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1. Let R++
n = {p = (p1, p2, · · · pn) with pi > 0 for each i.} Let 4n =

{(x1, x2, · · · xn) : xi ≥ 0 for each i and
∑

xi = 1}. Define for pεR++
n

Sp : 4n −→ 4n by Sp(x1, x2, · · · , xn) = (p1x1,p2x2,···pnxn)∑
pjxj

a) Let p,qεR++
n . Let r = (r1, r2, · · · rn) with rj = pjqj. Find a relation

between Sp ◦ Sq and Sr. [3]

b) Show that Sp is 1− 1, onto for each p in R++
n . [1]

c) Show that Sp maps any straight line in 4n to a straight line. [3]

2. State and prove weak duality theorem for the standard LP form

TABLE

Primal Dual

row i
∑
j

aijxj = bi yi real

rowp
∑
j

apjxj ≥ bp yp ≥ 0

variable j xj real
∑
i

yiaij = cj

var q xq ≥ 0
∑
i

yiaiq ≤ cq

min
∑

cjxj max
∑

yibi

form [5]

3. Define f, g : R2 −→ R, L : R2 ×R −→ R by

f(x, y), = 2x3 − 3x2

g(x, y) = (3− x)3 − y2

L(x, y, λ) = f(x, y) + λg(x, y).

Let D = {(x,y) : g(x,y) = 0}
a) Show that max

D
f is attained at (3, 0). [3]

b) If (x, y, λ) is a critical point for L ie ∂xL, ∂yL, ∂λL = 0 at (x, y, λ),
then show that (x, y, λ) ∈ {(0,±√27, 0), (1,±√8, 0)}. [2]

c) Find the rank of g′ at (3, 0). [1]



4. State Lagrange theorem. [3]

5. State Kuhn-Tucker theorem for C1 functions f ; Rn −→ R, h1, h2, hl :
Rn → R. [5]

6. Let

P =





(x1, x2) ∈ R2 : x1 + x2 ≤ 40,
2x1 + x2 ≤ 60
x1 ≤ 20
x1, x2 ≥ 0





.

a) Show that

P =





(x1, x2) ∈ R2 : x1 + x2 ≤ 40
x1 ≤ 20
x1x2 ≤ 0



 .

[1]

b) Draw the figure if P and find its extreme points. [1]

c) Convert P into standard equality form. [1]

d) For (c) find all the bases. [2]

e) Find all basic solutions. [6]

f) Find all basic feasible solutions. [1]

g) Find all basic feasible non degenerate solutions. [1]

h) Find all degenerate basic feasible solutions. [1]

i) In (b) move from one vertex to next vertex in anticlock wise direction.

[1]

j) For each extreme point in (b), find corresponding point in (f). [1]

7. a) Let x ≥ y and z ≥ 0 in Rn. Show that x · z ≥ y · z. [1]

b) Let S1, S2 be statements given below for A : Rn
col −→ Rm

col linear,
on to, b ∈ Rm

col, v ∈ Rn
col and y ∈ Rn

col.

S1. There exists v in Rn
col such that Av ≤ b

S2. There exists y in Rm
col satisfying y ≥ 0, Aty = 0 and bt ·y < 0.

Show that S1 and S2 cannot hold simultaneously. [2]

8. a) Let v1,v2, · · ·vk ∈ Rn and S = {λ1v1 + λ2v2 + · · · + λkvk : λi ≥
0, λ1 + λ2 + · · ·+ λk = 1}. Let f : Rn −→ R be any linear map. Show
that max

S
f = max

i
f(vi). [2]

b) Let P be a polygonal region in R2 given by



2x1 + x2 ≥ 4

x1 − x2 ≥ −4

−3x1 + x2 ≥ −15

−x1 ≥ −7

x1 ≥ 0, x2 ≥ 0.

Let c1, c2 ∈ R. Define g : R2 −→ R by g(x1, x2) = c1x1 + c2x2.
Determine max

P
g and min

P
g interms of c1, c2. [3]


