
DBpenrvIENT op N,{erHENdATrcs, UxtvBRSITy op DBt UI

N{.Phil./Ph.D. \,{athematics Course Work Examination, 2022
MATH21-R07: CONVEX AND I{ONSMOOTH ANALYSIS

Time: 3 hours N4[aximum N4arks: 70

Instructions: r Attempt all the questions.

(1) Iu/It A:lR" -+ IR',, is an affine map,prove that the map L(") - A(r) -v 
A(0) is linear. It D is a convex set in R- prove that L-'(D) is a
convex set in lR'.

&f State and prove Carath6odorl'theorem.

.H If S is a boundcd sct in )R.'prover that cl(coS) - co(clS).

Q) .k$ Let C1 arrd, Cz be two nonempty-convqx sels in IR.'such that ri(C1 n
C) + 0. Prove that ti(e ) Cz) : riCr ) nC2.

@ Find thc onvcx sct in IR.2 where A(C) : {(*t,rz) e JR2 : 2r1 *rz I
4, -rt*rz { 4,rz > 3} and the affine mapping ,4 IR2 -+ IR2 is defined

. as A(rr, rz) : (r, + l, nt a *r)

[4 Nlarks]

[4 N{arks]

[6 N{arks]

16 N{arksl

[4.NIarks]

any r [4 \,Iarks]
r€lR':_Fl If Q : R' -+ R' is a

v with (Qr, ,) 1is
aro
set

(Q*,") < 1)

(3) Lk6, Let C g R" be a closed convex set. Prove that a point Ar e C is the 16 Vlarks]

->5 
pro.iectic h m^/.-\ if ',-l ^-l-,rr,PL \r / aa arlu v1rr.Y

(r - Ur,U - Ur) < 0,Yy e C
4 Find the projection of (2, 1) onto C {*t, rz) € IR.2, 

"2, 
+ *Z < l}.

,6 t*angent cone_ to,.--
f the cone gener

C [4 N{arks]Prove that the
is the closure o t<\z d(fi cc-A) -

I Let 1 and Cz be two nonempty closed convex sets in lR'Iz For [4 N4arks]

r e C1) Cz prove that l/c, (r) * I'{cr(") c l{c,ncr(r)

e (4) (a) Let ft, fz € ConvR' such that thev have a common minorant
that thei, irti-ul convoiution is a,iso in Corffi

Prove 16 l\{arks]

(/

aw

$
(b) Let f € ConvlR'and S e ri(dom/) be convex and EppA!!. Prove 18 l\{arks]

that there exists L > 0 such that 
-===--lf @) - f (r')l < Lll" - *'11.V*,r' e S.

(5)3 (.) Give an example of a strictly convex function defined hich is [2 N4arks]

not str convext

e-y'tt1 Let f -+ lR. be a convex function. Prove that [6 l\'Iarks]
L

rus,D

lffiIDry

suberadient-_.-
at (r, f(r)).

of f at r if and onl 1f (s, -1) e IR" x
Illustarte t s theorem call

a vector s € lR'L is a
lR is normal to epi/
and analytically for

the function /( frru ,a), f (r,a for (r,A) : (0,0)

,

l+T a a r
(.) Prove that a convex function / : IR" -+ IR is strongly convex with

modulus c ) 0 on a convex set C if and only if fbr al} 11 ,r2 e C,
(t, - s7,12 - n1) > rll :f,2 - rrll',Vsi € 0f (*r),i - I,2.

[6 \4arks]
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