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1. Let g, f : R*> — R be ¢! functions. Let x be a local minima for f on
S ={y : g(y) = ¢} where c is a constant. State and prove Lagrange
method. [5]

2. Let J be an interval and f : J — R any concave function. Let z; <
9 < x3. Show that the following inequality connecting the difference
quotients hold.

flag) = flas) _ flxs) = flan) _ flx2) = flan)

T3 — T o T3 — T o Ty — T

[4]

3. Let V.= A@ B where A, B,V are all finite dimensional linear spaces.

If a1, as, - - - a,cA are linearly independent and by, by, b.e B, then vy, v, - - -
given by v; = (a;, b;) are linearly independent. 2]
4. Let
(r1,m9) € R%: x4+ @9 < 40,
p— 2231 + x9 S 60
T < 20
x1, 22 >0

a) Show that

(5171,132) €R2 . T+ T2 §40

P = T <20
x1,T2 > 0

[1]
b) Draw the figure of P and find its extreme points. 1]
c¢) Convert P into the standard equality form. [1]
d) For (¢) 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]



Part B

5. Determine the maximum value of 18z, +4x5+ 623 under the constraints
31’1 + X2 < -3
211 + w3 < =95
X1 S vaQ S 071'3 S 0
by looking at the dual problem or directly. [4]
6. A factory or firm produces two outputs y and z using a single input
x. The set of attainable output levels H(x) from an input use of x
is given by H(z) = {(y,2) : ¥* + 2> < x}. The firm has available
to it a maximum of one unit of input x. Let p;,ps denote the price

of y, z respectively. Determine the firms optimal output mix, using
Kuhn-Tucker theorem. Also find the maximum selling price.

[Hint: Let f, g1, 92, 93,94, g5 : B> — R be given by

f(xayaz) = p1y+p22
91(13, Y, Z) = = (y2 + ZQ)
gg(ZL‘,y,Z) = T
g3(x,y,2) = 1—=z
94(377972) = )
gs5(x,y,2) = z

S ={(x,y,z2): gi(z,y,2) >0 for each i}. If (z*, y*, 2*) is local maxima
for f on S, you can assume for (obvious?) reasons go(z*,y*, 2*) >

0794('17*7 y*a Z*) >0 and g5<CL’*, y*7 Z*) > 0. [10]
5 0
7. a) Let A= 5 3| Calculate v, (A). 3]
4 -1
b) Let B = [ 1 9 } Calculate vy(B). 1]
[Hint:
a) Notation : For any matrix A : R, — R0 define v;(A), v2(A)

by v1(A) = max {min ) a;z; : x; > 0,21 + 29+ - + 2, = 1}
and vo(A) = min {max > ya;; 1y > 0,51 +y2 + -+ Ymo = 1}
J i

b) For A: R, — R, define B : R}, — R."% by b;; = a;; + k where k

col col col col
is a fixed real constant. Find a relation between v (B) and v;(A)].

8. Let g, f : R — R be given by
flx)=2a2" ne{2,3,4,---},
g(x) = x.

Let D ={¢g >0} and z* =0,\ = 0.



a) Show that z* is not a local maxima for f on D
b) z*eD, g(2*) = 0, rank lin span {\7g(z*)} = 1,A > 0, A\g(z*) = 0.

¢) (Vf+Avg)r)=0. 3]
. Let f:(0,00) x (0,00) = R be given by f(x,y) = 2%’ a > 0,b > 0.
If a+b <1, then f is concave function. 3]

Full Conversion Table

Primal Dual
A x,b,c Aty e bt

telq, Zaz’jxj =0b; yreal,y; 20
iely, éaijx]‘ > b; Yi 20
icls, iaijajj < b; ¥ <0
jed, a:‘jreal, ;20 Z Yiij = Cj [1]
jeds, z; >0 iyiaij < ¢
jeds, z; <0 iyiaij > Cj

min )y c;x;  maz )y yb;
7 5



