
Linear programming

° problem setup
• extremepoints



General linear program
linear programming problem :

#7IIh÷÷
min Eoc subject to Ax

E b .

standard
>CECRM

form .

• C EIR
"

is a given cost venter
.

° x E R
"
is unknown decision valor

• A ERM" is a given resource (measurement)
matrix.

• Ctx = 2-Cixi is a linear cost (objentice) function
.



LP formulation
minimize cbc

subject to Ax Eb

• Problem is infeasible :

There is no x EIR
"
such that Aoc Eb -

• Problem is unbounded below :

There exist some x = xotad where Aacsb for all
want

220 and Ed e OT 7

feasible

Ase - Acxotad) = Ascot a Ad Ebtd¥f badso
d-Cocoaad) = c +acid → →A as a →to

• Problem is feasible and has finite wake



Polyhedra constraint
• Ais a set of the form { ERM

Axe b} .

A EIRM'm
,
b ERM.

=ExEIR
"I aEx Ebi , iris. im}

° A polyhedra can be
bounded or can eated to infinity :

A set S is bonded if S E BO.
R)

E
ball centered

at 0 with

radius R .

• Polyhedra are an intersection of halfspaces
and hyper

-

planes . -

b--
• Polyhedra are convex .
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Extreme point pextreme
CC '

n

• Solution to LP tend to ocean ata ⇒ ofa

polyhedron .

•
REP is an extreme

Extreme points are point if it isnot
⑨

geometric end does not . I p a convex combination

use any representation of points in P.

of P directly .
. .

•

. ;
-

u

• For a polyhedron P, a vector x EP is an extreme
point of P if we cannot find two rater y, 2-EP,

with y tx, 2-ex ,
and X EEO, IT such that

a = Xy +Cl-X) t



Vertex
• Alternate geometric definition of a corner of a polyhedron .

.•-
se is a vertex iff

P is strictly on•\•

p
• one side of a hyper

• .

phone through se,

• for a polyhedron P, x EP is a vertex if there

exists a vector CER" such that

Ex - Ey for all y EP, y
#x.



Basic Feasible solution
• for a set of ooo indices. B E {I, . .. ,m3 , AB is the

sub matrix of A containing sous indexed in B .

•A¥nt : for any rats x*, if aEx*=b
; for

some si Ef Io . ..
m} , we say the corresponding

constraint

is active .

• For a- ECR? let I E{I, . . .

,
m} be index set containing

active constraints lie. I -fi / a,tx*=b, }) .

TFAE :

• A,=x=b± has a unique
solution .

• There exists n raters in { az.fiEI}
that are

linearly independent
span qq.li c- I}

←Rn.



Basic Feasible solution

• For ate ERM
,
lat B E {1, . . ,m3 be index set

of active constraints.

• ate is a basic feasible solution of P if
• siteEP ( Axa Eb)
• Apg contains atleast n linearly independent
grows .

• B is called basic set

• N= { l, . . .

.
m3\B is called non- basic set

.



Basic feasible solution
AxEb

or I got a:X Ebi

£\ food, . . ,5
Zo

Ju p

as a
'¥÷

.

Ay
aiu - be

aztu-bza.EV-bzastteebzaasfu-a.bg ajx=b3
'

' auTx= by
-000 . -

c



Degenerate solution .

° Pick a basic feasible solution odd
,
with basic

set B

• Then ranCAB)=n , 1131 In
IBISn

• If intivHbk, then ate is a degenerate

basic feasible solution. are of pat

• y is a degenerate ¥ p / &basic feasible solution ←
a y

•
3 ex
-

af

• Prepuces : Remove all redundant constraints .



Extreme point, vertex, DFS .

° For a polyhedron P, so
- EP .

TFA E :

a) x" is a vertex

b) Xo is a
extreme point

c) at is a BES .
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B - Eff Aot] → KKT matrix

B is invertible if

@ NCA) n NCP) - 9oz
.

x E NCB) ⇒
= B [I:) -O

⇒ - Pxp+Atx*=O
ad Axp - O

'⇒ ↳ENLAI
.



S = fxltxeb }
x-fixed
s
'
= { z-x LEES} E

NCA)

Nou. if y ⇐NCA
) .

want to show y
= Ex for

x- fixed and 2- E S .

2- = y + K

Az = Ay +Ax = Asc = b -

⇒ ZE S .


