
tru
e
b
ecau
se
th
e

grap
h
is
con
cave
u
p
,
w
h
ich
in
tu
rn
is
tru
e
b
ecau
se
y
0
0

=
(�
1=x
)
0

=
1=x
2

>
0

for
all
x
.
N
o
te
:
T
h
is
ex
p
lan
ation
w
ou
ld
h
ave
b
een
ad
eq
u
ate.

A
n
oth
er
w
ay,
w
h
ich
is
m
ore
an
aly
tical
an
d
is
rigorou
s,
is
essen
tially
to

p
rove
th
at
an
y
real-valu
ed
fu
n
ction
d
e�
n
ed
on
an
y
in
terval
in
R
,
an
d
w
ith

a
p
ositive
secon
d
d
erivative
every
w
h
ere
on
th
at
in
terval,
is
con
vex
.
W
rite
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3

f
(x
)
=
�
log
x
an
d
u
se
T
ay
lor's
form
u
la
w
ith
rem
ain
d
er,
w
ith
n
=
1,
\cen
-

tered
"
at
x
=
x
0 :

f
(x
)
=
f
(x
0 )+
f
0(x

0 )(x
�
x
0 )+
12

f
0
0(c)(x
�
x
0 )
2

for
som
e
c
b
etw
een
x
&
x
0 .

T
h
is
is
tru
e
for
all
p
ositive
x
an
d
x
0 .
S
in
ce
f
0
0(c)
>
0
for
all
c
b
etw
een
x
1

an
d
x
2 ,

f
(x
)
>
f
(x
0 )
+
f
0(x

0 )(x
�

x
0 ):

N
ow
,
a)
su
b
stitu
te
x
=
x
1

an
d
m
u
ltip
ly
th
rou
gh
b
y
�
(w
h
ich
is
�

0
b
y

assu
m
p
tion
);
b
)
th
en
d
o
th
e
sam
e
w
ith
x
=
x
2

ad
1
�

�
;
an
d
c)
ad
d
th
e

resu
lts:

�
f
(x
1 )
�

�
f
(x
0 )
+
�
f
0(x

0 )(x
1

�

x
0 )

(1
�

�
)f
(x
2 )
�

(1
�

�
)f
(x
0 )
+
(1
�

�
)f
0(x

0 )(x
2

�

x
0 )

�
f
(x
1 )
+
(1
�

�
)f
(x
2 )
�

�
f
(x
0 )
+
�
f
0(x

0 )(x
1

�

x
0 )

+
(1
�

�
)f
(x
0 )
+
(1
�

�
)f
0(x

0 )(x
2

�

x
0 )

=
f
(x
0 )
+
f
0(x

0 ) ��
(x
1

�

x
0 )
+
(1
�

�
)(x
2

�

x
0 ) �:

=
f
(x
0 )
+
f
0(x

0 ) ��
x
1

+
(1
�

�
)x
2

�

x
0 �:

S
u
b
stitu
te
x
0

=
�
x
1
+
(1
�
�
)x
2

an
d
th
e
secon
d
term
on
th
e
righ
t
b
ecom
es

0,
an
d
th
e
in
eq
u
ality
is
w
h
at
w
e
w
an
ted
to
p
rove.

N
ow
w
h
at
ab
ou
t
R
n
?
L
et
x
1

=
[x
1
1

:::;x
1
n
] T
an
d
x
2

=
[x
2
1

:::;x
2
n
] T

b
e
vectors
in
R
n
,
w
ith
all
co
ord
in
ates
p
ositive
(so
th
at
th
e
logs
w
ill
b
e

3
5
4
,
s0
4

H
o
m
e
w
o
r
k
2
/
1
6

4

d
e�
n
ed
).
T
h
en

f
(�
x
1

+
(1
�

�
)x
2 )
=
f 0@
� 24

x
1
1

...
x
1
n 35

+
(1
�

�
) 24

x
2
1

...
x
2
n 35 1A

=
f 0B@ 264

�
x
1
1

+
(1
�

�
)x
2
1

...

�
x
1
n

+
(1
�

�
)x
2
n 375 1CA

=
�

n
Xi

=

1

log(�
x
1
i
+
(1
�

�
)x
2
i )

�

�

n
Xi

=

1 ��
log
x
1
i
+
(1
�

�
)
log
x
2
i �
(w
e've
p
roved
it
for
R
1)

=
�
�

n
Xi

=

1

log
x
1
i

�

(1
�

�
)

n
Xi

=

1

log
x
2
i

=
�
f
(x
1 )
+
(1
�

�
)f
(x
2 ):

Q
.E
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B
.
(C
om
p
are
#
34
ab
ove)
P
ro
of.
S
u
p
p
ose
th
at
f
(x
)
�

b
is
satis�
ed
b
y

x
=
x
1

an
d
x
=
x
2 .
W
e
m
u
st
sh
ow
th
at
it
is
satis�
ed
b
y
an
y
x
on
th
e
lin
e

segm
en
t
join
in
g
x
1

an
d
x
2 .
A
n
y
su
ch
x
h
as
th
e
form
x
=
�
x
1

+
(1
�
�
)x
2

for
som
e
�
su
ch
th
at
0
�

�
�

1.

W
e
k
n
ow
th
at

f
(x
1 )
�

b

an
d

f
(x
2 )
�

b:

M
u
ltip
ly
th
ese
b
y
�
an
d
1
�
�
resp
ectively.
S
in
ce
�
�

0
an
d
1
�
�
�

0,
th
e

in
eq
u
alities
rem
ain
tru
e:

�
f
(x
1 )
�

�
b

an
d

(1
�

�
)f
(x
2 )
�

(1
�

�
)b:

A
d
d
th
ese
(th
e
secon
d
in
eq
u
ality
b
elow
)
an
d
u
se
th
e
fact
th
at
f
is
con
vex

(th
e
�
rst
in
eq
u
ality
b
elow
):

f
(�
x
1
+
(1
�
�
)x
2 )
�

�
f
(x
1 )+
(1
�
�
)f
(x
2 )
�

�
b
+
(1
�
�
)b
=
b:

Q
.E
.D
.


