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Summary of the previous lecture

» Algebraic approach for LP solution — Simplex algorithm

o Standard form of LP
* |nitial basic feasible solution
« Entering variable; departing variable

« Optimality condition

e Multiple solutions

 Non-basic variable in the final tableau, with a
coefficient of zero in the Z-row.



Max Z =3X, +5X,
X, <4
2X, <12
3%, +2X%, <18
X =0
Final Tableau (Optimal solution) %, 20
Basis | Row | Z X4 X, X3 X, Xg b,
Z 0 1 0 0 0 3/2 1 36
X3 1 0 0 0 1 1/3  -1/3 2
X, 2 0 0 1 0 1/2 0 6
X, 3 0 1 0 0 -1/3 1/3 2




Example — 1

Maximize

Z =40x, +100x, Objective function

S.1.

10x, +5x, <2500
4%, 4_1())(2 <2000 ~ Constraints
2%, + 3%, <900

-/

X, 20 . .
Non-negativity of decision
X, >0 variables



Example — 1 (Contd.)

The problem is converted to standard LP form

Maximize Z =40x, +100x, +0x, +0x, +0x;
s.t.
10x, +5%, <2500 ——>10x, + 35X, + X, = 2500
4x, +10x, <2000 —— 4x, +10x, + x, = 2000
2% +3X, <900 —> 2x,+3x,+ X, =900
X, =20 X, 20; X,=20

X, 20 X, 20; x,20; x. =20

n= no. of variables =5;: m = no. of constraints = 3



Example — 1 (Contd.) N

lteration-1 Entering variable
|
| v
Basis | Row | Z X4 X5 X3 Xy Xg b; bi/aij

Z 0 1 | 40 100 O 0 0 0 —

X3 1 0 10 S) 1 0 0 [2500| 500

Departing variable

>x | 2 o4 |1 o 1 o 2900‘ 200

/4

X5 3 0 2 / 3 0 0 1 900 | 300
G AN

/ )
Pivot point ‘\;’@/ N




Example — 1 (Contd.)

Iteration-2
Basis | Row X4 X, X3 X, Xg b,
Z 0 0 0 0 10 0 %9(000
X4 1 8 0 1 -1/2 0 1(5/()0
X, 2 4/10 1 0 1/10 O 200
Xe 3 8/10 0 0O -3/10 1 300




Example — 1 (Contd.)

Optimal solution; since all coefficients in Z-row are non-
negative.

Z = 20,000 \/
_ 0 ., Coefficient of x, (a hon
% basic variable) is ze

X, = 200 JL

X, =1500 Multiple solutions exist
X,=0; X, =300

Make x, the entering variable



Departing variable

Example — 1 (Contd.)

Pivot point

lteration-2 Entering variable
|
| v
Basis | Row | Z X4 X, X3 X4 Xg b; bi/a;
Z 0 1 0 0O 0 10 0 |20,000] -
>x | 1 |0 |[(8 o 1 -u2 o] 150 | 15008
/4
Xo 2 O f41d 1 0 1/10 0 | 200 500
Xe 3 84d 0 0 -3/10 1 | 300 375




Example — 1 (Contd.)

Iteration-3
Basis | Row X4 X, X3 X, Xz o]
Z 0 0 0 0 10 0 | 20,000
X, 1 1 0 1/8 -1/16 0 | 1500/8
X, 2 0 1 -1/20 1/8 0 125
Xe 3 0 0O -1/10 -1/4 1 150




Example — 1 (Contd.)

Another solution to the problem is
Z =20,000
X, =1500/8
X, =125
X, =0; X, =0;
Xs =150

Two sets of optimal solution X; and X,
0 M~ T1500/8]
200 — VT

125
Py~

x1=1500/4 X,=| 0

0T L\/\ 0

&
300 77 T 150




Example — 1 (Contd.)

*

X =aX,+(1-a)X,

0< a <1 is also an optimal solution

"0+ (1—a)x1500/8]
200 +(1—ar)x125
X" = 1500 +0
0+0

300¢ +(1—a)x150 |

(1-a)x1500/8

125+ 75
1500
0

150 +150«x




Example — 1 (Contd.)

For example, o = 0.5 will give
X, =93.75

X, =162.5
X, = 130
X, =0
X; =225
Z =40x, +100x,
= 20,000

Z remains same for all solutions



LP — Artificial Variables

« Artificial variables (Big M method):

In case of = and > constraints, artificial variables
are added.

Add artificial variable to constraint.
Penalize artificial variable in the objective function.
Modify row-0 with

E:E—RXC
P

assuming the column of artificial variable as
pivotal column and the constraint containing the
artificial variable as pivotal row.



Maximize

S.1.

Example — 2

Z = 3% +3X, — W) A\

X, <4
2X, <12
3X, + 2X,

X, 20
X, 20

\

%

-~ -
’X\ﬁrqg’q’
Wty =12

~ Constraints

=18

\_/_ g%\’\'?-q\l‘—)_A-[ :)8

Non-negativity of decision \
variables Ar%o,u

\fe28y .

15



Example — 2 (Contd.)

The problem is converted to standard LP form

Maximize Z = 3Xx, +5X,

S x <4 . X, + X, =4

2X, <12 — 2X, + X, =12
3X, +2X, =18 ——> 3x,+2X, =18
X, 20 X, 20; x,20
X, 20 X, 20; x, 20

n= no. of variables = 4: m = no. of constraints =2



Example — 2 (Contd.)

No Initial basic feasible solution I1s available for this
problem.

Add artificial variable to constraint 3
L —-3X —9X,+MxA =0
3X, +2X,+ A =18

Transformation of coefficients in row-0



Example — 2 (Contd.)

L —-3%—5X,+M xA =0
3X, +2X,+ A =18

X4 X, X3 X, A b
-3 -5 0 0 M 0 ~
3 2 0 0 1 18
IS i} M- D =
/\)\ E:E—RXC R=M;P=1
JAN \(\ P
AN /,
X p
-3M-3  -2M-5 0 0 0 -18M

18




