
Lecture I - Welcome and Introduction

Applied Optimization with Julia

Dr. Tobias Vl�ć ek

About this Course

About me
• Field: Optimizing and simulating �omplex systems
• Languages of �hoi�e: Julia, Python and Rust
• Interest: Modelling, Simulations, Ma�hine Learning
• Tea�hing: OR, Algorithms, and Programming
• Conta�t: tobias.vl�ek@uni-hamburg.de

. . .

 Tip

I really appre�iate a�tive parti�ipation and intera�tion!

Course Structure

Lectures
• Every Tuesday between 10.15 AM and 11.45 AM
• First four le�tures repeat modelling and programming
• Later le�tures dis�uss pra�ti�al problems and implementation
• Le�tures are intera�tive → We dis�uss approa�hes!
• Communi�ation takes pla�e via OpenOlat and E-Mail

Tutorials
• Tutorials every Friday between 8.15 AM and 9.45 AM
• In these tutorials we are working on assignments
• Please bring a laptop with Windows, ma�OS, or Linux!
• This Friday there is no tutorial!

Assignments
• Based on applied problems of the le�ture
• Up to 3 students �an solve assignments together
• Submitted solutions earn bonus points for the exam
• Max. 0.5 point per tutorial
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. . .

 Note

Bonus points only �ount if the mark is at least 4.0!

Course Objective

Applied Optimization
• Real-world problems �an be addressed with models
• Our obje�tive is to foster your interest in the topi�
• Enable you to re�ognize and solve problem stru�tures
• In�ludes problem understanding and implementation

Research in Operations Research
• Part of the University of Hamburg Business S�hool
• Aiming to solve real-world problems
• Or improving our theoreti�al understanding
• Publi�ation in journals and �onferen�es

. . .

 Note

We are also happy to supervise Ba�helor and Master theses!

National and international journals
• European Journal of OR
• Journal of the Operational Resear�h So�iety
• Journal on Applied Analyti�s
• Management S�ien�e
• Operations Resear�h
• OR Spe�trum

Real-World Applications

Brewery Production Planning
M. Mi�kein, M. Ko�h, and K. Haase [1]

Police Service District Planning
T. Vl�ć ek, K. Haase, M. Fliedner, and T. Cors [2]

Venue Seating under COVID-19
Usama Dkaidik and Matthes Ko�h; Current resear�h with a likely paper submission in
2024
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Metro Inflow Management
T. Vl�ć ek, K. Haase, M. Ko�h, L. Dolz, A. Weygandt, and J. Pape [3]

Split-Order Minimization
T. Vl�ć ek and G. Voigt [4]

Crowd Management
K. Haase et al. [5]

Lecture Preview

Part I
1. Wel�ome and Introdu�tion
2. First Steps in Julia
3. Pa�kages and Data Management
4. Modelling with JuMP

Part II
5. Beer Produ�tion Planning
6. Minimizing Split Orders in E-Commer�e
7. Periodi� Library Routing
8. Poli�e Distri�ting

Part III
9. Safety Planning for the Islami� Pilgrimage in Me��a

10. Passenger Flow Control in Urban Rail
11. Arena Seat Planning under Distan�ing Rules
12. Sales For�e Deployment for Teams
13. Re�ap and Dis�ussion
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Julia Programming Language

Choice of Programming Language

. . .

Question: Have you ever heard of Julia?

Why Julia?
• Designed to be:
‣ as general as Python
‣ as statisti�s-friendly as R
‣ as fast as C++!

. . .

 Tip

Allows for fast data workflows, parti�ularly in s�ientifi� �omputing!

Syntax
• Dynami�ally-typed syntax just like Python
• Similar to R, Matlab and Python - not like C++
• In �omparison, a��essible and easy to learn!
• No need to worry about memory management!

4



JuMP
• Pa�kage for algebrai� modeling in Julia
• Simplifies solving �omplex optimization problems
• Provides a high-level, user-friendly interfa�e
• Useful for operations resear�h and data s�ien�e

. . .

 Tip

JuMP is an alternative to Pyomo, GAMS, and AMPL!

Must it be a new language?
• Yes, but no need to worry!
• Julia is quite similar to Python and R
• We will learn the syntax together in the first part
• It is helpful to swit�h languages from time to time

Algebraic Modeling

Do you have

experien�e with

algebrai� modeling?

What is algebraic modeling?
• A “mathemati�al language” for optimization problems
• Allows for des�ribing �omplex systems and �onstraints
• Based on linear algebra (Equations and Inequalities)

. . .

How to learn algebraic modeling?
• Pra�ti�e, pra�ti�e, and pra�ti�e!
• Understand standard models and their approa�h
• Develop an understanding of �onstraints
• Understand the stru�ture of a models solution spa�e
• Use an available algorithms to determine solutions

Central Questions
• What is to be de�ided?
• What is relevant to the de�ision?
• What information is given and relevant?
• What parameters (data) are needed?
• Whi�h variables and of whi�h type are needed?
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. . .

 Tip

Modeling is a �reative pro�ess!

Model Components
1. Obje�tive fun�tion
2. Constraints
3. Variables

. . .

