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• degeneracy in standard for



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
)



Basic solution in standard form
* is a basic solution if the renters

die , . . . , den , Ej EB

are linearly independent
In standard form , there are

• n variables Gee, . . . , xn )
• nem total constraints .

• m equality constraint CAx=b)
• n inequality constraint Lx Io)

for any basic solution X
,

• B must contain n elements .

• Thus n-m of the inequality constraints



Basic solution in standard form
Choose n- m inequality constraint to be active is the

same as choosing n-m variables xj to be zero
. Making XI

zero eleminotes ith col" of A .

This is equivalent to choosing m columns of A ! To

bea basic solution
,
we need these columns to be linearly

independent . So
, permute variables and partition
AP = [B NT where B is non-singles

No
. Exit

'II:3.FI:)
Xµ=0, BX,z=b



Full rank assumption
• polyhedron in standard form

P = {DCI Aoe =b , x 20 } , A ERM
" "

• Assume nonKCA) = k s m and rows {a . . . . ,
a 3 of

A- are linearly independent .

• Let 8 = {x / ai!x = big , g- =L, . .,k
,
x 20 )

• The P= § .
That is we can assume rows of A

are linearly independent without loss ofgenerality .



Degeneracy : inequality form
polyhedron in inequality form :

Asc Eb

a basic feasible solution set with

a'Ix*= bi , i EB and di Cbi , I EIB

is degenerate if # of indices in B
is greater than n .

• property of description of polyhedron
.

• affects performance of some algorithm
°

• disappears for small perturbations
P

G t.of b .
c



Degeneracy : standard form
polyhedron in standard form :

Ax=b
, x Zo

a basic solution partitions He variables
into two sets :

[B, NJ = b
with Xu - O

i.e. BxB = b

a basic feasible solution
in standard form is degenerate

if more that n-m components in x are zero , i.e
.

x= Im = [B'
'

ob)
- has some zero

components .



Existence of extreme point -

• A polyhedron contains a line if there exists a EP
,

d EIR
"
smh that octad EP for all AER .

A-ERMAN

•¥*tP={xlAxeb} bea non- empty polyhedron.y⑥ The polyhedron has at least
one

extreme point
③ The polyhedron doesnot contain a line

@ There exists n rows of A linearly independent.

• Erny bounded
, non - empty polyhedron has an extremepoint .

• Polyhedron is standard form always has an extreme point.


