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AFFINE SETS

A line through the distinct points x.year :

{ z / Ext CI - E) y
= z

,
Q EIR }

÷
y

An affine contains all lines through any 2 distinct

points in the set

Example
-

the solution set of linear equations
S
'

= { x I Ax=b }

Pf : x
, ,xz E S

'
⇒ Ax, =Axz=b ⇒ Alex, ta-E)xD = o-btci-o-lb-b.ly



LINEAR SETS

5 is the subspace containing distinct points ✗
,yarn

and the origin :

¥ to
✗ 5

$ = { Z I ✗✗ + By = z , xp c-R } (✗=p =o included)

the set $ is linear if it contains all lines through any distinct
points in the set

✗ E S
'

, yes
'
⇐D Z : ✗ ✗ +py c- $ V-2.pt/R

Examples : range and null of a matrix A %÷µ¥range (A) = { y c- IRM I y=Ax , ✗ c-Rn }
null (A) = { 2- c- 112

" I Az=o }



CONVEX SETS

The liuesegmeut between any two points x. y :

z= Ox + ( I -0) y
f 0 E [0,1]

A set CEIR" is convey if it contains the line segment
between any two distinct points in the set :

x. ye C ,
OE -02-1 =D Ox + ( I -G) y EC

Eta

FIOOO
Convex non- convex non-convex



CONVEX COMBINATIONS AND HULLS

CE combination of a set of points x , , - - - , xx :

X = QX , t
- - - t

← Xk
K

with Ioi =L
, Qi70 . Leg , OE Dw )

F-I

the comet hold of a set D is the set that contains
all convex combinations of points in D

÷i:÷.

cos
'
= { z= Ext Cl -ay I x.YES , QE [0,1J }



HALF SPACES AND HYPERPLANES

hyperplane : sets of the form { x I aTx=b } with ato .

- a

#
aTx=b

hatfspace : sets of the form { x I atx Eb } with afo
.

- a

ATX> bxATX ab aTx=b

° a is the "normal ' ' vector

• hyperplanes are affine anydconoex ; halfspaces are convex

• halfspaces are convex but not affine .



TOPERATIONS THAT PRESERVE CONVEXITY -

Intersections : Let Ci EIR" be convex sets ( itI )
. Then

n Ci is convex

[EI

Proof : Suppose x.y E Ci and let Xit CO, IT .

=D x.y f Ci FIEI

=D txt CI - 7)y C- Ci FEEI
,

because Ci Cvx

=D Txt ( I -⇒y f
n Ci
"



CONVEX POLYTOPES

A set defined by a set of linear inequalities is convex .-

P

?
{
xegR! ! Axe b } A = ( aft ) @xn)
n aixebi }
[=/ .- - M

-P is a www.#oltope . µExaiuple n - dimensional simplex

{Xt Rh l II,xi⇐I , Xi70 }

= Exert 1 Ex a- 13h Ex ? -Extols
n { x I -entxto}



OPERATIONS THAT PRESERVE CONVEXITY #

Linear Mapping : Let CEIRH be cvx
.

For A mxn
,

-

the image of C under A is convex :

A(c) = { Axlxtc }

Addition : Let C,
,

....cm ER
" be cvx .

then the

addition of sets is convex :

t,C ,
+ Xzczt . .. + xmcm = {Ztixilxitci i= t.im }

/ .

0
•

-



Convex CONES

A set SEIR
"
is a cone if xes ¥7 AXES t 470 .

x #ca > 1)

A convex cone is a cone that is convex cone not convex

x,y t s
'
⇐D Q X t Izy C- S f Q , -0270

Exempts of convex cones :

IRI = { x / Xj 70 Kj -_ an }
non-negative
oreleant

LI = { (E) C- Rn" I 11×112 EtxtlR.tt/R+lgsecoudco-ouederposi/iveseeaisn+--{ X C- Rn'm I utXu > o FUHR"
,
X=Xt} def cone



Ex±upLE The polytope
D= {xl A×Eo } is a coneXEP

,
XZO =D Ax Eo

,
XZO

⇒ Acxx) to ⇒ XXEP FXZO .

ExAM_pLE The Lorentz (one

[= { (I) tent ' I 11×11 ex
,
xtirn

,
XER}

→✓11*1:
-


