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Attempt any Five questions
All questions carry equal marks.

1 {a) Check the following function for convexity
N S 2 2
fx) = PRI T

(b) Let S € R” be an open convex set and f S—>R

be differentiable Show that f 1s convex if and only if
Ax) = f) 2 (x - wy' V(w)

for all x, u & S. (ave a geometrical interpretation

of the above mequality
{¢} For the problem
mn f(x)

subject to x € S
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{2)
where 8 € R" 1z a convex set and fis a convex
function, show that the set of all optimal solutions
18 & convex sét
Using the variable transformation, associate a hnear
programming problem with the following linear
fractional programming problem (LFPP)

CxEa

d'x+B
Subject to  Ax z b

Min

xrz0
Tet (* z* be an optimal solution of the hnear

programmng problem If z* # O then show that

’

x* = }; 1s an optimal solution of the LFFP and the
objective functions values of the LFPP and the
corresponding linear programming problem are equal
Solve the followmg lhinear fractional programming

problem by Sfimplex method

S+ 3x,
Max [, %) Zox 42 +1

subject to

[ 74

dx, + bx, < 15
Sx, + 2%, > 10

x, x,20
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Consider the problem

Min fix)
subject to
Ax = b
x 20

where A 18 an m ¥ n matnx with rank m, b 18
an m ¥ 1 vector and flx) 15 convex continuously
differentiable function Show that a feasible pomnt

¥ 15 a KKT pomt if and only of a = = 0, where
o = max |- r. rjs O
P

and rf =V fla) -~ Vy FAOVBIN

z O
max {xjr}, rZ 0

(N denotes the indices of non-baswe variables )

Give a brief outhne of the theory of Sumplex method
for solving the following indefinite guadratic

programming problem
max f(x) = (¢'x + wldx + B
sulgect to
Av = b
x=z0
where ¢, d are n X 1 vectors A 1s an m X n matrix,
h1s m x 1 vector and o, B are scalars
Define a pseudoconvex function Give examples of

wuch functions Let 8 © R be an open convex set
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(4)
and f. S - R be a pseudoconvex function on §.

Show that f is also a quasiconvex function on S.
Define a quasiconcave function and give examples
of such functions Is the sum of two quasiconcave
functions always a quasiconcave function ?
Justafy
Use KKT conditions to find the value of B for which
(1, 2) 1s optimal to the problem
max flx) = 2x, + fix,
subject to
x4 x?<s
X, - Xy S 2
Develop Karush-Kuhn-Tucker (KKT) necessary
optimality conditions for a pont 2% to be a local
optimal solution of the non-linear programming
problem
min f{x)
subject to
gx 0 G=12 ,m
where x € R" and f, g (=12 , m) are defined
and continuously differentiable functions Define all
the sets used in the development process and state

the appropriate constraint quahfication used
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Consider the following non-linear programming

problem (NLP)
min flx) = (x; - D+ (x, - )%

subject to

1) Wnte the KKT conditions
(n} Do the KKT conditions hold at the pont (2, 4) 7

fn1) Can we use KKT conditions to conclude that

{2, 4) 15 optimal ? Justify
For the non-linear programming problem
max f(x)
subject to
gx) 20 (¢ =1 2, , m),
Write the Wolfe dual State and prove the weak

Duality Theorem and Strong Duahty Theorem

under switable assumptions on the functions mvolved
Show that the Lagrangan function for the problem
max €*

subject to

1
I |
2

does not possess a saddle point
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For the linear fractional programmng problem

max fix) = ?:( {dx > 0O for all feasible x)

subject to
Ax = b
x 20
where all basw solutions to Ax = b, x 2 { exast and

are non-degenerate, write the fractional dual State

and prove the Strong Duality Theorem
For the non-linear programming problem
max f{x)
subject to
g z200=12 ., m
State and prove the sufficiency of KKT optimality
conditions under the nssumption that f 1s
pseudoconcave and g's (¢ = 1, 2, , m} are

quasiconcave functions
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