
# Lecture 3 El 260 24/0812021

•• Weierstrass
' theorem

• Convene sets : Defn . ,
half space & hyperplanes ,

cones & dual cones , operations preserving
convexity .

• convene functions :
- definition

,
linear lower bound

- why important

R%•en
convene gets & functions : Boyd , convene optimization,••

chapter 2 and 3



Existence of optimal solutions :
= = =-

1neie#Ém
Let ✗ be a non empty subset of IR

"

and

f : ✗ → IR be lower semi continuous ( oar closed)

at all points of ✗ . Amane the one_ of the

following three conditions holds :

① ✗ is compact ( i.e , clotted and bounded )

② ✗ is closed and f is coercive

Then
,
F z C- ✗ such that f- (n) = int I / z) .

2- C- ✗

= f-
opt



• Sequence has at least one 6- . point

Proof :
• that Lt . p int is in ✗

=

① compactness of ✗ : • Fln > is bounded from below
-
- -

-

let 43k } EX be a sequence such that

It F ( 2k) = inf f- (2)
A → as

-

z c- ✗

→ since ✗ is bounded
,
{ 2k } has at least one limit point

z* .

→ ✗ is closed
,
NI belong to ✗ .

→ lower Hemi - continuity :

f- - as

FGÉ) £ It
is→ as

£12k ) =

off fly)2 EX

•

•

. ICI) = inf ICE)

ÉmiÉ 3- EX



② Clos ✗ and fi :

non - empty } Oom (f) n ✗ =/ of ✓

closed at Lte) → as as 11nA → as

• Let Zo be an arbitrary point in ✗

• Coerciveness : 7 M > 0

e- (a) > f(no) for any 2- satisfying 11211 > M

• Any minimizer z* of f over ✗ : f- (za) e- flax

• From coercive ness : The set of minimizer of
f over ✗ in the same as ltn Bet of-

minimizes of 7- over the set ✗ A Blog M]

aid
f. (no) 771m$) ; if Hallen choked

compact closed
botundcdf- (n) > Ilmen z f- (n' ) ; it 11241 > M

do Pfzom part A
,
F a minimizer of

of & over s n ☐ to ,M) & over S .



En SIS :

I ÷i ÷ .÷
!

convenfetmon-c%de.ph
A subset C of IR

"
is convex if

Oz ,
+ ( I -D) In E C

, tz , , Zz
C- C

f OE [0,1 ]



Encrypted convensd 0
① Euclidean ball

cn-acFj@tn-nDErg2BCn.c.r) = { z : 112 - Keller )

= { z : ( re - recite - see ) ⇐ v2}

→ Kz , - seller and 1122 - Zeller

→ O E [ 0
,
I]

② IR?
←
is Conan

set ?

11 Oz , + (1-0) 22 - Ic 112
= 110 ( z ,

- ke ) + (1-0) Izz -2kHz

f O 1124 - Zell
,
-1 (1-0) 1122 -2dL

E N ⇒ Oz, + ( 1- Oz)zz C- Btec
>
8)



Hyperplanes and hates :

hyperpla { Kati: Éz= to } ; a- to

¥.1¥ y =\. N + O

' 151=0
aIz=b %÷z

= ,

Haltspa Ht = { reek? a-Tze b } "

¥7
%¥÷÷→e
N ,

E H+ Iz C- Ht

qtn 7b → AIA Eb ; Enz -< b

ate c- b → gin
-
-

b o c- Co, ' ]

d- ( Oz , + ( I -03mi



Sepoys and Sikhs hyperplane :

⇒ if C and D are disjoint
convenor sets

,
7 I -1-0

,
b

aTm7b
s - t -

qty = b for NED¥"
"

AI z e b for a c- C

↳ém=b
separated

CED

supporting hyperplane to C at

⇒ boundary point no

{ n : Ea = atseo }0¥ where a -1-0 and

aton> at?↳
¥2 I ¥20 for all NEC



if C is convene
,
then 3- a supporting

hyperplane at every boundary point of C

¥1m
,

Zaino

Non

→ O
,
N , + 02 Nz E C

sit . 0
, c- Oz = 1

Oz = I -0
, ; 0 ,

C- { 0,1]



Corin code :

conic non - negative combination of m and Nz

NC = O
, N , + Oz Nz with 0,70

0270

coY :

A set C it a convene cone if

0, , Oz 70¥É¥"
" "" " "" " ← a

pot
i = { y : rrty go.fr c- c}



Polyhedra :

= p = { z : a z e bj
, j :| . . -

,
m

( convene feet )
C- i 7 = dj ; j = 1 . - - p } .

Bounded polyhedra is called as polytope

Intersection of

finite number of
name
hyperplanes



OpenId that preserve Iy :

• Intersection : A Ci of convene sell Ci
if I

E.s . Polytope

• Affine tandem :

- f : IN → 112m E.g . Ftz)= Az + b-

→ Image of a convene set C E IR
"

under 7-

e- (c) :{ fire) : a c- c }
→ Inverse image f-

'

(c) = { n : f- (n) C- C}

e.
s . L C :{ ✗ z : Iec } ; ✗ + c-- { 2+2 : nec}

C
,
t Cz = { N ,

+ Nz
°

. N ,
C- Cn , Nz C- Cz }
a ←

Convene


