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• Research Scientist at the Centre for Intelligent Systems, Department
of Computer Systems, Tallinn University of Technology;

• E-mail: aleksei.tepljakov@ttu.ee; phone (+372) 620 2116;

• Room: ICT-502D, usual business hours: 10:00AM to 6:00PM;

• Research interests:

◦ Fractional-order modeling and control of dynamic systems;

◦ Control of complex nonlinear systems;

◦ Embedded systems and control;

◦ Virtual Reality and its applications in education and industry.

aleksei.tepljakov@ttu.ee
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You can get information about the age of the tree by counting the
number of rings on the stump.
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Mathematical programming: Introductory
example: Phone Dealer
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A phone dealer goes to the wholesale market with 1500EUR to
purchase phones for selling. There are different types of phones
available on the market, but having compared technical
specifications of all available phones, he decides that there are two
phone types, P1 and P2 that would be suitable for resale in his
region of interest. The first type of phone (P1) would cost the
dealer 300EUR and the second type of phone (P2)—250EUR.

However, the dealer knows that he can sell the P1 phone for
325EUR, and P2 phone for 265EUR. With the available amount of
money he would like to make maximum profit. His problem is to
find out how many phones of each type should be purchased to get
maximum profit, assuming he would succesfully market and sell all
of the acquired phones later.



Modeling: Introductory Example: Tree
(Continued)

Aleksei Tepljakov 5 / 25



Modeling: Introductory Example: Tree
(Continued)

Aleksei Tepljakov 5 / 25



Modeling: Introductory Example: Tree
(Continued)

Aleksei Tepljakov 5 / 25



Modeling: Introductory Example: Tree
(Continued)

Aleksei Tepljakov 5 / 25



Modeling: Introductory Example: Tree
(Continued)

Aleksei Tepljakov 5 / 25



Sir Isaac Newton (1642–1727)
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• Does science for fun and is passionate about his work.

• Needs tools to solve problems with dynamics—invents Calculus.

• Is both a physisist and a mathematician, a natural philosopher.

• Does a great job at advancing science for ages to come.
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Subject code ISS0031

Subject title Modeling and Identification

(in Estonian) Modelleerimine ja identifitseerimine

Subject webpage http://a-lab.ee/edu/courses/
iss0031-2018

Instructor Aleksei Tepljakov

Work e-mail aleksei.tepljakov@ttu.ee

Rewarded ECTS 5.0

Weekly hours Lectures/exercises: 2/2

Teaching semester Autumn

http://a-lab.ee/edu/courses/iss0031-2018
http://a-lab.ee/edu/courses/iss0031-2018
aleksei.tepljakov@ttu.ee


Aims of the Course: Foundations
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The aim of the course is to give an overview of modeling and
identification methods for solving static and dynamic problems
such as optimal resource planning and industrial control. The
major topics covered in the first part of the course include:

• Static and dynamic models and applications.

• Optimization. Linear programming. Convexity. Least squares.
Newton’s Method. Simplex method. Nelder-Mead method
(applications).

• Linear models. Time domain and frequency domain analysis.

• Identification. Model types. Validation. Residual analysis.

These topics serve as foundation for further study of the subject.
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Advanced Topics
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In the second part of the course, the following contemporary
modeling topics will be discussed:

• Fractional-order modeling and control.

• Artificial Neural Network based identification.

• Global optimization methods. Genetic algorithms. Symbolic
Regression.

• Fuzzy logic based modeling.

These topics will be delivered during several invited lectures and
will be accompanied by corresponding practical works. Most of the
practical assignments of the course will be solved in
MATLAB/Simulink environment.
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Course Project
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In general, the project may be one of the following:

• Solution of a research problem relevant to the student’s area of interest
within the scope of the course;

• Independent study of a topic not covered in the course (e.g., reading a
scientific article or book chapter).

The prospective length of the report is 15-20 pages. Submission deadline is the
15th week of the semester. In addition, the student must

• Give short, 3-5 minute talks:

◦ The first, describing his project idea, must be presented on the 3th
week of the semester;

◦ The second, presented on the 6th week, must provide an update
illustrating the progress;

• Give a 10-12 minute talk about the finished project.



Project Report
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The student must compile a report about the project. The report
must consist of

• An introduction and a clear problem statement;

• Overview of tools used to fulfill the project goals;

• Proposed solution for the problem;

• Examples or practical results;

• Result analysis and conclusions;

• Properly formatted list of references to credible sources.

The project gives you 50% of the final grade.
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Project Topics
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• Modeling for Virtual Reality Applications. Reference: https://
www.recreation.ee/

• Modeling and implementation of fractance networks for control

applications. Reference: A. S. Elwakil, Fractional-Order Circuits and
Systems: An Emerging Interdisciplinary Research Area. Circuits and
Systems Magazine, 10(4):40–50, 2010.

