FAKULTE / ENSTITU ADI

DERS BiLGi FORMU

Fen Edebiyat Fakiiltesi

BOLUM / PROGRAM /
ANABILIiM DALI ADI

Matematik

DERSIN ADI

Kontrol Teoriye Giris

DERSIN KODU

MAT4390

YEREL KREDISi

3

AKTS KREDISi

HAFTALIK DERS SAATI

HAFTALIK UYGULAMA SAATI

HAFTALIK LABORATUVAR

SAATI

ONKOSULLAR

Yok

YARIYIL

Giiz/Bahar

DERSIN DiLi

Ingilizce, Tiirkce

DERSIN SEVIYESi

Lisans

DERSIN TURU

Secmeli@Matematik Lisans Programi

DERSIN KATEGORISi

Temel Meslek Dersleri

DERSIN VERILIS SEKLI

Yiiz Yiize

DERSi SUNAN AKADEMIK
BiRiM

Matematik Boliimii

DERSIN KOORDINATORU

Eyiip KIZIL

ASISTAN(LAR)

DERSIN AMACI

Bu dersin amaci, Ogrencilere matematiksel kontrol teorisinin temellerini tanitmaktir.
Ogrenciler, cesitli matematiksel disiplinlerde ortak olarak kullanilan kavramlarin kontrol
teorisindeki roliinii kavrayacak ve teorinin uygulamalarma dair genel bir bakis
kazanacaklardir. Ayrica, diferansiyel geometrinin kontrol teorisindeki énemi vurgulanacak
ve Lie teorisinin bu alana olan katkilar1 ele alinacaktir.

DERSIN iCERiGi

Diferansiyellenebilir manifoldlar; tanjant uzayi, tanjant demeti; Lie tiirevi, Lie gruplari, Lie
cebiri; genel kontrol sistemleri, ¢esitli kontrol sistemleri; klasik problemler.

DERS KiTABI / MALZEMESI /

ONERILEN KAYNAKLAR

Ders Ogrenim Ciktilar1
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Ders Kitabi:
Jurdjevic, Velimir. Geometric Control Theory. Cambridge University Press, 1997.

Zorunlu Kaynaklar:

[1] Warner, Frank W. Foundations of Differentiable Manifolds and Lie Groups. Scott,
Foresman and Company, 1971.

[2] Sachkov, Yuri L. Control Theory on Lie Groups Lectures Notes. Journal of Mathematical
Sciences, 2009.

[3] Munkres, James. Topology. 2. baski, Prentice-Hall, New Jersey, 2000.

Bu dersi basariyla tamamlayan 6grenciler,

1.  Matematiksel kontrol teorisinin temel kavramlarini tanimlayarak bunlari farkh
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problem tiirlerine uygulayabileceklerdir.

Cesitli matematiksel disiplinlerden (analiz, cebir, geometri) gelen ortak
kavramlarin kontrol teorisindeki kullanimini agiklayabileceklerdir.

Kontrol teorisinin mithendislik ve matematikteki temel uygulamalarini 6rneklerle
tartisabileceklerdir.

Diferansiyel geometri araglarmi kullanarak kontrol sistemlerini
inceleyebileceklerdir.

Lie gruplar1 ve Lie cebirlerinin kontrol teorisindeki roliinii agiklayabileceklerdir.

Kontrol teorisini matematigin farkli alanlarryla iliskilendirerek disiplinler arasi bir
bakis agis1 gelistirebileceklerdir.

