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ABSTRACT

In this paper, a mathematical model is prepared for solvingoptimal mix of two or more products to maximize the
contributionof linear programming problemusing graphical method. An optimization is founded by solving LPP
both by manually and technically as an excel solver software. We get the basic feasible solution of LPP and
trying to maximize the production with limited time hourand limited contribution.For Linear programming
based optimization problems, Solver makes Linear programming very easy. It can forget difficult Simplex
methods and Graphical methods. Solver takes care of the Mathematical programs of the Linear programming
problem to be able to use solver we need to ensure to solver has been installed. Number of techniques can be
used but an excel solver is readily available in any windows platform with easy to use with accuracy result.
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. INTRODUCTION

Linear programming is a tool for solving optimization problems in industries as diverse as banking,
education, petroleum, forestry and trucking.In a linear programming model the decision variables should
completely describe the decision to be made.

An Operation research deals with optimum feasible result by number of methods which saves time,
costs, less raw material. Operation research is a business based model.Optimization is a relevant topic and can
be said as a way or root of life with finite resources and limited time. For solving supply chain problems uses
time productively we use optimization. It is interesting and key topic for data science.

Let us consider a problem maze Furniture’s makes chairs and tables that have to be processed through
two machines M1 and M2. The time in hours required to make one table and one chair are given below.

Total of 200 hours are available on Machines M1 and 400 hours on M2. Contribution from the sale of a
chair is Rs 30 and from a table is Rs 40. Determine the optimal mix of tables and chairs so as to maximize the
contribution.

Formulate the problem:
Maximize Z=40x+ 30y
Subject to constraint

X + 4y <200

5x + 5y <400

x>0,y>0

Manually solved

To solve above we need to understand that this is classical and simple LPP.

The objective is clear we need to maximize the contribution the decision variables, number of tables and chairs
to be made and the constraints of the capacity of machines M1 and M2,

Given
X y
7 4 < 200
5 5 < 400
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1 0 > 0
0 1 > 0
Convert all the constraints inequality to equality.
X y
7 4 = 200 | [1]
5 5 = 400 | [2]
1 0 = 0 | [3]
0 1 = 0 | [4]
INTERCEPTS
X Y
0 50
28.57143 0
0 80
80 0
1 0
0 1

Chart for maximize the contribution
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Using excel-sheet feasible solution is founded by plotting graph of all three equations.
Series 1 shows equation [1] with blue line

Series 2 shows equation [2] with orange line

Series 3 shows equation [3]with gray line
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Chart for maximize the contribution
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Maximize Z=40x + 30y

X Y Z
P 28.571 0 1142.84
Q 0 0 0
R 0 50 1500

Thus by manually we obtained contribution of Rs 1500.

Now by Excel Solver

Machine Table Chair
M1 7 4
M2 5 5

[A] Formulate part
Step 1. Initially put decision variables.

Table Chair Total
Decision Variable
Contribution 40 30
M1 7 4 200
M2 5 5 400

Step 2. Now to Formulate. Next contribution that has been given to us i.e., tables makes us 40 Rs and chair
makes us 30 Rs. Total contribution is equal to contribution of one table multiply by number of tables to
contribution of one chair multiply by number of chairs.

T
Table Chair Total
DEC.ISW“ =C59*C58+D59*D58
Variable
)ontribution 40 30 0
M1 7 i} 200
M2 5 5 400
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Step3. First contribution is the capacity of machine M1-----
Each table on M1 needs 7 hours and each chair on M1 needs 4 hours. The total capacity used is equals to the
time taken by 1 table multiply by number of tables addition with time taken by 1 chair multiply by number of

chairs.

Similarly,

Each table on M2 needs 5 hours and each chair on M2 needs 5 hours. The total capacity used is equals to the
time taken by 1 table multiply by number of tables addition with time taken by 1 chair multiply by number of

chairs.
Table Chair Total
Decision
Variable
Contribution 40 30 0 ‘ =C61*C58+D61*D58
M1 ‘ =(C62*C58+D62*D58
M2 5
Thus we obtained;
Table Chair Total
Decision Variable
Contribution 40 30 0
M1 7 4 0
M2 5 5 0
Step 4. Now Add the available capacityi.e., maximum capacity of M1 is 200 and M2 is 400.
Table Chair Total Max Capacity
Decision Variable
Contribution 40 30 0
M1 7 4 0 200
M2 5 5 0 400
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Step 5. Now the solver part on excel-sheet
Move to Data in menu-bar then click to solver we get

