A Simple Production Model (tutor(1)

Problem: [[This part of the documentation is intended to briefly explain the problem.]] A firm
produces two type of robots called Marie and Jules. Three production steps must be carried out:

1.

3.

Production of the components: It takes 5 hours for each robot Marie and Jules, with a
total capacity of 350 hours per week,

Mounting (capacity = 480): It takes 4 hours for mounting one robot of type Marie and 8
hours for one robot of type Jules,

Testing (capacity = 300): It taks 6 hours for one Marie and 2 hours for one Jules.

The revenue for Marie is $300 and for Jules $200. There are already 20 robots of type Marie
and 15 Jules ordered. How many robots of each type can be produced per week, if the firm wants
to maximize the selling revenue (costs are not considered in this simple problem)? ([2]).

Modeling Steps: [[This part of the documentation explains how the problem can be translated

into a mathematical model.]]

1.

Let’s introduce two variables: x and y for the quantity (per week) of the two types of robots
to be produced.

The components-step has a capacity of 350 hours per week. A unit of robot Marie takes
5 hours, a robot Jules also takes 5 hours. Hence we have (the component capacity per
week):

Sx + 5y <350

. The mounting-step has a capacity of 480 hours per week. A robot Marie takes 4 hours, a

robot Jules takes 8 hours. Therefore:

4x + 8y < 480

The testing-step has a capacity of 300 hours per week. A robot Marie takes 6 hours, a
robot Jules takes 2 hours. Therefore:

6x + 2y < 300

. At least 20 of type Marie and 15 of type Jules must be produced, hence:

x>20, and x>15

6. Maximizing the revenue is :

max 300x + 200y

The complete problem to solve is then as follows:

max 300x + 200y

subjectto 5x + 5y <350
4x + 8y < 300
6x + 2y <300

x>20 y>15
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https://matmod.ch/getmodel.html?lplfile=tutor01.lpl

Further Comments: In a graphical way, the model represents the solution space as shown in
Figure 1. That is, every (x, y)-point within the gray polygon represents a possible (feasible)
production that fulfills all constraints. All other points in the two-dimensional space violate at
least one of the constraints.
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Figure 1: The Feasible Space (grey)

Listing 1: The Complete Model implemented in LPL [2]

Vﬁodel TUTORO1 "A Simple Production Model (tutor)"; 1
variable x; y;
constraint
Component: 5xx + 5xy <= 350;
Mounting: dxx + 8xy <= 480;
Testing: 6+xx + 2xy <= 300;
Orderl: X >= 20;
Order2: y >= 15;
maximize revenue: 300xx + 200x*y;
Writep (x,V);
end
S |
LPL Modeling Steps

[[The goal of this tutor is mainly to explain the syntax of LPL. It is done in this text block.]] A
LPL coded mathematical model [2] is very close to the usual mathematical notation. However,
we have some additional elements to code:

1. Each model coded in LPL begins with a keyword mode1 and ends with end. (Keywords
are all in lowercase.)

2. The code consists of a sequence of entity declarations and statements.

3. Each entity declaration begins with a keyword and ends with a semicolon.
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There are four kinds of entities in this model: model, variable, constraint, and
maximize. There is no need to repeat the keywords variable or constraint for
consecutive entities of the same type. Therefore variable introduces a list of two vari-
ables.

constraint introduces the model constraints. Each constraint then begins with a name.
Then follows a colon and the constraint expression.

The objective function, with the name revenue, begins with maximize.

Finally, we want to output the solution with the function Writep.

Solution: [[This part of the documentation is intended to give a short comment about the solution
of the model.]] The optimal solution is x = 40 and y = 30, which can be verified by Figure 1. It
means that neither the quantity of x nor the quantity of y can be increased without violating one
of the capacity constraint. (Well, we could augement the quantity of one variable at the expense
of the other quantity in this case, but the overall revenue will always be smaller.) On the other
hand, a reduction of one of the quantities is “suboptimal”: it reduces the revenue, and hence
it is no longer maximized.

Questions

1.

Verify the solution of this model by running it. (Click the link TUTORO1 at the top of this
model description to run the model in the Internet.)

What happens if we extend the Mount ing capacity from 480 to 5007

. We must produce 45 unit of Jules instead of 15. How must the model be changed?

Besides the three production steps, there is a fourth task: “storage”. The company has a
storage capacity of 300 storage units and each Marie uses 7 and each Jules uses 2 storage
units. Add this requirements to the model and solve the problem again. Does the new task
influence the result?

Answers

1.

Locally, run 1plw.exe. Choose Menu “File/Open” and open the file tutor01.1pl.
Now choose Menu "Run/Run Model". Click the tab "TABLE’, and then click on the red
node ’x’ in the left part in the LPL application. The value 40 is displayed. Now click
on the node ’y’, the value 30 is displayed. OR: Click the red link called “tutorO1” at the
beginning of this section. The model opens in a Web browser. Click “Run and Solve”.

. Nothing happens! The solution is still {x = 40,y = 30}. This can be seen immediately

from Figure 1: The Mounting capacity is not the limiting resource. So, extending it,
does not change anything. To verify this, change 480 to 500 in the model and run it. Then
look at the values of the variables again.

. Change the constraint Order2 to y >= 45. Then run the model again. The solution

indicates that 45 units of Jules are produced, but the number of Marie drops to 25, and the
overall revenue also drops to 16500. This can be seen by clicking the blue node revenue
while "TABLE’ is the active tab.



4. The storage requirement can be added to the model by defining an additional constraint,
which is

\ constraint Storage: Txx + 2xy <= 300;

The optimal solution is: 32 of Marie and 38 of Jules. Hence, the storage capacity limits
the production substantially.
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