
Lecture X - Intermission: Exam Preparation

Applied Optimization with Julia

Dr. Tobias Vl�ć ek

Intermission

Today’s lecture
• Today’s le�ture is a little bit different
• Manage your expe�tations
• Give you a better idea of what to expe�t from the exam
• We will go through some examples together!

Exam’s structure
• Exam �onsists of three parts
• Free modelling, questions, Julia �oding
• Ea�h point �orresponds to approximately 1 minute of work

. . .

! Important

You �an take a handwritten DIN A4 sheet of paper with you!

Exam Preparation Checklist

 Before starting the exam:

• ☐ Review modeling notation �onventions
• ☐ Pra�ti�e writing sets, parameters, and variables
• ☐ Review �ommon �onstraint patterns
• ☐ Pra�ti�e Julia syntax
• ☐ Prepare your DIN A4 �heat sheet
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Part I

1.a (6 Points)
A �ompany that ships i�e �ream wants to maximize their profit. It �an do that by
transporting its different sorts of i�e �ream from their only produ�tion fa�ility to several
supermarkets.

Ea�h delivered sort of i�e �ream makes the i�e �ream �ompany a different profit per
unit. The transportation �osts per tru�kload are totally negligible as is the routing, as
all supermarkets are lo�ated very �lose to ea�h other. The �ompany should maximally
deliver the agreed number of units of ea�h i�e �ream sort to ea�h individual super7
market.

To do so, the �ompany owns one tru�k whi�h has a fixed total �apa�ity for a number
of units of i�e �ream. Note, that ea�h unit of i�e �ream �onsumes a different amount
of spa�e in the tru�k! The required spa�e for ea�h unit of i�e �ream is given for ea�h
sort. The optimal number of units from ea�h sort to ship to ea�h supermarket should
be �omputed by the model.

Define all sets, parameters and variables required to model the problem des�ribed
above. Sele�t a suitable notation of your �hoi�e. Make sure to expli�itly state in your
notation whi�h elements are sets, parameters and variables.

 Tip

Note that the problem does not have to be modeled yet!

# Your answer here
|
|
|
|
|
|
|
|
|
|
|
|
|
|

1.b (2 Points)
Please define the obje�tive fun�tion to model the des�ribed problem based on your
defined notation.
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 Tip

If you need additional sets, parameters or variables that are not yet defined, please
define them as well.

# Your answer here
|
|
|
|
|
|
|
|
|
|
|
|
|
|

1.c (4 Points)
Please define all ne�essary �onstraints and the variable ranges to model the des�ribed
problem based on your notation.

 Tip

If you need additional sets, parameters or variables that are not yet defined, please
define them as well.

# Your answer here
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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1.d (2 Points)
Is the model formulation a linear problem with binary variables?

Please explain your answer briefly.

# Your answer here
|
|
|
|
|
|
|
|
|
|
|
|
|
|

1.e (8 Points)
The supermarkets are furious be�ause the �ompany doesn’t always deliver the agreed
tru�kloads of i�e �ream. Therefore, they want to penalize the �ompany in the future, if
it delivers less than the agreed amount. For ea�h demand of a supermarket that �ould
not be fulfilled, the �ompany will have to pay a one7time fee for the i�e7�ream sort.

How �an you expand your model to refle�t this new situation? Write down all additional
or modified sets, parameters, variables, �onstraints and the obje�tive fun�tion while
des�ribing ea�h with a few words.

 Tip

Note, that you only need to write down new and modified elements!

# Your answer here
|
|
|
|
|
|
|
|
|
|
|
|
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|
|

1.f (8 Points)
Next to the produ�tion fa�ility of the i�e �ream �ompany sits a �ompany that sells
frozen fish. Due to de�lining fish sto�ks in the o�ean, the �ompany does not need all
of its tru�ks. It offers to rent their tru�ks for a �ertain pri�e to the i�e �ream �ompany
so it �an transport more i�e �ream. These tru�ks have twi�e the �apa�ity of the tru�k
�urrently in use by the i�e �ream �ompany.

How �an you expand your model to refle�t this new situation? Write down all additional
or modified Sets, parameters, variables, �onstraints and the obje�tive fun�tion while
des�ribing ea�h with a few words.

 Tip

Note, that you only need to write down new and modified elements! If you haven’t
solved the previous task, work with the model defined before.