DEGERLENDIRME SiSTEMI

Etkinlikler Say1 Katki Payr
Devam/Katihm:
e  icerik: Ogrencilerin derse devam etmeleri ve katilmalari
e  Detayh Degerlendirme Kriterleri:
14 %S5
- Derse aktif katilim ve soru sorma
- Smif-i¢i tartigmalara ve problem ¢6zme siireclerine katki
saglayabilme
Laboratuvar H H
Uygulama (Sozlii Sinav):
e cerik: Ogrencilerden kontrol teori dersinin temel kavramlarmi
aciklamalarmin ve uygulamali bir soruya ¢6ziim 6nerisi sunmalarinin
istenmesi
e  Format: Ogrenci ile bireysel olarak gerceklestirilecek sozlii smav (5-
10 dakika) 1 015
e  Detayh Degerlendirme Kriterleri:
-Kavramlar agiklayabilme
-Problem ¢6zebilme
-Problem ¢6ziimlerini anlatabilme
| Arazi Caligsmasi H H
Derse Ozgii Staj
Kisa Smnavlar/Stiidyo Kritigi (Zorunlu):
e Icerik: Smav haftasina kadar islenen konularin tiimiinii kapsayan
kapsamli sorularin sorulmast
e  Format: Yiiz yiize. Coktan segmeli kisa sinav (5-10 dakika) 6 %20
e Detayh Degerlendirme Kriterleri:
-Derste islenen teorik konular ile ilgili problemleri ¢6zebilme

|Odev | |

| Sunum/Jiiri H H

‘ Proje
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Seminer/Workshop

Ara Sinavlar:

e icerik: Smav haftasma kadar islenen konularin tiimiinii kapsayan
kapsamli sorular

Format: Yiiz yiize. Smav (90 dakika)
1 %20
Detayl Degerlendirme Kriterleri:
-Dersin temel kavramlarinin anlagildiginin gosterilmesi
-Teorik konularla ilgili problemlerin ¢oziilebilmesi
-Teorik diisiinme siireclerinin yiiriitiilmesi
Final:
e icerik: Dersin tiim igerigini kapsayan kapsamli sorular
e  Format: Yiiz yiize. Siav (90 dakika)
e  Detayh Degerlendirme Kriterleri: 1 %40

-Derste iglenen tiim konularin derinlemesine kavranmis oldugunun
gosterilmesi
-Ileri diizey problem ¢zme becerilerinin kullanilabilmesi

Dénem ici Cahsmalarin Basar1 Notuna Katkis H %60
Final Simnavinin Basar1 Notuna Katkisi H %40
TOPLAM H %100

HAFTALIK KONULAR VE iLGILi ON HAZIRLIK CALISMALARI

HAFTALAR

KONULAR

On Hazirhk

IKonu Anlatimi: Diferansiyellenebilen manifoldlar

Topolojik uzaylar, alt topolojiler ve tabar

kavramlarma  iliskin  6n  bilgileri
. . .. . hatirlanmasi ve etkinlestirilmesi. Kaynak|
Sinif-ici Uygulama (5 dk.): Topolojik uzay ve alt topolojik uzay| 3], 75-78
1 kavramlari iizerine uygulamanin yaptirilmasi Manifold, topolojik manifold vel
Sinif-ici Tartisma (5 dk.): Tiirev kavramimin herhangi bir kiime fi1feren51yelleneb111r. man.lfo.l(.i kav..raf“larlf“
lizerine nasil tanimlabilecegi iizerine tartismanin yapilmasi iceren  konular ile  ilgili  bolimlerin
& 3 yap okunmasi. Kaynak: [1], 5-10.
Kapali/agik kiime, siirekli fonksiyonlar,
IKonu Anlatimi: Diferansiyellenebilir (tiirevlenebilir) manifoldlar homeomorfizma ve Hausdorff uzay|
kavramlarmin hatirlanmast vel
Smif-ici Uygulama (10 dk.): Hausdorff’luk ve ikinci etkinlestirilmesi. Kaynak: [3], 92-109.
2 sayilabilirlik kavramlarinin ele alinmasi ve bu kavramlara iligkin| Tiirevlenebilir manifoldlar {izerinde, alt
uygulamanin yaptirilmasi manifold kavramlari, difeomorfizmalar ve
ters fonksiyon teoremlerinin okunmas
Kisa Smav 1 (15 dk.): Ders sonunda, derste islenen konulari Kitabi [1], 10-16.
liceren bir kisa simavin yapilmasi Kisa Smav 1: (tiirevlenebilir manifold
ornekleri iizerine) Kaynak: [1], 5-16.
Tiirev, kismi tiirev kavramlari, baz ve boyut]
. . kavramlart ile ilgili bilgiler ve R”n iizerinde]
Konu Anlatim: Tanjant uzay! tanjant dogrusu/diizlemi &rneklerine.iligki
3 Simif-i¢i Uygulama (15 dk): Tanjant uzayinin geometrik insast ile| on . bll gller} n hatirlanmast Ve
. . etkinlestirilmesi.
cebirsel insasinin karsilagtirilmast . .
Tanjant  uzaylar  konusunu iceren
boliimlerin okunmasi. Kaynak: [1], 12-21.
Egrilerin  tlirevlenebilirligi  iizerinden|
. . tanjant vektor kavrammima iliskin On|
Konu Anlatumi: Tanjant uzayt bilgilerin hatirlanmasi ve etkinlestirilmesi.
4 Siif-ici Uygulama (15 dk): Lineer doniisiim ve diferansiyel Kaxnak: Ders I?F.abl’ 3-11. ..
’ . g o . Tanjant  vektérii ve vektdr alanlary
kavramlar ile reel fonksiyonlarin zincir kuralt ve ¢ok degiskenli| . < e
arasindaki baglantiya iligkin konulart

