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1. A = [a
∼

1, a
∼

2, · · · , a
∼
n] be matrix with column vectors a

∼
i in Rm0

col where

m0 ≤ n. Let b
∼
∈ Rm0

col . Assume that P = {x
∼
∈ Rn

col : x
∼
≥ 0
∼
, A x

∼
= b
∼
}

is nonempty.

For any x
∼
∈ P , let supp x

∼
= {i : xi 6= 0}, where x

∼
= (x1, x2, · · · , xn)t.

Show that x
∼

is an extreme point of P ⇔ {a
∼
i : i ∈ supp x

∼
} is a linearly

independent set. [6]

2. Show that dual(dual)=primal problem, by using the primal dual table.

[4]

3. LetA be real symmetric n × n square matrix, A = ((aij)) i, j =
1, 2, · · · , n. Let A1, A2, · · · , Ak, · ;An be the leading diagonal matrix
given by Ak = ((aij)) i, j = 1, 2, · · · , k. If det Ak > 0 for each k, then
show that u

∼
′Au
∼
≥ 0 for all u

∼
.

Hint: Consider TAT ′ or T ′AT where T =

[
In−1 0
y
∼

1

]
for a suitable

y
∼
∈ Rn−1

row [5]

4. Let Rn
++ = {x

∼
∈ Rn : x

∼
= (x1, x2, · · · , xn), xi >6=

0 for each i}. Let

f(x
∼

) = − log(xd1
1 xd2

2 xdnn ) for x
∼

in R++ where di > 0 for each i. Is f a

convex function? If so prove it. [3]

Hint: a) Is the proof obvious for n = 1?

b) Is the sum of convex functions convex?. If so prove it.

5. a) Find the maximum and minimum of f(x, y) = x2 − y2 on the unit
circle g(x, y) = x2 +y2−1 = 0 using Lagrange’s multipliers method. [3]

b) Do the same using the substitution x = cos θ, y = sin θ. [1]

6. State Kuhn-Tucker theorem. [3]



7. Let P = {x
∼
∈ Rn

col : x
∼
≥ 0
∼
, A x

∼
= b
∼
} be nonempty set and d

∼
any

non zero extremal direction for P . Let c
∼
∈ Rn

col be cost vector. Let

f(x
∼

) = c
∼
′x
∼

be bounded below on P . One of c
∼
′ d
∼
≥ 0, c

∼
′ d
∼
< 0 is true.

Guess the correct answer and prove it. [2]

8. Determine the value of the parameter d such that the feasible set de-
termined by

x1 + x2 + x3 ≤ d

x1 + x2 − x3 = 1

2x3 ≥ d

is empty. [3]

Primal Dual Table

A,x,b, c At,yt, ct,bt

iεI1,
∑
j

aijxj = bi yireal, yi ≷ 0

iεI2,
∑
j

aijxj ≥ bi yi ≥ 0

iεI3,
∑
j

aijxj ≤ bi yi ≤ 0

jεJ1, xjreal, xj ≷ 0
∑
i

yiaij = cj

jεJ2, xj ≥ 0
∑
i

yiaij ≤ cj

jεJ3, xj ≤ 0
∑
yiaij ≥ cj

min
∑
j

cjxj max
∑
i

yibi


