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Course Specification
1. Basic Information
	MDP 413
	Design Optimization 
	3 CH

	Prerequisites
	Differential Equations and Numerical Analysis, Machine Elements Design

	Number of weekly Contact Hours 

	Lecture
	Tutorial
	Laboratory

	3
	1
	1

	Required SWL
	125
	Equivalent ECTS
	5

	Course Content

	Principles of optimization in design process, design variables, objective functions, constraints, optimization problem formulation, optimality criteria and conditions, single-variable optimization, graphical optimization, multivariable optimization without constraints and with constraints, Linear, quadratic, nonlinear and dynamic programming optimization problems. Evolutionary design algorithms for global optimization such as genetic algorithm. Structural Optimization: size optimization, Shape optimization, Topology optimization. Automated design optimization and design exploration. All design optimization examples in this course will be on mechanical structures and machine elements such as cantilevers, beams, coil springs, shafts, pressure vessels, bars, trusses, cross section shapes ...etc

	Used in Program / Level

	Program Name or requirement
	Study Level

	Design and Production Engineering Program requirement
	4

	Assessment Criteria

	Student Activities
	Mid-Term Exam
	Practical Exam
	Final Exam

	20 %
	20%
	20%
	40%



2. Course Aims
This course aims to:
· Determine the principles of optimization in design process using various kinds of programming.
· Use evolutionary design algorithms for global optimization such as genetic algorithm.
· Study the optimization techniques for structural design.


3. Program Competencies Served by Course.
In addition to the competences for all Engineering Programs (A-Level) and the competencies for the Mechanical Discipline (B-Level), the Design and Production Engineering Program graduate must be able to (C-Level): 
C2. Design systems, machines, tools, and products implementing proper standards and developing the necessary calculations, construction and working drawings.
C5a. Demonstrate additional abilities to model, analyze, and design mechanical components and systems using the most upto-date tools of integrated systems.
4. Learning Outcomes (LOs)
	Cognitive Domain

	1
	Break down the principles of optimization in design process.

	2
	Apply various kinds of programming to solve an optimization problem.

	Psychomotor Domain

	3
	Follow evolutionary design algorithms for global optimization such as genetic algorithm.

	4
	Display optimization techniques for structural design.

	Affective Domaine

	5
	teamwork in a project.

	6
	follow a project report scientific standards guideline 



5. Course LOs Mapping with Level of Competencies
Design & Production Engineering Program
	LOs
	Competences 

	
	C2
	C5a

	Cognitive Domain

	1
	●
	●

	2
	
	●

	

	3
	
	●

	4
	
	●

	Affective Domaine

	5
	●
	●

	6
	●
	●



6. Assessment and Feedback Strategy
· Assignments and lab reports (online & written)
· Quizzes (online & written)
· Written examinations (midterm & final term)

7. [bookmark: _30j0zll]Teaching and Learning Methods
· Lectures (on campus & online using Microsoft Teams platform)
· Tutorial (on campus & online using Microsoft Teams platform)
· Lab (on campus & online using Microsoft Teams platform)

8. List of References

a. Essential books (textbooks)

· Krishnan Suresh, “Design Optimization using MATLAB and SOLIDWORKS", Cambridge University Press (2021).
· Garret N. Vanderplaats, “Numerical Optimization Techniques for Engineering Design: With Applications”, MCGRAW HILL SERIES IN MECHANICAL ENGINEERING, 1984.

b. Recommended books

· Martin Philip Bendsoe and Ole Sigmund, “Topology Optimization”, 2nd edition Springer; (2002)



9. Study Plan
	No.
	Course Content
	Lect.
	Tut.
	Lab.
	Total

	1
	Design Optimization Process Overview
	6
	2
	2
	10

	2
	Modelling and Simulation
	6
	2
	2
	10

	3
	Programming
	15
	5
	5
	25

	4
	Algorithms for Global Optimization
	6
	2
	2
	10

	5
	System Design Optimization
	6
	2
	2
	10

	6
	Design Optimization Case Studies
	6
	2
	2
	10

	Total Number of Hours
	45
	15
	15
	75




Experiments List
· Optimization Tools Overview.
· Modelling and Simulation. 
· Programming. 
· Algorithms for Global Optimization.
· Case Studies.




10. Course Content / LOs Matrix
	Topic
	Course Content
	1
	2
	3
	4
	5
	6

	1
	Design Optimization Process Overview
	●
	●
	●
	
	●
	●

	2
	Modelling and Simulation
	●
	●
	
	
	●
	●

	3
	Programming
	●
	●
	
	
	●
	●

	4
	Algorithms for Global Optimization
	●
	
	●
	
	●
	●

	5
	System Design Optimization
	●
	●
	●
	●
	●
	●

	6
	Design Optimization Case Studies
	●
	●
	●
	●
	●
	●



11. Assessment and Feedback Strategies / LOs Matrix
	Assessment Method
	1
	2
	3
	4
	5
	6

	Assignments and reports
	●
	●
	●
	●
	●
	●

	Quizzes
	●
	●
	●
	●
	
	

	Mid-Term 
	●
	●
	●
	●
	
	

	Final Exam
	●
	●
	●
	●
	
	



12. Teaching & Learning Methods / LOs Matrix

	Learning Method
	1
	2
	3
	4
	5
	6

	Lecture
	●
	●
	●
	●
	
	

	Tutorial
	●
	●
	●
	●
	●
	●

	Lab
	●
	●
	●
	●
	●
	●

	Self-learning 
	●
	●
	●
	●
	●
	●
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