Unbounded Solution
The unbounded solution is explained in the following Example.
Example
Consider the following linear programming problem.
Maximize 5x; + 4x,
Subject to:
X1 — X2 <8
X1 <7
X1, X9 > 0.
Solution :
Introduce the slack variables s; and s, so that the inequalities becomes as
equation as follows:
Xy +S3=7
X1 —Xo+S,=8
X1, X2, S3, S4 > 0.

The calculation of simplex procedures and tables are as follows:

CB Basic G 5 4 0 0
variables | XB X3 X5 S3 S

0 S3 7 1 0 1 0
0 Sa 8 1 -1 0 1
ZJ-L] -5 -4 0 0




CB Basic G 5 4 0 0
variables | XB X Xo S3 Sa

5 X1 7 1 0 1 0

0 Sa 1 0 -1 -1 1

Zj-Cj 0 -4 5 0

Note that z, - ¢, < 0 which indicates x, should be introduced as a basic
variable in the next iteration. However, both y;, <0, y»» <0.

Thus, it is not possible to proceed with the simplex method of calculation
any further as we cannot decide which variable will be non-basic at the next
iteration. This is the criterion for unbounded solution.

NOTE: If in the course of simplex computation z;-¢; < 0 but y; < 0 for all i
then the problem has no finite solution.

But in this case we may observe that the variable x, is unconstrained and can

be increased arbitrarily. This is why the solution is unbounded.

The solutions of the exercises:

Exercise 1: Maximize f(x,y) =5x+y
Subject to
x+2y+z<6
4x + 3y <120
x,y=0

Solution:



The slack equations are:

x4+ 2y + 5, =56

dx +3p+ 5, =120
Fewrite the objective function:
P=5Sx+y = —Sx—y+P =0

The initial simplex tableau:

x » 5 Fuo AL

1 2 1 0 0| &
4 3 0 1 0‘120
—s — F D E| b

The most negative indicator in the last row is - 5 and so the
pivot column is the = columon:

x » s 5,

1 2 1 0 0| &
4 3 0 1 D|120
-5 — 1 0. D 1| o

T_
Pc: 6f/1=6 1204 =30

The smallest non -negative quotient is 6. Pivot about 1 in row 1:

x ¥ 5 s, P

1 2 1 0 0] 6
T N K-
0o 9 s o0 1|30

MNo negative indicators exist and so the maximum has been
reached. The solution is:

Fe=f gpe=iogneri) s =G5 — I

Exercise 2:



Maximize: P =05x+09 y+08z

subject to the following constraints:

x+p+z<150

x=75

p=75

2<75

The slack equations are:

x+y+zts =150

x + 5, =73
¥y + 5, = 35

z +s5, =75

—05x—-09¢y—-08z+ P =0

The initial tableau is:

x ¥ £ & 8 8y 85 P
[l 1 L I 9 00 0130
1 0 ¢ 01 0 0 0|75
0 1 0 0010 0|75
0 0 200 0 1 0|73
=05 =02 =08 0 0 0°0 )| 0
The smallest non-negative quotient is 75 and so pivot about 1
in row 3:
x oy £ 5 3 x5 5P
ik 1 1 1000 0]150]
1 0 0 0 a1 020 0|7
0 1 O B8 1N |0
0 0 e 0k |75
=l =08 =08 O O 00 )] 0
T
p.c
15041, 7511

X ¥ W sesy X Sy B
[ 0 A kB —T =1 0] 25
L @ 0 91 @ @ 9|5
0 12 0 By I U 0|
0 9 = 08 B 1 0]F
05 0 -08 0 0 08 0 1[675

The smallest non-negative quotient is 75 and occurs in rows 1
and 4. Arbitrarily take 1in row 4 pivoting purposes:

¥ ¥ v moss o5 8 R
1 0 1 1 0 =1 =1 9] 35
L. o B Wl 0 Q 0|2
g 1 © 9 < 0 @|%HS
g o 1 0 £ 1 @] %5
(=00 00 =08 0 0 0% B 1]64)
T
B
1571
The resulting tableau is:
X s 8 5 P
1 0010 -1-10| 0
1 2001 0 0 0| 35
R R 1 Q| @3
0 0100 0 0 75
=03 0 0 00 09 08 1)]12375]

The smallest non-negative quotient is 0 and occurs in row 1:

X ® L 53 5 5P
(1 0010 -1-10] 0]
1 0001 0 0 0| 75
0 10 00 31 9 0| F
@ Bd a0 O 1 Bl W
[-05 0 0 0 0 09 08 1]1275]
i
pe

Ol 7341



Prvoting yields the following tableau. Since there are no negative

entries in the bottom row, this tableau gives the solution.

X vy £ s 5, 5, 5 P
(1 00 1 0 -1-10] 0]
G 0 0 el 1 71 1 0] 75
0 1 0 0 1 0 0 75
001 0 0 1 0] 75
(00 0 05 0 04 03 1]1650

Mx. income isf 16500 whenx=0 isin
stocks, y =Rs 75000 isin bonds, and z = $75,000

is in a money market



Exercise 3:
x+y<20

Maximize [ =5x+10y subjectto {2x— y =10
xyz0

Change the second constraint to a =
1+ y=<20
-Ix+ y<-10
x,yz0
Setugp the initial simplex tableau
x | S FRE IEUE
1 1 0 0 20
o7 SRR | 1 0 -10
-5 =10 0 0 1 O
Flimmnate the negative entry m the nght colums:
Look for the "most™ negative entry to the left of the nght column, .. the
fiest ¢ oluman is the prvot column, Since tlere 15 2 pos, tatio, we pivot abowt

e S

the | mrow i,

x* F 5 5 J
T 1 1 0 & 20
N 4 2 o 30
0 -5 5 01 100
The tablean is in standard forrm. Pivotin the second colurmm and
pivot about the 3 i row 2,
x ¥y 5 2 [
1 A 1 0 0 20
0 1 2/3 1/3 0 10
0 -4 5 0 1 100

1 0 1/3 -1/3 0 10
1 243 143, O 10
0 0 25/3 S5/3 1 150




x oy s s; f

1. 1 1 0 0 20
0 1 2/3 1/3 0 10
0 -5 5 0 1 100
I 5 3

1 0 1/3 -1/3 0 10
g 1L 2/ 13 O 10

g 0 283 53 41, 150

The maximum value is 150 when x=10, y=10