fonksiyonlarda tiirevlerin uygulamanin yaptirilmasi

okunmasi. Kaynak: Ders Kitabi, 11-14.

(Form No: FR-0315; Revizyon Tarihi: 02.07.2015; Revizyon No:04)

Sayfa: 3/14




IKonu Anlatimi: Tanjant demeti

Simf-ici Tartisma (10 dk.): Kartezyen carpim ve fiber|
kavramlarint tekrar ederek tanjant uzaylarinin kiiresel bir yapi
olan demet altinda birlesimini anlamaya yardimci kavramlarin
lizerine tartismanin yapilmasi

Tanjant uzay1 kavramini,
diferansiyellenebilir manifoldlarin tanimini
ve basit 6rneklerini gézden gegirerek, tii
tanjant uzaylarinm bir araya getirilmesiyle]
elde edilen yapryr anlamaya yoneli
bilgilerin hatirlanmas1 ve etkinlestirilmesi.
Kaynak: Ders Kitabi, 1-14.

Tanjant demeti ve ilgili kavramlarin|
okunmasi. Kaynak: [1], 34-41.

IKonu Anlatima: Lie tiirevi

Simif-i¢i Uygulama (15 dk.): Vektor alanlari ile Lie tiirevi iliskisi
lizerine bir uygulamanin yaptirtlmasi

Kisa Smav 2 (15 dk.): Vektor alani kavramini anlama, temel|
0zelliklerini hesaplama, gradyan, diverjans ve rotasyon gibi
tiirevsel analizleri uygulama ve bu alanlarin manifold iizerindeki
davranislarini igeren bir kisa sinavin yapilmasi

Vektor alant  kavramini  ve  tiire
operatorlerinin temel ozelliklerini
hatirlanmas1 ve bir vektoér alani boyunc
bagka bir vektor alaninin tiirevlenmesi fikri
ile ilgili boliimiin okunmasi. Kaynak: [1],
5-40.

Kisa Sinav 2: simdiye kadar yapilan vekto
alanlar1 ve ilgili teorem ile uygulamalari
gbzden gecirmek.

IKonu Anlatimi: Lie tiirevi

Sinif-ici Uygulama (15 dk.): Diferansiyellenebilir manifoldlard:
tanjant uzaylart ve Lie tlirevi yardimiyla lokal koordinatlard
davranigin incelenmesi.

Vektor alanlar1 ve bunlarin akislar1 (flow),
hakkindaki temel bilgilere iligkin 6
bilgilerin hatirlanmas1 ve etkinlestirilmesi.
Kaynak: [1], 34-50.