• Modeling a laboratory object. Reference:
http://www.a-lab.ee/equipment

• NelinSys toolbox for MATLAB. Reference: http://goo.gl/kJcy7V

• FOMCON toolbox port to Octave or Scilab. Reference:
http://fomcon.net/

Other topics are possible, but must be approved by the instructor.

https://www.recreation.ee/
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Practical Works
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Practical works are carried out in the laboratory using personal computers and
MATLAB/Simulink software. Reports are expected for five practical works.
These will award 2 course points each if submitted within 2 weeks of carrying
out the practical work. For the reports to be accepted, the following must hold.

• Reports are 2-3 pages long and contain a brief summary of the problem,
solution methods, as well as an assessment of results;

• Graphs, if present, must be illustrative—screenshots of the working
software environment are not required;

• The reports must contain answers to questions posed by the instructor for
each particular practical work.

Formatting of the report is up to the student, but clearly typeset LATEX-style

reports are welcome. Only PDF format is accepted and must be submitted

electronically to the instructor.



Course Policies
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The learning outcomes of the course are evaluated as follows:

• Two tests, each giving 20% of the grade.

• Five practice reports, each giving 2% of the grade.

• An individual project report and presentation thereof giving
50% of the grade.

• Bonuses: reports for practical works where a report is not
required by default; other bonuses also possible.

All of these components are summed up at the end of the semester
and form the exam grade:

T1 + T2
︸ ︷︷ ︸

2×20%=40%

+L1 + L2 + L3 + L4 + L5
︸ ︷︷ ︸

5×2%=10%

+ P
︸︷︷︸

50%

.



Course Policies (continued)
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• There is only one attempt to do each of the tests during the
semester. It is however possible to improve the result (if desired)
during finals. Among the attempts, the one with the best grade will
be counted as final.

• The practice reports will cover the topics from the second part of the
course. The report for each practice must be sumbitted within two
weeks of the date of carrying out the practical work in the laboratory.
Reports are accepted electronically in PDF format.

◦ If a report is not received within the allocated time interval, the
grade points for the practical work are not awarded.

◦ If the report is submitted, but not accepted, the student may
introduce changes to the report and resubmit it within 1 week of
the acceptance date to obtain the corresponding course points.



Prospective course schedule
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Class Type Content

1 L Introduction. Overview of course topics. Course
policies and evaluation. Course project.

2 L Modeling: Model types. Applications. Linear
programming. Graphical method.

3 L+P First project talks. Optimization. Newton’s
Method. Least Squares.

4 L+P Simplex method. Nelder-Mead method. Penalty
functions.



Prospective course schedule (continued)
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Class Type Content

5 L+P Linear models and analysis. Frequency domain
analysis.

6 T Second student talk about chosen project.
Test #1

7 L+P Modeling for Power Systems (invited lecture)

8 L+P⋆ Identification. Time domain identification of
dynamic models. Validation. Residual analysis.
Modeling of physical systems. Control design.



Prospective course schedule (continued)
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Class Type Content

9 L+P⋆ Fractional-order modeling and control

10 L+P⋆ Artificial Neural Network based modeling
(invited lecture)

11 L+P⋆ Global optimization. Genetic algorithms. Symbolic
regression.

12 L+P⋆ Fuzzy logic based modeling (invited lecture)



Prospective course schedule (continued)
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Class Type Content

13 L+P Nonlinear systems. Second-order systems. Phase
plane analysis.

14 T Test #2

15 E Course project report submission deadline.
Student project talks.

16 E Student project talks (continued).



What Is This Course Really About
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• You are provided with useful tools that you can use in other
subjects/work areas. You can always return to them later.

• You are given theoretical material that can be seen as a starting
point for your further explorations, if you feel inclined to
continue (you will).

• Math can be simply considered as a tool (unless you are
passionate about it), and it is not as important as the goals
that you set forth.

• Practice makes perfect. Success comes from focus. Make the
most out of everything you are given.

• Golden rule: Be passionate about what you are doing and you
will achieve success!
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Sleeping During the Lecture?
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Power Naps are Mostly Unavoidable!
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If you have never “dozed off” during a lecture, then

• You are well connected to the topic of the lecture;

• You did not come to that lecture;

• You have superhuman powers.

Automatic “sleep” activation in the university is akin to that while
driving. If you truly feel that you cannot resist falling asleep for a
short while—don’t! Stop for a while, otherwise you may get into an
accident. It works a bit like an automatic, 5–10 minute meditation.

See also James Maas’ works on sleep vs. performance.
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Questions?
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Thank you for your attention!
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