# Your answer here
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Part II

2.a (3 Points)
What is the goal of the Territory Design Problem (Distri�ting Problem)?

Please answer in 273 senten�es.

# Your answer here
|
|
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|
|
|
|
|
|
|
|
|
|
|
|

2.b (3 Points)

𝑡𝑚𝑖 A B C D

1 0 0 1 1

2 1 0 1 0

3 1 0 0 1

4 1 0 1 1

5 1 1 0 1

6 1 1 0 1

Please �ompute the �oappearan�e matrix that results from these transa�tions.

# Your answer here
|
|
|
|
|
|
|
|
|
|
|
|
|
|

2.c (2 Points)
Briefly explain in 273 senten�es what a global optimum in an optimization problem is.
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# Your answer here
|
|
|
|
|
|
|
|
|
|
|
|
|
|

2.d (3 Points)
Name three optimization problems, e.g. Knapsa�k Problem.

You are wel�ome to answer this question in bullet points.

# Your answer here
|
|
|
|
|
|
|
|
|
|
|
|
|
|

2.e (4 Points)
Explain briefly in 273 senten�es what so7�alled “Big7M” �onstraints �an be used for in
mathemati�al modeling.

# Your answer here
|
|
|
|
|
|
|
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|
|
|
|
|
|
|

Part III

Hints

 Programming Tips

• Pay attention to variable names and �onsisten�y
• Che�k for proper pa�kage imports
• Verify array indexing
• Remember to use the �orre�t �omparison operators
• Make sure to use proper JuMP syntax

3.a (7 Points)
The following Julia �ode �ontains seven errors. Highlight the errors in the �ode and
briefly des�ribe what would need to be done to �orre�t them.

 Note

Assume that all variables �ontaining data are loaded �orre�tly, e.g. availablePanels
and requestedPanels are already defined.

# Load the necessary packages
using JuMP
using HiGHS

# Define the size of the problem instance
nrSuppliers = length(availablePanels)
nrCustomers = length(requestedPanels)

# Create model instance
transport = Model(HiGHS.Optimizer)

# Define variable
@variable(transport_model, X[i = nrSuppliers,j = 1:nrCustomers], Bin)

# Define objective
@objective(transport_model, Max,
    sum(travelCosts[i,j]* X[i] for i in 1:nrSuppliers, j in 1:nrCustomers)
    )
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# Define the constraints
@constraint(transport_model,
    restrictAvailable[i=1:nrSuppliers],
    sum(X[i,j] for j in 1:nrCustomers) <= available[i]
    )
@constraint(transport_model,
    restrictDemand[j=1:nrCustomers],
    sum(X[i,j] for i in 1:nrSuppliers) === requested[j]
    )
# Start optimization
start_optimization(transport_model)

# Your answer here
|
|
|
|
|
|
|
|
|
|

3.b (4 Points)
In an optimization model, the following equations are given:

∑
𝑚∈ℳ

7*𝑈𝑔𝑚*𝑇𝑚 − ∑
𝑘∈𝒦

𝑅𝑘 ≤ 𝐷𝑔 ∀𝑔 ∈ 𝒢

Please define the equations in �orre�t Julia syntax.

 Note

Assume that all required sets, variables, and parameters have already been defined.

# Your answer here
|
|
|
|
|
|
|
|
|
|
|
|
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|
|

3.c (2 Points)
For an optimization model the following binary variable is supposed to be �reated:

𝑋𝑖,𝑗 where 𝑖 ∈ {1, 2, ..., 10} and 𝑗 ∈ {1, 2, ..., 5}.

Spe�ify the definition of the variable in �orre�t Julia syntax.

# Your answer here
|
|
|
|
|
|
|
|
|
|
|
|
|
|

3.d (2 Points)
What is the differen�e between a linear and a nonlinear problem? Please des�ribe the
differen�e in a few senten�es.

# Your answer here
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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Wrap Up

Key Takeaways

! Remember

• Time management is �ru�ial
• Read questions �arefully
• Des�ribe your work �learly
• Use your �heat sheet strategi�ally
• Double7�he�k your answers if time permits

The end

 And that’s it for todays le�ture!

We now have �overed the stru�ture of the exam and you have a better idea of
what to expe�t from the exam. In our up�oming tuorial, we will go through some
additional examples and pra�ti�e tasks.

Questions?

Literature

Literature I
For more interesting literature to learn more about Julia, take a look at the literature
list of this �ourse.

Bibliography
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