Vektér  alanlar1  arasinda  dogrusa
kombinasyon, Lie parantezi (bracket),
Tanjant uzaylar1 ve tanjant demeti]
kavramlarmin ~ hatirlanmas1  ve  ilgili
boliimlerin okunmasi. Kaynak: [1], 5-35.

|Ara Sinav 1

Smav haftasina kadar iglenen konularin
tiimiiniin tekrar edilmesi

IKonu Anlatimi: Matris Lie gruplart

Sinif-ici Tartisma (15 dk.): Genel lineer matris gruplar1 GL(n,R)
ve 6zel lineer matris gruplar1 SL(n,R) gibi temel matris gruplarina
iliskin tartismanin yapilmast

Matris islemleri, ters matris, determinant,
6zdeger/6zvektor kavramlari, grup kavrami
ve gruplarin temel ozelliklerini

hatirlanmasi ve etkinlestirilmesi.

Matrix  grubunun  tamimi, grup  ve
diferansiyel manifold yapis1 iizerine ilgili
boliimlerin okunmasi. Kaynak: [1], 54-55.

10

IKonu Anlatimi: Lie gruplar ve Lie cebirleri

Smif-ici Uygulama (5 dk.): Basit diizeyde denklemlerin
cozlimlerinin nasil bulundugu lizerine uygulamanin yaptirilmast

Kisa Smav 3 (15 dk.): Grup ve Lie cebiri kavramlarini anlayip
temel Ornekleri tanima, matris gruplar iizerinde Lie parantezini|
hesaplama ve Lie cebiri ile Lie grubu arasindaki iliskiyi
kavrayabilme yetenegini 6lgmek igin ilgili konular igeren bir kisal
sinavin yapilmasi.

Grup kavramini, matris ve lineer cebi
bilgilerini (matris c¢arpimi, ters matris,
determinant, ozdeger/6zvektor),
diferansiyellenebilir manifoldlarin temel|
ozelliklerini ve vektor alanlari ile Lie tiirevi
kavramlarinin hatirlanmast Y
etkinlestirilmesi.

Lie grubu ve Lie cebirinin tanimi
manifoldlarda verilen Orneklerin hangi
sartlarda bir Lie grubu olacagiyle ilgili
konular1 igeren bolimlerin  okunmast.
Kaynak: [1], 82-88.

Kisa Sinav 3: (matris gruplar1 iizerinde Lie]
parantezini hesaplama ve Lie cebiri ile Lie
grubu arasindaki iliskiyi  6grendigini
6lemek) Kaynak: [1], 40-42.

11

Konu Anlatimi: Oklid uzaylari {izerinde lineer kontrol sistemleri

Smif-ici Tartisma (15 dk.): Lineer denklem sistemlerinin
cozlimlerinin disiplin i¢i ve disiplinlerarasi uygulamalarina iliskin|
tartismanin yapilmasi

Diferansiyel denklemler, sistem
dinamikleri kavramlari, R”n iizerindeki
temel lineer sistem Ornekleri, linee
denklem sistemlerinin determinan
yardimiyla ¢oziimii ve lineer denklem|
sistemlerinin ¢Oziimiiniin geometri

uygulamalart konularini igeren boliimleri

okunarak hatirlanmasi ve etkinlestirilmesi.
Kaynak: [2], 1-15.

Oklid uzaylart {izerinde lineer kontrol
sistemleri konularmn1 iceren bdliimlerin|
okunmasi. Kaynak: Ders Kitabi, 20-25.

12

Konu Anlatimi: Genel kontrol sistemleri

Kisa Smav 4 (15 dk.): Ders sonunda, derste islenen konulari
iceren bir kisa sinavin yapilmasi

Dinamik sistemler, diferansiyel denklemler,
girig(input)-cikig(output) iliskileri ve linee
cebir konularindaki temel bilgilerini
tazeleyerek, sistem modeli kurma ve analiz]
etme  kavramlarmin  hatirlanmasi  ve]
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etkinlestirilmesi. Kaynak: Ders Kitabi, 25-
31.

