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Example of Linear Programming Problem
Using Matlab to Perform Matrix
Calculations
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Problem to be Solved

Maximize Z=4Xx + 9X,
Subject to:

X, <19

1.45x + X, =45
x,-125x <10

and

x =0, x,=z0
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Excel Solver Solution

Maximize Z=4X +9X,
Subject to:

x, <19

1.45x + x, =45

X, —-1.25x <10

and

Xx=0,x=0
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Solver Panel

Optimization Problem - Problem 3 in Q1 - 2015

Excel Setup

x1 17.93
x2 19.00

Decision Variables

Objective Function

4 x1 + 9 x2 242.72

SetObjective: | $BS1Q| g

To: @Max ( 'Min () Value Of:

By Changing Variable Cells:
| $BSS:3BSE ™

Subject to the Constraints:

$BS14 <= SDS14 . Add
$BS15 <= $DS15 »
$BS16 <= 3D316
Change
Delete
Reset AII'
Load/Save
Make Unconstrained Variables Non-Negative
Select a Solving Method: | Simplex LP v| | Options

Solving Method

Select the GRG Nonlinear engine for Solver Problems that are smooth
nonlinear. Select the LP Simplex engine for linear Solver Problems,
and select the Evolutionary engine for Solver problems that are non-
smooth.

Close | | Solve
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Converting Inequality Constraints in LP
Problems to Standard Form

Type of Constraint How to handle
3x, +2x, < 180 Add a slack variable
3x, +2x, = 180 Add an artificial variable
Add a penalty to OF
(BigM)
3x, + 2x, = 180 Add a negative slack and a
positive artificial variable
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SvipinTee

Excel Solver Solution

Original Problem Conversion to Standard Form

o Maximize Z =4x, +9x
Maximize Z=4x +9X, 1 2

Subject to: Subject to:

x, <19 x,+x,=19

1.45x + x, <45 S£1.45x1+x2+x4=45

x,-125x <10 X 1250 tx. 0

and and

e =l 5=l x>0, x,20,x,20,x,20,x, 20

For each inequality constraint of type < we have
added a slack variable

v\
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Initial Table (to get an Initial Basic Feasible
Solution)
Z—4x,—9x,+0x;,+0x, +0x, =0

X, +x; =19 In Z-row bring the right hand
1.45x, +x, +x, =45 side (RHS) terms to the left hand
side of the equation

x,—1.25x,+x, =10

Basic Z X1 X2 X3 X4 X5 RHS
Variable

Z 1 -4 -9 0 0 0 0
X3 0 0 1 1 0 0 19
X4 0 1.45 1 0 1 0 45
X5 0 -1.25 1 0 0 1 10

Initial Basic Feasible Solution (IBFS) is: x; = 0,x2 = 0,x3 = 19, x4 = 45 and x5 = 10.
Value of the objective function Z = 0.
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Iterations (Marching to 2nd Table)

|. Select Pivot column containing Non-Basic variable x2. The coefficient
of x2 in the Z-row is the most negative and hence improves the

solution of Z the most.
2. Take the ratio test. RHS/coefficients in Pivot column.

Basic Z X1 X2 X3 X4 X5 RHS Ratio
Variable test

Z 1 -4 9¥ 0 0 0 0

X3 0 0 1 1 0 0 19 19
X4 0 1.45 1 0 1 0 45 45
X5 0 0) 0) 1

-1.25 1 10/10

Pivot row selected with the minimum ratio of RHS/coefficients in Pivot column
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Iterations (Next Steps)

3.Select the lowest ratio (variable x5 leaves the Basic
Variable set and becomes zero in the next table.

4 Variable x2 enters the solution in the next table.

5.Perform row operations to eliminate all coefficients in Pivot
Column (except the intersection of Pivot column and Pivot
row)

e Multiply row with variable xs (3rd constraint equation)
by 9 and add to Z-row

o Multiply row with variable x5 (3rd constraint equation)
by (-1) and add to second row (first constraint equation)

6.Eliminate all coefficients in the Pivot column except for the
unit value in the Pivot row (see table on next page).
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Matlab Matrix Operations
Use Matlab to perform the calculations

Define a2 matrix a that contains all the coefficients in
the previous table

a=[1-4-9 0000O0
O 0110019
0 1451 0 1 0 45
0 -1.251 0 0 1 10];
Define rows r1, r2 , .. r4 as the rows of matrix a
r1=a(1,:)
r2=a(2,) a(1,:) means select all elements of
r3 =a(3,:) row 1
r4 = a(4,:)
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Matlab Matrix Operations (2)

Perform row operations in matrix a or now in matrices
r1,r2, r3and r4

Basic Z X1 X2 X3 X4 X5 RHS
Variable

b=r4*9 + r1

Equivalent to:
b = Pivot row * (9) + Z-row

Yields:
b=[1-15.250 0 0 9 90]

Replace the Z-row (matrix r1) for matrix b

b=r1
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Matlab Matrix Operations (2)