 Note

We will go through these �omponents step by step in ea�h le�ture!

Linear Optimization Model
Basic Model Formulation

maximize 𝐹 = ∑
𝑗∈𝒥

𝑐𝑗 × 𝑋𝑗

subje�t to

∑
𝑗∈𝒥

𝑎𝑖,𝑗 × 𝑋𝑗 ≤ 𝑏𝑖∀𝑖 ∈ ℐ

𝑋𝑗 ≥ 0 ∀𝑗 ∈ 𝒥

Model Components
ℐ : set of 𝑖 ∈ ℐ,
𝒥 : set of 𝑗 ∈ 𝒥,
𝐹 : Objective function variable,

𝑋𝑗 : decision variables,

𝑐𝑗 : objective function coefficients,
𝑎𝑖,𝑗 : parameters,

𝑏𝑖 : parameters

. . .

Question: Have you ever seen something like this before?

What is this good for?
• Good Question! A lot of things:
‣ Modeling real-world problems
‣ Solving �omplex systems
‣ Optimizing resour�e allo�ation
‣ De�ision-making under �onstraints
‣ Simulation and predi�tion
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Solar Panel Transport

Case: Solar Panel Transport

Description
A �ompany is produ�ing solar panels in Dresden and Laupheim and has to transport
them to new solar farms near Hamburg, Muni�h, and Berlin. The quantities offered and
demanded (tru�kloads) and the transport �osts per tru�kload in Euro are summarized
in the following table.

Transport Costs

Origin/Destination Hamburg Muni�h Berlin Available

Dresden 5010 4640 1980 34

Laupheim 7120 1710 6430 41

Demand 21 17 29

Example: A tru�kload from Dresden 𝑖 = 1 to Muni�h 𝑗 = 2 �osts 𝑐12 = 4640 Euro. More-
over, it is ne�essary to fulfil all �ustomer demands, as the �ontra�t has been signed.

Graphical Illustration

Understanding the Problem

What are we trying?
First, we always need to understand the obje�tives.

. . .

Question: What are our possible obje�tives?
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Minimizing the transport �osts over all tru�kloads while meeting the demand based on
the available solar panels adhering to the available panels.

Let’s break it down

step by step!

Sets
Remember, sets are �olle�tions of elements

. . .

Question: What sets are needed?

. . .

ℐ : Set of production sites, indexed by 𝑖  with 𝑖 ∈ {1, …, |ℐ|},
𝒥 : Set of customers, indexed by 𝑗  with 𝑗 ∈ {1, …, |𝒥|}.

. . .

 Tip

We often use plural names for sets and a �aligraphi� letter, e.g., ℐ and 𝒥.

Parameters
Parameters are fixed values that are given.

. . .

Question: What parameters are needed?

. . .

𝑐𝑖,𝑗 : Costs per truck load for transport from 𝑖  to 𝑗,

𝑎𝑖 : Available truck loads at 𝑖,
𝑏𝑗 : Customer demands at 𝑗.

. . .

 Tip

We usually use the �orresponding lower-�ase letter, e.g., 𝑐, 𝑎, and 𝑏.

Decision Variable
• De�ision variables are the values we are trying to find
• Here, our obje�tive is to minimize the transport �osts

. . .

8



Question: What de�ision variables are needed?

. . .

𝑋𝑖,𝑗 Trucks that deliver panels from site 𝑖  to customer 𝑗.

. . .

 Tip

We use upper-�ase letters to distinguish variables from parameters, e.g., 𝑋.

These are our

building blo�ks!

Objective Function
• The obje�tive fun�tion is the value we are trying to minimize
• Formalized as a sum of de�ision variables and parameters

. . .

Question: Do you remember the obje�tive?

Minimizing the Transport Costs
Minimize the transport �osts over all tru�kloads while meeting the demand based on
the available solar panels adhering to the available panels.

. . .

Question: How �an we write this down?

. . .

Minimize ∑
𝑖∈ℐ

∑
𝑗∈𝒥

𝑐𝑖,𝑗 × 𝑋𝑖,𝑗

Constraints
• Constraints are �onditions that must be met
• They limit the solution spa�e!

Question: Obje�tive value without any �onstraints?

. . .

• The value is zero
• We �an transport any number of panels

. . .

Question: What �onstraints are needed?
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Supply Constraints
Ensure that the number of panels transported from a lo�ation does not ex�eed the
available panels.

. . .

Question: How �an we formalize this?

. . .

∑
𝑗∈𝒥

𝑋𝑖,𝑗 ≤ 𝑎𝑖 ∀𝑖 ∈ ℐ

Demand Constraints
Ensure that the demand of ea�h �ustomer is �overed.

. . .

Question: Any ideas?

. . .

∑
𝑖∈ℐ

𝑋𝑖,𝑗 = 𝑏𝑗 ∀𝑗 ∈ 𝒥

Non-negativity Constraints
Ensure no negative number of tru�kloads are transported.

. . .

Question: Has anyone an idea how to write this down?

. . .