Genel Kontrol Sistemleri konularini igere
boliimlerin okunmasi. Kaynak: [2], 16-24.
Kisa Smav 4: (lineer denkle
sistemlerinin geometrik control adi altind
Oklid uzaylar1 {izerine uygulamasi)
Kaynak: Ders Kitabi, 20-25.

IKonu Anlatimi: Genel kontrol sistemleri

13 Simif-ici Uygulama: (15 dk) Genel kontrol sistemleri iizerine,
fiziksel bir 6rnegin smif igi ¢Oziimiiniin yapilip, bu ¢oziimiin|
lanalizinin detaylica incelenmesi

Dinamik sistemler, giris-¢ikis denklemleri,)
durum uzayi, siirekli ve ayrik zamanli
sistemler ile temel lineer cebir ve analiz
bilgilerini hatirlayarak, sistem modeli
kurma ve davranmis analizine iliskin 6

bilgilerin hatirlanmasi ve etkinlestirilmesi.
Kaynak: Ders Kitabi, 95-100.

Genel Kontrol Sistemleri konularini igere:

boliimlerin okunmasi. Kaynak: [3], 26-29.

IKonu Anlatimi: Kontrol edilebilirlik problemi

Simif-i¢i Uygulama: (15 dk) Rocket-Car probleminin sinif iginde
detaylica ele alinip, hangi sartlar ile arabanin belirli bir noktadal

14 durdurabileceginin ele alinmast

Kisa Smav 5 (15 dk.) Ders sonunda, derste islenen konulari
iceren bir kisa sinavin yapilmasi

Lineer sistemlerin durum uzay1 temsillerini,
diferansiyel  denklemlerle  tanimlanan
sistem dinamiklerini ve kontrol fonksiyonu
iceren denklem i¢in bunlarin iligkilerini
hatirlanmasi ve etkinlestirilmesi. Kaynak|
Ders Kitabi, 64-70.

Bir lineer kontrol igeren diferansiyel]
denklem sisteminin kontrol edilebilirli
problemi ile iliskili boliimlerin okunmasi.
Kaynak: [2], 36-37.

Kisa Smav 5: Derste islenen problemi
iizerine kisa bir smav yapilmasi vel
Ogrencinin problemi ele alis bi¢iminin|
Olciilmesi.

Sinif-i¢ci Uygulama (15 dk.): Farkl: tipteki kontrol problemlerinin|
tanitilmasi ve kurgulanmast

15 Smif-i¢i Tartisma (5 dk.): Bu problemlerin farkli bir Lie grubu|
lya da manifold iizerindeki temsillerinin ne olabilecegine dair
tartismanin yapilmasi

Herhangi bir Lie grubu veya genel bi
tiirevlenebilir manifold iizerinde kontrol
probleminin detaylica ve iyi tanimli olacak]
sekilde kurgusunun hazirlanmast  ve
analizinin yapilmasi.

16 IFinal

Islenen konularin tiimiiniin tekrar edilmesi

AKTS iSYUKU TABLOSU

Etkinlikler

Toplam fsyiikii

Ders Saati 3

Say1 Siiresi
(Saat)
e |

42

Laboratuar H

Uygulama (s6zlii Sinav)

Arazi Calismasi

Sinif Dis1 Ders Calismasi

Derse Ozgii Staj

Odev

Kiiciik Smavlar/Stiidyo Kritigi

Projeler

Sunum / Seminer

Ara Smavlar (Simnav Siiresi + Sinav
Hazirhk Siiresi)

Final (Smmav Siiresi + Sinav
Hazirhk Siiresi)
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Toplam s yiikii:

Toplam s yiikii / 30(s):

AKTS Kredisi:
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COURSE INFORMATION FORM

I FACULTY / GRADUATE SCHOOL Faculty of Arts and Sciences I

DEPARTMENT / PROGRAMME

Mathematics

TITLE OF COURSE

Introduction to Control Theory

CODE

MAT4390

LOCAL CREDIT

3

ECTS

LECTURE HOUR / WEEK

PRACTICAL HOUR / WEEK

LABORATORY HOUR / WEEK

PREREQUISITE

None

SEMESTER

Fall/Spring

COURSE LANGUAGE

English, Turkish

LEVEL OF COURSE

First Cycle

COURSE TYPE

Required @ Bachelor Programme in Mathematics

COURSE CATEGORY

Core Courses

MODE OF DELIVERY

Face-to-Face

OWNER ACADEMIC UNIT

Department of Mathematics

COURSE COORDINATOR

ASSISTANT(S)