Perform row operations in matrix a using matrix r2

Basic y4 X1 X2 X3 X4 X5 RHS
Variable
— *(_ ) + Z 1 -15.25 0 0 0 9 90
c=ra(-1)+r2
Xa 0 1.45 1 0 1 0 45

¢ = Pivot row * (-1) + row(2)

Yields:
c=[0 2.7 0 0 1 -1395]

Replace matrix ¢ for second row in matrix a (or r2)

cC=r2
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Matlab Matrix Operations (2)

Perform row operations in matrix a using matrix r3

Basic Z X1 X2 X3 Xa X5 RHS
Variable
— *(_ )+ y4 1 -15.25 0 0 0 9 90
d r4 1 r3 X3 0.0 1.25 0.0 1.0 0.0 -1.0 9.0
s 0 145 1 0 1 0 45
: . 0 -1.25 1 0 0 1 10
Equivalent to: .

d = Pivot row * (-1) + row(3)

Yields:
d=[0 1250 1 0 -19]

Replace matrix d for third row in matrix a (or r3)

d=r3

\ J
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Second Table

The new matrices b, ¢, and d are now
substituted back to form a new matrix a that is
the second table in our problem

a(1,:) = b;
a(2,:) = c;
a(3,:) =d;

The last row in matrix a does not to be re-
defined since it was the Pivot row and was not
modified
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Second Table
a=[1 -1525 0 0 0 9 90 New solution is
0 125010 -19 Coefficient of x| is
0 -1.251 0 0 1 10]; negative
Basic Z X1 X2 X3 X4 X5 RHS
Variable
Z 100 -1525 0.00 0.00 0.00 9.00 90.00
X3 000 125 000 100 0.00 -1.00 9.00
X4 000 270 000 000 1.00 -1.00 35.00
- 0.00 -125 100 000 000 1.00 10.00

New solutionis:x; = 0,x2 = 10,x3 =35, x4 =9 and x5 = 0.
Value of the objective function Z = 90.
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Marching to 3rd Table

| .Select column x| as the Pivot column
2. Take ratio test and select second row as the Pivot
row

3.Perform row operations to eliminate all coefficients of
Pivot column (except the coefficient at the
intersection of Pivot row and Pivot column)

Basic Z X1 X2 X3 X4 X5 RHS Ratio
Variable test
Z 1.00 -1525 0.00 0.00 0.00 9.00 90.00

X3 000 125 000 1.00 000 -1.00 9.00 7.20
X4 0.00 270 000 0.00 1.00 -1.00 35.00 12.96
- 0.00 -1.25 1.00 000 000 1.00 10.00 -8.00
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Marching to 3rd Table
|.To facilitate matters start doing row operations on the second row to
make coefficient at the intersection of the Pivot row and Pivot column
equal to one
2.Divide row (2) by 1.25
Basic Z X1 X2 X3 X4 X5 RHS
Variable
Z 1.00 -1525 0.00 0.00 0.00 9.00 90.00
X3 0.00 1.25 0.00 1.00 0.00 -1.00 9.00
X4 0.00 2.70 0.00 0.00 1.00 -1.00 35.00
- 000 -125 1.00 0.00 000 1.00 10.00
Basic Z X1 X2 X3 X4 X5 RHS
Variable
Z 1.00 -1525 0.00 0.00 0.00 9.00 90.00
X3 0.00 1.00 0.00 0.80 0.00 -0.80 7.20
X4 0.00 2.70 0.00 0.00 1.00 -1.00 35.00
- 000 -125 1.00 0.00 000 1.00 10.00
\ J
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Matlab Matrix Operations

Define a matrix a that contains all the coefficients in
the previous table

a=[1 -1525 0 0 0 9 90
0 10 0.80 0 -0.807.20
0 2700 0 1 -135
0 -1.251 0 0 1 10];

Define rows r1, r2 , .. r4 as the rows of matrix a

r1=a(1,:)
r2 =a(2,:)
r3 =a(3,:)
r4 =a4,:)
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Matlab Matrix Operations (2)

Perform row operations in matrix a (or r1, r3 and r4)

Basic y4 X1 X2 X3 X4 X5 RHS
Variable

Z  1.00 -1525 0.00 0.00 0.00 9.00 90.00
X3 0.00 1.00 0.00 0.80 0.00 -0.80 7.20
Xa 0.00 270 0.00 0.00 1.00 -1.00 35.00
X2 0.00 -125 1.00 0.00 0.00 1.00 10.00

b =r2%(15.25) + r1

Equivalent to:

b = Pivot row * (15.25) + Z-row
Yields:

b=[10 0 122 0 -3.2 199.8]

Matrix b will replace row (1) in the new matrix a
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Matlab Matrix Operations (2)

Perform row operations to eliminate coefficient of cell
In Pivot column on the third row