𝑋𝑖,𝑗 ≥ 0 ∀𝑖 ∈ ℐ, ∀𝑗 ∈ 𝒥

Transport Problem
The �omplete model �an then be written as:

Minimize 𝐹 = ∑
𝑖∈ℐ

∑
𝑗∈𝒥

𝑐𝑖,𝑗 × 𝑋𝑖𝑗

subject to: ∑
𝑗∈𝒥

𝑋𝑖,𝑗 ≤ 𝑎𝑖 ∀𝑖 ∈ ℐ

∑
𝑖∈ℐ

𝑋𝑖,𝑗 = 𝑏𝑗 ∀𝑗 ∈ 𝒥

𝑋𝑖,𝑗 ≥ 0 ∀𝑖 ∈ ℐ, ∀𝑗 ∈ 𝒥

Inequality Constraints
Question: Could we repla�e = by ≥ in the demand �onstraint?

. . .

• Yes, we �ould!
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• We �ould deliver more than the demand
• But this would not happen here

. . .

Question: Why won’t we transport more than the demand?

• Due to the asso�iated �osts

Any

questions?

Profit Maximization

Description
Unfortunately, the margins on solar panels are low. After the previous �ontra�t has been
fulfilled, the �ompany produ�ed the same number of panels as before. In addition, all
three �ustomers want to order the same number of tru�kloads with solar panels again.
The sales volume per tru�kload of panels is 11,000 Euros. The �omplete produ�tion of
a tru�kload of solar panels, in�luding materials, �osts 6,300 Euros.

New Objective
In the new �ontra�t, the �ompany wants to maximize its profits while the demand does
not have to be fulfilled.

. . .

Question: What �hanges are ne�essary?

. . .

• We need to �hange the obje�tive fun�tion
• We need to �hange some parameters

. . .

Question: Does our de�ision variable �hange?

. . .

• No, we still transport tru�kloads of solar panels

New Parameters
𝑝 : Sales volume per truckload of solar panels,
𝑐 : Production costs per truckload of solar panels.

. . .

Question: What is the profit per tru�kload of solar panels?

. . .

𝑝 − 𝑐
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Former Model
Minimize 𝐹 = ∑

𝑖∈ℐ
∑
𝑗∈𝒥

𝑐𝑖,𝑗 × 𝑋𝑖,𝑗

subject to: ∑
𝑗∈𝒥

𝑋𝑖,𝑗 ≤ 𝑎𝑖 ∀𝑖 ∈ ℐ

∑
𝑖∈ℐ

𝑋𝑖,𝑗 ≥ 𝑏𝑗 ∀𝑗 ∈ 𝒥

𝑋𝑖,𝑗 ≥ 0 ∀𝑖 ∈ ℐ, ∀𝑗 ∈ 𝒥

New Model
Maximize 𝐹 = ∑

𝑖∈ℐ
∑
𝑗∈𝒥

(𝑝 − 𝑐 − 𝑐𝑖,𝑗) × 𝑋𝑖,𝑗

subject to: ∑
𝑗∈𝒥

𝑋𝑖,𝑗 ≤ 𝑎𝑖 ∀𝑖 ∈ ℐ

∑
𝑖∈ℐ

𝑋𝑖,𝑗 ≤ 𝑏𝑗 ∀𝑗 ∈ 𝒥

𝑋𝑖,𝑗 ≥ 0 ∀𝑖 ∈ ℐ, ∀𝑗 ∈ 𝒥

Do you have

any questions?

Installing Julia

Download and Install Julia
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To prepare for the up�oming le�tures, we start by installing the Julia Programming
Language and an Integrated Development Environment (IDE) to work with Julia.

Installating Julia

• Head to julialang.org and follow the instru�tions.

 Tip

If you are ever asked to add something to your “PATH”, do so!
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VS Code

• Next, we are going to install VS Code
• Alternatively, you �an install VS Codium
• It is essentially VS Code but without any tra�king by MS

Installing VS Code
• Head to the website �ode.visualstudio.�om
• OR to the webside vs�odium.�om
• Download and install the latest release

Verify the Installation
• Start the IDE and take a look around
• Sear�h for the field “Extensions” on the left sidebar
• Cli�k it and sear�h for “Julia”
• Download and install “Julia (Julia Language Support)”
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Create a new file
• Create a new file with a “.jl” ending
• Save it somewhere on your �omputer
• e.g., in a folder that you will use in the �ourse

print("Hello World!")

Hello World!

• Run the file by �li�king “run” in the upper right �orner
• OR by pressing “Control+Enter” or “STRG+Enter”

Everything working?
• If the terminal opens with a Hello World! → perfe�t!
• If not, it is likely that the IDE �annot find the path to Julia
• Try to determine the path and save it to VS Code
• After saving it, try to run the file again

 Tip

Don’t worry if it is not running right away. We will fix this together!

Starting with Julia

How to get started?
• Learning a new programming language is a daunting task
• It is best to start with some small, intera�tive problems
• Then, slowly in�rease the s�ope of the tasks
• We will do this together in �lass!

 Note

And that’s it for todays le�ture!
We now have �overed a first introdu�tion and are ready to start solving some
problems in the up�oming le�tures.

Questions?

Literature

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

15

../general/literature.qmd
../general/literature.qmd


Literature II
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