COURSE OBJECTIVES

This course aims to help students to the fundamentals of mathematical control theory.
Students will develop an understanding of the role that commonly used concepts from
various mathematical disciplines play within geometric control theory and gain a general
overview of its applications. Furthermore, the importance of differential geometry in
control theory will be emphasized, and the contributions of Lie theory to this field will be
examined.

COURSE CONTENT

Differantiable manifolds; tangent space, tangent bundle; Lie derivation, Lie groups, Lie
algebra; general control systems, various control systems; classical problems.

RECOMMENDED OR REQUIRED
READINGS

Coursebook:

Jurdjevic, Velimir. Geometric Control Theory. Cambridge University Press, 1997.

Required Readings:

[1] Warner, Frank W. Foundations of Differentiable Manifolds and Lie Groups. Scott,
Foresman and Company, 1971.

[2] Sachkov, Yuri L. Control Theory on Lie Groups Lectures Notes. Journal of
Mathematical Sciences, 2009.

[3] Munkres, James. Topology. 2nd ed., Prentice-Hall, New Jersey, 2000.

Course Learning Outcomes

Upon successful completion of the course, students will be able to:

to the fundamental concepts of mathematical control theory different
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types of problems by defining them.

Explain the use of common concepts from various mathematical disciplines
(analysis, algebra, geometry) within control theory.

Discuss the main applications of control theory in engineering and mathematics
using examples.

Analyse control systems using the tools of differential geometry.

Explain the role of Lie groups and Lie algebras in control theory.

Develop an interdisciplinary perspective by relating control theory to other
areas of mathematics.

EVALUATION SYSTEM

Activities Number Percentage of Grade
Attendance/Participation:
e  Content: Student attendance and participation in the course.
e Detailed Assessment Criteria:
14 %5
-Active participation in lessons and asking questions
-Ability to contribute to in-class discussions and problem-solving
processes
Laboratory H H
Application (Oral Examination):
e  Content: Students will be asked to explain fundamental concepts of
control theory and to propose a solution to a practical problem.
e  Format: Individual oral examination with each student (5-10
minutes). 1 %15
e Detailed Assessment Criteria:
-Ability to explain concepts
-Ability to solve problems
-Ability to articulate problem solutions
‘ Field Work H H ‘
| Special Course Internship (Work Placement) H H ‘
Quizzes/Studio Critics:
e  Content: Comprehensive questions covering all topics addressed up
to the exam week
e  Format: Face-to-face multiple-choice quiz (5-10 minutes)
6 %20

o  Detailed Assessment Criteria:

-Ability to solve problems related to the theoretical topics covered in
the course

‘ Homework Assignments H H ‘

| Presentations/Jury H H ‘

‘ Project H H ‘

‘ Seminar/Workshop
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Midterms:
e  Content: Comprehensive questions covering all topics addressed up
to the exam week

Format: Face-to-face written exam. (90 minutes).

Detailed Assessment Criteria:

-Demonstration of understanding of the fundamental concepts of the
course

-Ability to solve problems related to theoretical topics

-Ability to carry out theoretical reasoning processes

Content: Comprehensive questions covering the entire content of the
course

Format: Face-to-face written exam. (90 minutes).