8 < D E F G H | solver Parameters X
Machine Table Chair
M1 7 4 Set Objective: $H$50 ]
M2 S S To ® Max O Min O value of: 0
Table Chair Total | Max Capacity By Changing Variable Cells
Decision 55
Variable
a = Subject to the Constraints:
Contribution| 40 30 0
Add
m1 7 4 0 200 p—
M2 5 5 0 400
Delete
Reset All
Load/Save
Make Unconstrained Variables Non-Negative
Select a Solving GRG Nonlinear v Options
Method:
| Solving Method L
Sheet2 | Sheet1 | Sheet3 | Select the GRG Nonlinear engine for Solver Problems that are smooth nonlinear. Select the LP Simplex engine
o for linear Solver Problems, and select the Evolutionary engine for Solver problems that are non-smooth.
. 9
O Type here to search i
Next
For set objective Total cost is maximize i.e., yellow portion
Also for changing variable cell select table and chair of decision variable i.e., green portion
°| Solver Parameters X
Get & Transform Connections Sort & Filter
e I Set Objective: $F$59| =75
. B C D E F G H To: (®) Max O Min (O value Of: 0
Maximize Z= 40 x + 30y By Changing Variable Cells
$C$58:5D858 £
Machine Table Chair ] ]
Subject to the Constraints:
M1 7 4
Add
M2 5 5
Change
Table Chair Total | Max Capacity
Decision Dl
Variable
Contribution| 40 30 0 E=ziAl
Load/Save
M1 7 4 0 200 . . .
Make Unconstrained Variables Non-Negative
M2 5 5 0 400
Select a Solving GRG Nonlinear i Options
Method:

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.

Sheet2 | Sheet1 | Sheet3 1 Help Close
sovered
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Press Add
Maximize £=40x+30y

Machine | Table | Chair

M1 1 4
M2 5 5
Add Constraint X
Table | Chair || Total |Max Capacity
.\ Cell Reference: Constraint:
Decision — < —
Variable e & | |v| E
Contribution 40 30 0
oK Add Cancel
M1 1 4 0 200 .|
w5 s o wm |

Then after we obtained after pressing ok button.

Get & Transform Connections Sort & Filter Data Tools Forecast Qutline L Analy

o fi Solver Results X
B c D E F G H  Solver found a solution. All Constraints and L
optimality conditions are satisfied. Reports
Table | Chair Total | Max Capacity P —— Answer
. ®Keep Solver Solution: Sensitivity
Decision i S —— i
. imits
Variable 0 50 O Restore Original Values

Contribution| 40 30 1500

[[IReturn to Solver Parameters Dialog [JOutline Reports

(0] 4 Cancel | Save Scenario...

Solver found a solution. All Constraints and optimality conditions are satisfied.

M1 7 4 200 200
M2 5 5 250 400

When the GRG engine is used, Solver has found at least a local optimal solution. When Simplex LP is used, this
means Solver has found a global optimal solution.
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Answer Report
Al < J Microsoft Excel 16.0 Answer Report

A B C D E F G H |
Lﬂjcrosoﬂ Excel 16.0 Answer Report

Worksheet: [trial (version 1).xIsb]Sheet3

Report Created: 2/22/2023 6:32:03 PM

Result: Solver found a solution. All Constraints and optimality conditions are satisfied.

Solver Engine
Engine: GRG Nonlinear
Solution Time: 0.015 Seconds.
Iterations: 3 Subproblems: 0

0 ~N OV AW N

9 |Solver Options
10 Max Time Unlimited, Iterations Unlimited, Precision 0.000001

11 Convergence 0.0001, Population Size 0, Random Seed 0, Derivatives Forward, Require Bounds
12 Max Subproblems Unlimited, Max Integer Sols Unlimited, Integer Tolerance 1%, Assume NonNegative
13
14 |Objective Cell (Max)
15 Cell Name Original Value Final Value
16 SFS59 Contribution Total 0 1500
17
18
19 |Variable Cells
20 Cell Name Original Value Final Value Integer
21 $CS58 Decision Variable Table 0 0 Contin
22 SDS58 Decision Variable Chair 0 50 Contin
| Sheet2 | Sheet1 | Answer Report 1 | Sheet3 | @

Sensitive Report

Al - Je | Microsoft Excel 16.0 Sensitivity Report
A B C D E F G H

1 ln_lcrosoft Excel 16.0 Sensitivity Report

2 Worksheet: [trial (version 1).xIsb]Sheet3

3 Report Created: 2/22/2023 6:33:34 PM

4 o

5 o

6 Variable Cells

7 | Final Reduced

8 Cell Name Value Gradient

9 = $C$58 Decision Variable Table 0 -12.5

10 SDS58 Decision Variable Chair 50 0

11 |

12 Constraints

13 | Final Lagrange

14 | Cell Name Value Multiplier

15 $F$61 M1 Total 200 7.5

16 | SF$62 M2 Total 250 0

17
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Limit Report
A B C (9] o F G H J K
1 @crosoﬂ Excel 16.0 Limits Report
2 Worksheet: [trial (version 1).xIsb]Sheet3
3 Report Created: 2/22/2023 6:34:39 PM
4
5
6 Objective
7 Cell Name Value
8 SFS59 Contribution Total 1500
9
10
11 Variable Lower Objective  Upper Objective
12 Cell Name Value Limit Result Limit Result
13 SCS58 Decision Variable Table 0 0 1500 0 1500
14 SDS58 Decision Variable Chair 50 0 0 50 1500
15

. CONCLUSION
Usingmathematical model, we have contributed less amount with limited time to get good production of
furniture’s. As per solution we should make 50 chairs and no table and we will have the contribution of Rs
1500.We will completely utilize the capacity on machine M1 and we will utilize 250 out of 400 hours available
on M2. Thus we obtained Answer report, sensitive report and limited report.
Thus the optimal mix of tables and chairs so as to maximize the contribution is done with graphical and
solver method for solving LPP.
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