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Course Objective

-The objective of this course is to provide the students with 
knowledge on the application of various optimization techniques 
which can help making decisions for practical problems in industries. 

-Modeling concepts and applications of linear, integer, nonlinear, and 
dynamic programming as well as network models are addressed.

-Meta-heuristic techniques are also discussed to obtain good 
solutions for large scale practical problems in a reasonable 
computational time. 

-Optimization model and its applications are demonstrated for solving 
problems in Industry 4 era.

• Prerequisite: Operations Research



Learning Outcomes

• The students on the completion of this course would be able to

• Formulate mathematical programs for practical problems in production and supply chain 
systems (Create).

• Apply appropriate optimization techniques and write codes of optimization models using 
professional optimization software (i.e., MATLAB, LINGO, or MPL software) to solve single-
objective practical problems in production systems, supply chain systems and specific 
operational problems (Create).

• Find appropriate trade-off solutions for multiobjective decision making problems in production 
systems, supply chain systems and specific operational problems (Create).

• Use meta-heuristic techniques to solve large scale NP-hard combinatorial problems for both 
single and multiple objective decision making problems where analytical methods cannot be 
used (Create)

• Conduct sensitivity analysis to examine the robustness of the solutions resulting from 
optimization models in order to ensure that appropriate solutions will be deployed in real world 
situations where input parameters are uncertain and cannot be estimated precisely (Evaluate).

• Understand how to apply digital technology for automated data-driven and in real-world 
optimization model. (Apply).



Course Outline

-Contents (45 hrs. in total)

Module 1: Theory of mathematical programming for convex 
optimization (19 hrs.)

Module 2 : Heuristics and Metaheuristics (16 hrs.)

Module 3: Optimization and Its Applications in Industry 4 Era (10 hrs.)



Evaluation Scheme



Contents

• Module 1: Theory of mathematical programming for convex 
optimization (19 hrs. – 6 weeks)

• 1.1 Basic Modeling Concepts (1 hr.): Lecture: AC

• 1.2 Linear Programming (6 hrs.): Lecture: AC + RO (Discussion, Home 
Assignment, Group project)

• 1.3 Integer Programming, Mixed Integer Programming, and Combinatorial 
Optimization (5 hrs.): Lecture: AC + RO (Discussion, Home Assignment, 
Group project)

• 1.4 Non-linear Optimization (3 hrs.) Lecture: AC + RO (Discussion, Home 
Assignment)

• 1.5 Dynamic Programming (4 hrs.) Lecture: AC + RO (Discussion, Home 
Assignment)



Contents

• Module 2: Heuristics and Metaheuristics (16 hrs. – 5 weeks)

• 2.1 Concept of Heuristics and Metaheuristics (1 hr.) Lecture: AC + 
RO (Discussion)

• 2.2 Population-based algorithms: GA, PSO, DE (9 hrs.) Lecture: AC 
+ RO (Discussion, Group project)

• 2.3 Local Search Methods: ALNS and Tabu Search (3 hrs.) Lecture: 
AC + RO (Discussion, Group project)

• 2.4 Multiobjective optimization (3 hrs.) Lecture: AC (Discussion)



Contents

• Module 3: Optimization and Its Applications in Industry 4 Era (10 hrs. – 4 weeks)

• 3.1 An Overview of Digital Technologies (1 hr.)

This topic aims to give overview information of the tools (digital technology) used in optimization problems in Industry 4.0 era. 
Lecture: AC + RO (Discussion, Home Assignment)

• 3.1.1 Digital technology concept

• 3.1.2 Digital technology hardware & software

• 3.1.3 Digital technology applications

• 3.2 Optimization (Opt) concept and Its Applications in Industry 4.0 Era (2 hr.)

• This topic aims to give a basic idea of how to apply optimization to the real-world problem in Industry 4.0. Lecture: AC + RO 
(Discussion, Home Assignment, Group project)

• 3.2.1 Optimization concept in Industry 4.0 era

• 3.2.2 Optimization applications in Industry 4.0 and mobile support

• - Opt in Warehouse and Inventory Management

• - Opt in Transportation problems

• 1) Smart Pickup and Delivery system (i.e., customized and real time pick up scheduling)

• 2) Real time fleet management, tracking service and transportation condition

• - Opt in Scheduling problem



Contents

• Module 3: Optimization and Its Applications in Industry 4 Era (10 hrs. – 4 weeks)

• 3.3 Optimization (Opt) Design in Industry 4.0 (2 hr.)

• This topic aim to enhance student capability to analyze the problem, design, implement and measuring to use the optimization 
problems in Industry 4.0. Lecture: AC + RO (Discussion, Home Assignment, Group project)

• 3.3.1 System analysis concept

• 3.3.2 System architecture, module and component design

• 3.3.3 Data input/output user interface design

• 3.3.4 Optimization programming, modeling, and simulation

• 3.3.5 Evaluating the designed system

• 3.4 Real-Time Optimization (2 hr.)

• This topic aims to deal with practical optimization problems for automated input data. Lecture: AC + RO (Discussion, Home 
Assignment, Group project)

• 3.4.1 Checking optimality conditions when input data change

• 3.4.2 Setting initial solution when input data change

• 3.5 Case Study (3 hr.)

• This topic aims to enable students to apply optimization concept in an Industry 4.0 real-world problem. Lecture: AC + RO 
(Discussion, Group project )

•



Project Objective

1. To demonstrate students on how to apply optimization in Industry 4 Era.

2. To demonstrate students on how to develop the optimization model for solving 
problems in Industry 4 Era.

3. To demonstrate students on how to design an automated data-driven tool in 
real world optimization model.



Group Assignment 

Each group must do the following:

• Develop an algorithm to solve the problem using the “Ice App 
Program”.

• As mentioned earlier, the “Ice App Program” was developed and installed the 
Web Application, Web Service, and Database Management System. The 
mobile application for ice transportation takes advantage of the available 
demand data input to the IceApp software. 

• To do this project, students will learn on how to apply optimization in Industry 
4 Era and how to design an automated data-driven tool in real world 
optimization model.



Data input/output user interface design
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Web Application of Ice Transportation software

http://119.59.103.118/ice-tran/site/index

http://119.59.103.118/ice-tran/site/index


Database system and mobile application in ice transportation
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Database system and mobile application in ice transportation
“Input parameters”
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Optimization programming, modeling, and simulation
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Fig. 2. Framework of the proposed Method



Examples of Results Running the IceTrans program 
(Students’ work)

Route 1 Route 2



Feedback from the Students

➢ It was tough for students to learn the 
optimization class. Too many topics but time 
was very tight.

➢ Some students had not much background 
on coding an algorithm.

➢ Students understood more on how to 
design an automated data-driven tool in real 
world optimization model and also were able 
to develop the optimization model for 
solving problems in Industry 4 Era.

➢ Students were excited to learn advanced 
optimization in a new way.