Detailed Assessment Criteria:

-Ability to apply advanced problem-solving skills
-Demonstration of a thorough understanding of all topics
covered in the course

Percentage of In-Term Studies H

Percentage of Final Examination H

TOTAL H

WEEKS COURSE OUTLINE Related Preparation
Lecture: Differentiable manifolds
Recollection and activation of prior knowledge on the
Quick Practice (5 minutes): Guided practice on the] concepts of topological spaces, subtopologies, and
concepts of topological spaces and subspaces. bases. Source: [3], 75-78.
1 Reading the sections covering the concepts of
In-Class Discussion (5 minutes): Discussion on ho manifold, topological manifold, and differentiable
the concept of a derivative can be defined on an| manifold in detail. Source: [1], 5-10.
arbitrary set
Recollection and activation of prior knowledge on the
Lecture: Differentiable (smooth) manifolds concepts of closed/open sets, continuous functions,
homeomorphisms, and Hausdorff spaces. Source: [3],
Practice (10 minutes): Guided practice the concepts of 92-109.
5 Hausdorff and second countability and making Reading the sections on submanifolds,
applications of these concepts, diffeomorphisms, and the inverse function theorem on
differentiable manifolds. Source: [1], 10-16.
Quiz 1 (15 minutes): A short quiz at the end of the Quiz 1: (on examples of differentiable manifolds).
class covering the topics discussed during the lecture Source: [1], 5-16.
Recollection and activation of prior knowledge on the
concepts of derivative and partial derivatives,
Lecture: Tangent space refreshing knowledge of basis and dimension from
linear algebra, and reviewing prior knowledge related
3 Practice (15 minutes): Comparison of the geometric to tangent lines/planes in R”n.
and algebraic constructions of the tangent space E?a%i;gz 1the sections covering tangent spaces. Source:
Lecture: Tangent space Recollection and activation of prior knowledge on the
concept of tangent vectors through the differentiability
4 Practice (15 minutes): Application exercises on linea of curves. Source: Coursebook, 3-11.
transformations and the concept of differentials, Reading the sections on the relationship between
including the chain rule for real functions and tangent vectors and vector fields. Source: Coursebook,
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derivatives of multivariable functions

11-14.

Lecture: Tangent bundle

In-Class Discussion (10 minutes): Discussion on th
concepts of Cartesian product and fibers, reviewing
how tangent spaces combine under the global structure
of the bundle and related supporting concepts

Recollection and activation of prior knowledge on the
concept of tangent space, the definition of
differentiable manifolds, and simple examples,
focusing on understanding the structure obtained by
combining all tangent spaces. Source: Coursebook, 1-
14.

Reading the sections on tangent bundles and related
concepts. Source: [1], 34-41.

Lecture: Lie derivative

Practice (15 minutes): Application exercises on the
relationship between vector fields and the Lie
derivative

Quiz 2 (15 minutes): Assessment of students’ abilit
to understand the concept of vector fields, compute]
their basic properties, apply differential analyses such
as gradient, divergence, and curl, and comprehend the
lbehavior of these fields on manifolds

Recollection and activation of prior knowledge on the
concept of vector fields and the fundamental properties
of derivative operators, with a focus on the idea of
differentiating one vector field along another. Source:
[1], 5-40.

Quiz 2: (reviewing the vector fields studied so far
along with the related theorems and applications)

Lecture: Lie derivative

Practice (15 minutes): Examining the local behavio
in differentiable manifolds using tangent spaces and the
Lie derivative

Recollection and activation of prior knowledge on
vector fields and their flows. Source: [1], 34-50.
Reading the sections reviewing tangent spaces and
tangent bundles, including the concepts of linear
combinations and the Lie bracket between vector
fields. Source: [1], 5-35.

Midterm 1

Review of all topics covered up to the exam week.

Lecture: Matrix Lie groups

In-Class Discussion (15 minutes): Discussion on|
fundamental matrix groups such as general linea
groups GL(n,R) and special linear groups SL(n,R)

Recollection and activation of prior knowledge on
matrix operations, inverse matrices, determinants,
eigenvalues/eigenvectors from linear algebra, and on
the concept of groups and their fundamental properties.
Reading the sections on the definition of matrix groups,
and their group and differentiable manifold structures.
Source: [1], 54-55.

