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In the last lecture , we have shown that when the simplex
method terminates

,
it does so with a correct answer .

But : does simplex terminate always ?

- No .

We have seen an example previously where the pivoting did not

change the bfs . This happens when several bases correspond
to a single bfs .

This degenerate pivoting step may potentially lead to cycling .

live will now see a pivoting rule that prevents cycling .

Bland 's rule :

-
-
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Choice of entering /
If there are several possibilities} : choose the variable with the

leaving variable smallest index
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Thien : the simplex method Keith Bland 's pivoting rule terminates .
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Suppose simplex with Bland 's rule for the entering and leaving variables

does not terminate .

There is a cycle of tableau :

Nl
Nv

,

T
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nu¥ ↳ "mi
f i
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Claim -1 : { No
, , Nva, . . . Run }

= { Nu, , Ruz , . . . , Huh }

Nui leaves the ban's at Bi Bi→
Nuit.

In the path from Bin ~> Bi baek do Bi
,
somewhere

Ui has entered the basis again; because Mi c- Bi
.

- : Nyi c- { 94 , nv< . .
. My }
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Claim -1 : { No
, , Nva, . . . Run }

= { Nu, , Ruz , . . . , Huh }

Nui leaves the ban's at Bi Bi→
Nuit.

In the path from Bin ~> Bi baek to Bi
,
somewhere

Ui has entered the basis again; because Mi c- Bi
.

- : Nyi c- { 94 , nv< . .
.

Rv
,
}

{ Nu
, ,
Muz . - . Run} E { Mv

, ,
Muz . - - My }

Similar for Mu 's. {My , My ,
- ^ . Mme } C- {Nu

, ,
- - My}

i. Let us call F = { Nv
, , Nue ,

- a

, Nye } = { nu
, , Muz, . . . , Nuh}
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Claims : The cost is the same in every tableau in

the cycle .

At each pivot step the cost can be greater than or equal
to

current lost
.

i. A strict increase of cost is not possible inside the cycle .
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Claims , The bfs is the same for all the tableau in the

cycle .
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Consider My, Which enters basis Bz

.

The highest constraint is given by Mu , : the constraint

should be of the form?

My
,
= 0 1- - - -

- ✗ My -1 - - - - ✗ > 0

After rewriting; we have the following constraint on Ba :

Ny
,

= 0 + - - - - -

Yu, +
-
- -

- When Nu , -_o , we also

have Mv
,
=D



Any other equation kiould look like this :

In Bi

Ne = Pe + -
-
-
+ pay, + - - -

In Bz :

Re =

pe + - - - + p( 0 + - - - - -

Hu, +
-
- -

-
l t - - - .

When all variables in Nz are made 0
,

the quantity :

0 + - - - - -

Yu, +
-
- -

-

remains 0
.

i. Me has same value in Bz as Well .



In this bfs which is the same in allUaim
the tableau, of the cycle/

variables in F have value 0
.

NF =D

F = { Nv
, , Nva, . . Huh ] = & Nui , Ruz ,

- - n
, Nute }

Consider Mui Bi→ Bit ,
Tmi

Nui c- Ni
-

=
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But we the same bfs everywhere .
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in the bfs of the cycle .



Consider the variable Rv C- F with the highest index
.

Suppose Nu enters the basis at B
,

and Mu leaves at B
'
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Since we choose Nu over other variables in F ,

and Nv has highest index
, Bland 's rule should

imply that :

the coefficient of Nui =\ nu , nu, c- F> should
be
negative in

the

cost now .



r

B :

*¥→*→
F ↳

Consider the toll . auxiliary LP :

maximize in

subject to : An =b

✗
Nlf

= 0

The £0

✗
Flu I

0

Tableau B corresponds to the same set of equations
An=b

.

i. The cost function INhien is written in terms of
variables N is the actual cost fn . On .
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t.FM#:*--.m--
Consider the toll . auxiliary LP :

maximize in

subject to : An =b

✗
Nlf

= 0

The £0

✗
Flu 30

AIM : The aux . LP is bounded by Lo
.

Because : cost = 20 1- I + Ipos. coeff . ) nu
some fn . in terms

of f) {v3 inhere 1- (#
Coefficients are

- ive some fn . involving.
NN )-5

In every feasible 801h . NNyp=o
✓

Nv £0 Mr
cannot be increased above 0 .

New 30 Increasing these variables only
reduces the cost .

20 is obtained by setting Nfyu = 0
, Mu -01 NN\F=°

-
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. Optimum not aux . LP £ Zo
.



Maximize in

Now consider the

subject to : An =b
tableau B

'

from where

the variable Nu leaves Unr. = 0

the basis
.

no £0

✗
Flu I

0

Ctaim : B
'

proves that the aux .
LP is unbounded ,

i)
"
U c- F) 1ms . Increasing M will increase

variables in F- that are also in B
,
,

except for % .

this is because
,

Hye choose Mr to leave the basis .

Hence Bland 's rule will imply that all variables of F
have a

'

non -negative coefficient
in the nu column of B ?



Notice that the aux . Lp
maximize in

has no constraint on NB 's ,= . subject to : An =b
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Moreover there is no constraint on Up'\f

Increasing Nu arbitrarily increases cost arbitrarily, and still

gives feasible sons to the aux . LP .



Kadiri :

i) Tableau B proves that aux . LP .

is bounded .

Ii ) Tableau 13
'

proves that aux . LP . is Unbounded .

Using Bland's rule

80 our assumption that simplex ndoes not terminate is false .