Basic Z X1 X2 X3 Xa X5 RHS
Variable

Z 1.00 0.00 0.00 1220 0.00 -3.20 199.80
X3 0.00 1.00 0.00 0.80 0.00 -0.80 7.20

270 0.00 0.00 1.00 -1.00 35.00

X2 000 -125 100 000 000 1.00 10.00

c=r2*(-2.7) + r3

Equivalent to:

c = Pivot row * (-2.7) + Z-row
Yields:

c=[00 0 -216 1 1.16 15.50]

Matrix ¢ will replace row (3) in the new matrix a

J
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Matlab Matrix Operations (2)

Perform row operations to eliminate coefficient of cell
in Pivot column in the fourth row

Basic y4 X1 X2 X3 X4 X5 RHS
Variable

y4 1.00 000 0.00 1220 0.00 -3.20 199.80
X3 000 100 000 080 0.00 -0.80 7.20
X4 000 000 000 -2.16 100 1.16 15.56

d=r2%(1.25) + r4

Equivalent to:

d = Pivot row * (-1.25) + Z-row
Yields:

d=[00 1 1 0 0 19]
Matrix d will replace row (4) in the new matrix a

J

CEE 3804 Computer Applications (A.A.Trani)

20



@ VirginiaTech
Invent the Future

Third Table

The new matrices b, ¢, and d are now
substituted back to form a new matrix a that is
the second table in our problem

a(1,:) = b;
a(3,:) = c;
a(4,:) = d;

The last row in matrix a does not to be re-
defined since it was the Pivot row and was not
modified
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Third Table
New solution is

a=[1.000.00 0.00 12.200.00 -3.20 199.80 FELEHTELIN
0.00 1.00 0.00 0.80 0.00 -0.80 7.20 |t
0.00 0.00 0.00 -2.16 1.00 1.16 15.56
0.00 -0.25 1.00 0.80 0.00 0.20 17.20];

Basic Z X1 X2 X3 X4 X5 RHS
Variable

Z 1.00 0.00 0.00 1220 0.00 -3.20 199.80
X1 0.00 1.00 0.00 0.80 0.00 -0.80 7.20
X4 0.00 0.00 0.00 -2.16 1.00 1.16 15.56
X2 0.00 0.00 1.00 1.00 0.00 0.00 19.00

New solutionis: x; =7.2,x2 = 19.0,x3 = 0, x4 =15.56 and x5 = 0.
Value of the objective function Z = 199.8.
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Marching to 4th Table

| .Select column x5 as the Pivot column

2.Take ratio test and select third row as the Pivot row

3.Perform row operations to eliminate all coefficients of
Pivot column (except the coefficient at the
intersection of Pivot row and Pivot column)

Basic Z X1 X2 X3 X4 X5 RHS Ratio
Variable test
Z 1.00 0.00 0.00 12.20 0.00 =-3.20 199.80

- 000 100 000 080 000 -080 7.20 -9.00
X4 000 000 000 -2116 1.00 1.16 1556 13.41

- 000 000 1.00 1.00 0.00 0.00 19.00 inf
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Marching to 4th Table

| .To facilitate matters start doing row operations on the third row to
make coefficient at the intersection of the Pivot row and Pivot column

equal to one
2.Divide row (3) by 1.16
3.Now proceed with row operations for the remaining rows

Basic Z X1 X2 X3 X4 X5 RHS
Variable

1.00 000 000 1220 0.00 -3.20 199.80

Z
- 000 1.00 000 080 000 -0.80 7.20

X4 000 000 000 -186 0.86 1.00 13.41

- 000 000 100 1.00 000 0.00 19.00
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Fourth Table (Optimal Solution)
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a=[1.00 0.00 0.00 6.24 2.76 0.00 242.72 New solution is

0.00 1.00 0.00 -0.69 0.69 0.00 17.93 optimal since all
0.00 0.00 0.00 -1.86 0.86 1.00 13.41 coefficients in Z-row are
0.00 0.00 1.00 1.00 0.00 0.00 19.00]; positive or zero

Basic Z X1 X2 X3 X4 X5 RHS

Variable

Z 1.00 0.00 0.00 6.24 2.76 0.00 242.72

X1 0.00 1.00 0.00 -0.69 0.69 0.00 | 17.93

X5 0.00 0.00 000 -186 0.86 1.00 | 13.41

X2 0.00 0.00 1.00 1.00 0.00 0.00 | 19.00

New solution is: x| =
Value of the objective function Z = 242.72.

17.93,x2=19,x3 =0,x4 =13.4] and x5 = 0.
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Simplex
method moves
from corner
point to

Graphical Solution

30
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25}

20}

Third Fourth
Table Table

15|

Value of x2

* (x1=17.73,x2=19.0)

I Solution Solution
corner POI nt (Optimal Solution)
1
Only corner Tabo
- Solution
points need to
- - . Feasible Region
be investigated
; 2 IBFS
for optimality /
9 5 10 15 20 25 30
Value of x1
J
CEE 3804 Computer Applications (A.A.Trani) 26




