
Recall:
Vertex : x

#EP is vertex if F CER
"
s. ti

Ix't e Ey for all ye P
,
y ex

Extreme point : x'EP is extreme point if IyoZEPandXE@sI7s.t
. x*= Xy + Cl- 2) Z

BFS : 2*1's BFS if

• x*€ D

• 13=9 if q?x*=bi } with 11312N .



Extreme point, vertex, DFS .

• Fora polyhedron P and #C-P
,

TFA E :

a) x* is a vertex @⇒a) construct a

b) x* is a extreme point c c-Rh sit .
c) x* is a Bts .

Ex e Ey for all yep .

<⇒a : . Let so
# be a BFS and B be the basic set

for x* .
• Let c. = -I

i⇐B
%

. Then

c5c* = - a;fx* =
-¥3, bi

and

Joe = -
T.gg disc 2

-¥3 be for anyx
EP

.

- ⇒ OF aymin Ix subject to x EP .



• Also
,

- Zagata z - Igbo holds with equality

if andonly if a'Ix=b; for all a-EB -

• at is unique
.

solution of aix - hi , iEB
.

• So
,
cTx* s Ey forall y C- P .



LPsolutions are on extremepoints .

min Ix s-t Asa E b . - LP .

X EIR
"

• Define p* the optimal value of
LP

• Claim : There exists a extremepoint *
*of P where

cTx*=p& ( as long as pts -o)

Proof: o suppose Eric=p? but Sc is not on extreme point.
• Then B - fi I aI5c=b; } satisfies

1B Isn

° Then fly has a non - trivial needspace,
Pick VEIVCAB)

• Either ctu = O or Ctv t O



Proof : LPsolutions are on extremepoints contd .

Case I : suppose CTV so .

-⇐ at
←

n

•pick I = ht LV
, as O X

v →
a

• 3
⇒ ctx = Exit aEv v IT

= p
't
+ ac - J s p* are

• ABE = ABI .

• AN I s bn C N = {Isr . . . m} ) B)
• Pick a small enough that An I = And +a Auv s bar



Proof : LPsolutions are on extremepoints contd .

Case 2 : Suppose e 'T > 0 .
•Pick I = Sc - avi

⇒ at
← I v

' Then CTI = JI - a Iv s II →
as

• ABI = ABI
V da

• Pick a small enough that ANI s bn -

case 3 : Suppose Ev -O
•Pick I = Got LV -⇐ at

←
a

X →
a

• Then CTE = CTSc and ABI-ARE v z
v •→

+
• Pick a small enough that ANI s bn

-

a
Z

AAE = ANI * aAnu bouta Cn s
-

< bn



LPsolutions are on extremepoints
min Ex s-t Asa E b . - LP .

X EIR
"

• The optimal cost is - * or there exists

an optimal solution

• Compare to non - linear function Ya ,
XII

• optimal cost is not
- d
,
but solution doesnot

exist .



Standard form Polyhedra
Generic polyhedron : A€m×n

P -- felt Id } Cer'"
standard form polyhedron

R - {x 1 A:{ob} , bao



Converting to standard form : positive b

• Elements of both b and d (in generic form) will

be b in standard form .

For b
;
so
, replace
aix =b; →

C-a, '5x= C- b;)

For disco ;÷7%→ c. xzcix Edi → C x E Gdi )

⇒ O



Converting to standard form : free variable
• x; is called a free variable if it has no constraint

Aoc =b
,

Csc Ed
,
x; may not be constrained

• There are no free variables in standard form
-

every variable must be non- negative .

Converting free variable
• every free variable x; is replaced with two
new variables x! and x," with

sci = sci - xd'
,
x! So

,

x! 20

• sci encodes positive part of sci
•

ki " encodes negative part of sci



Converting to standard form : slack and surplus -

For every inequality constraint of the form
cix Edi ccitxzdi)

introduce a new slack (or surplus) variable si,

replacing the inequality with two constraint :

ciscos; =D; ( Cisc
- s;
-di

Si 20 5
.

. >o
)