10

Lecture: Lie groups and Lie algebras

Quick Practice (5 minutes): Exercises on finding
solutions of simple equations

Quiz 3 (15 minutes): A short quiz covering topics|
designed to assess students’ understanding of group
and Lie algebra concepts, recognition of basic]
examples, computation of the Lie bracket on matrix|
groups, and comprehension of the relationship between
a Lie algebra and its corresponding Lie group

Recollection and activation of prior knowledge on the
concept of groups, matrix and linear algebra
knowledge (matrix multiplication, inverse matrices,
determinants, eigenvalues/eigenvectors), fundamental
properties of differentiable manifolds, and the concepts
of vector fields and the Lie derivative.

Reading the sections covering the definition of Lie
groups and Lie algebras, including examples on
manifolds and the conditions under which they form a
Lie group. Source: [1], 82-88.

Quiz 3: (assessing understanding of computing the Lie
bracket on matrix groups and the relationship between
a Lie algebra and its corresponding Lie group) Source:
[1], 40-42.

11

Lecture: Linear control systems on Euclidean spaces

In-Class Discussion (15 minutes): Discussion on th
applications of solutions of linear equation systems
within the discipline and across interdisciplina;

contexts

Recollection and activation of prior knowledge on the
concepts of differential equations and system
dynamics, including basic examples of linear systems
in R”n, solution of linear equation systems using
determinants, and the geometric applications of these
solutions. Source: [2], 1-15.

Reading the sections covering linear control systems on
Euclidean spaces. Source: Coursebook, 20-25.

12

Lecture: General control systems

Quiz 4 (15 minutes): A short quiz at the end of the
class covering the topics discussed during the lecture

Recollection and activation of prior knowledge on
dynamic systems, differential equations, input-output
relationships, and linear algebra, focusing on recalling
and reinforcing the concepts of system modeling and
analysis. Source: Coursebook, 25-31.
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2. Reading the sections covering general control systems.
Source: [2], 16-24.
3. Quiz 4: (application of linear equation systems in
Euclidean spaces under the framework of geometric
control). Source: Coursebook, 20-25.
1. Recollection and activation of prior knowledge on
Lecture: General control systems dyngmlc systems, input-output equations, state space,
continuous and discrete-time systems, along with basic
13 Practice (15 minutes): Solving a physical example llgear aligebra and analysis, focusing on recalling apd
. reinforcing concepts of system modeling and behavior
related to general control systems in class, followed by .
. . ) analysis. Source: Coursebook, 95-100.
a detailed analysis of the solution. . . .
2. Reading the sections covering general control systems.
Source: [3], 26-29.
1. Recollection and activation of prior knowledge on
Lecture: Controllability problem state-space representations of linear systems, system
dynamics defined by differential equations, and their
Practice (15 minutes): Detailed in-class analysis o relationships  with  equations including control
14 the Rocket-Car problem, examining the conditions| functions. Source: Coursebook, 64-70.
under which the car can be brought to a specific point. 2. Reading the sections related to the controllability
problem of a differential equation system with a linear
Quiz 5 (15 minutes): A short quiz at the end of the control. Source: [2], 36-37.
class covering the topics discussed during the lecture 3. Quiz 5: A short quiz on the problem covered in class,
assessing the student’s approach to the problem.
Practice (15 minutes): Introduction and formulation o
different types of control problems 1. Recollection and activation of prior knowledge on
. . fi lati lyzi trol lem i tail
15 In-Class Discussion (5 minutes): Discussion on ho ormuatng and analyzing a control prob emm detai
. ) and in a well-defined manner on any Lie group or
these problems could be represented on different Lie . . .
. general differentiable manifold.
groups or manifolds
16 Final Review of all topics covered.
ECTS WORKLOAD TABLE
Activities Number Duration Total Workload
(Hour)
Course Hours H 14 H 3 H 42
Laboratory H H H
Application H 1 H 4 H 4
Field Work H H H
Study Hours Out of Class H 14 H 4 H 56
Special Course Internship (Work Placement) H H H
Homework Assignments H H H
Quizzes/Studio Critics H 5 H 2 H 10
Project | | |
Presentations / