	FACULTY OF MECHANICAL AND POWER ENGINEERING

	SUBJECT CARD

	Name in Polish 
	Modelowanie i optymalizacja

	Name in English 
	MODELING AND OPTIMIZATION

	Main field of study
	Mechanical Engineering and Machine Building

	Level and form of studies 
	2nd level, full-time 

	Kind of subject 
	obligatory 

	Subject code 
	MSN0617

	Group of courses
	No


	
	Lecture
	Classes
	Laboratory
	Project
	Seminar

	Number of hours of organized classes in university (ZZU)
	15
	30
	
	
	

	Number of hours of total student workload (CNPS)
	60
	60
	
	
	

	Form of crediting
	Examination 
	crediting with grade
	
	
	

	For group of courses mark (X) final course
	
	
	
	
	

	Number of ECTS points
	2
	2
	
	
	

	including number of ECTS points for practical (P) classes 
	0
	2
	
	
	

	including number of ECTS points for direct teacher-student contact (BK) classes
	1
	1,5
	
	
	


	PREREQUISITES RELATING TO KNOWLEDGE, SKILLS AND OTHER COMPETENCES 

Knowledge and skills in the range of calculus, linear algebra and analytic geometry. 




	SUBJECT OBJECTIVES
C1 – Review of basic knowledge about the structure of multidimensional real space.

C2 – Development of ability to multidimensional object description.

C3 – Development of ability to construction of general form of mathematical model of a given dimensional process

C4 – Description of theoretical background of optimization problem and presentation of construction principles of selected optimization algorithms.

C5 – Description of theoretical background of dimensional analysis and the way of its application for modelling problems

C6 – Development of ability to practical application of selected optimization procedures.

 


	SUBJECT EDUCATIONAL EFFECTS 

relating to knowledge:

As a result of performed lectures student should be able to

PEK_W01 – Characterize the structure of multidimensional real space and formulate definitions of operations performed on elements of space mentioned.

PEK_W02 – Characterize theoretical background  of dimensional analysis and explain the way of its application for the purpose of construction of a mathematical model of a given physical process

PEK_W03 – Formulate an optimization problem and describe general classification principles of its tasks.

PEK_W04 – Characterize theoretical background of selected optimization methods for single and multivariable objective function.

PEK_W05 – Describe block schemes of  selected optimization algorithms.

relating to skills:

As a result of performed class student should be able to

PEK_U01 – Perform operations in multidimensional real space and calculate numerical values of basic quantities characterizing its elements and subsets.

PEK_U02 – Select the  dimensional base from the set of input variables of a given object of control and construct general form of its mathematical model.

PEK_U03 – Recognize the type of optimization problem and select a proper method for its solution.

PEK_U04 – Describe the form of an objective function, characterize optimization criterion and characterize the structure of a feasible set for a given optimization problem.

PEK_U05 – Use properly selected optimization procedures for practical applications.




	PROGRAMME CONTENT 

	Form of classes - lecture 
	Number

 of hours



	Lec1
	Mathematical review.
	1

	Lec2
	Dimensional analysis. Dimensional quantities and functions. 
	2

	Lec3
	Dimensional analysis. Buckingham’s theorem, model similarity.
	2

	Lec4
	Optimization problem. Golden section search.
	2

	Lec5
	Steepest descent method.
	2

	Lec6
	Conjugate directions method. Multivariable quadratic functions.
	2

	Lec7
	Conjugate directions method. Procedure algorithm.
	2

	Lec8
	Newton’s method.
	2

	
	Total hours
	15

	Form of classes - class 
	Number

 of hours



	Cl 1
	Multidimensional real space. Operations on vectors. Scalar product, norm, metric. Open and closed sets. 
	2

	Cl 2
	Determination of order and selection of dimensional base of a given dimensional space.
	4

	Cl 3
	Algorithm of dimensional base selection for a set of input variables of a given object of control. Determination principle of a general form of mathematical model of a given physical process.
	4

	Cl 4
	Unimodal function. Definition and examples of application of a golden section principle. Golden section search optimization algorithm.
	4

	Cl 5
	Directional derivative of multivariable function. Schwarz inequality. Steepest descent direction. Steepest descent optimization algorithm. 
	4

	Cl 6
	Symmetric and positive definite matrix. Conjugate directions. Multivariable quadratic function. Assignment of gradient and Hessian matrix of an objective function.
	4

	Cl 7
	Conjugate direction optimization algorithm for multivariable quadratic function. 
	4

	Cl 8
	Taylor series expansion formula for multivariable function. Inverse of Hessian matrix. Algorithm of Newton’s method  .
	4

	
	Total hours
	30


	TEACHING TOOLS USED 

	N1. Traditional lecture.

N2. Student’s self-work. Literature reading. Preparation for final exam.

N3. Presentation of problems for solution. Description of methods of  solution.

N4. Student’s self-work. Preparation for class. Solution of problems formulated.

N5. Office hours.


EVALUATION OF SUBJECT EDUCATIONAL EFFECTS ACHIEVEMENT- lecture
	Evaluation 

(F– forming (during semester), 

C– concluding (at semester end)
	Educational effect number
	Way of evaluating educational effect achievement

	C
	PEK_W01÷PEK_W05
	Final Exam


EVALUATION OF SUBJECT EDUCATIONAL EFFECTS ACHIEVEMENT- class
	Evaluation 

(F– forming (during semester), 

C– concluding (at semester end)
	Educational effect number
	Way of evaluating educational effect achievement

	F1
	PEK_U01÷PEK_U02
	Mid-Term Exam Part-1

	F2
	PEK_U03÷PEK_U05
	Mid-Term Exam Part-2

	C = ( F1+F2 ) / 2


	PRIMARY AND SECONDARY LITERATURE 

	PRIMARY LITERATURE :

[1]  Awrejcewicz J., Matematyczne modelowanie systemów., K.N.T., 2007 

[2]  Bubnicki Z., Identyfikacja obiektów sterowania., W.N.T., Warszawa, 1973
[3]  Chong E.K.P., Żak S.H., An Introduction to Optimization., J.Wiley &Sons Inc., New York, 1996
[4]  Kasprzak W., Lysik B., Analiza wymiarowa. Algorytmiczne procedury obsługi eksperymentu., W.N.T., Warszawa 1986
[5]  Taylor J.R., Wstęp do analizy błędu pomiarowego., P.W.N., Warszawa 1995
SECONDARY LITERATURE:

[1]  Drobot S., On the Foundations of Dimensional Analysis., Studia Mathematica, 14(84):84, 1954
[2]  Gelfand I.M., Lectures on Linear Algebra, Interscience, N.Y., 1961

[3]  Kacprzyński B., Planowanie eksperymentów. Podstawy matematyczne. , W.N.T., Warszawa, 1974.

[4]  Kasprzak W., Lysik B., Rybaczuk R., Measurements, Dimensions, Invariant Models and Fractals., Spolom, Wroclaw-Lviv, 2004
[5]  Szucs E., Modelowanie matematyczne w fizyce i technice., W.N.T., Warszawa, 1977



	SUBJECT SUPERVISOR (NAME AND SURNAME, E-MAIL ADDRESS) 

	Aleksander Sulkowski, aleksander.sulkowski@pwr.wroc.pl


MATRIX OF CORRELATION BETWEEN EDUCATIONAL EFFECTS FOR SUBJECT
MODELING AND OPTIMIZATION
AND EDUCATIONAL EFFECTS FOR MAIN FIELD OF STUDY

 Mechanical Engineering and Machine Building
	Subject educational effect
	Correlation between subject educational effect and educational effects defined for 

main field of study/ specialization 
	Subject objectives
	Programme content
	Teaching tool number

	PEK_W01
	K2MBM_W04


	C1
	Lec1
	N1, N2, N5



	PEK_W02
	
	C3
	Lec2 – Lec3
	

	PEK_W03
	
	C5
	Lec4 – Lec8
	

	PEK_W04
	
	C5
	Lec4 – Lec8
	

	PEK_W05
	
	C5
	Lec4 – Lec8
	

	PEK_U01
	K2MBM_U03


	C2
	Cl 1
	N3, N4, N5

	PEK_U02
	
	C4
	Cl 2 – Cl 3
	

	PEK_U03
	
	C6
	Cl 4 – Cl 8
	

	PEK_U04
	
	C6
	Cl 4 – Cl 8
	

	PEK_U05
	
	C6
	Cl 4 – Cl 8
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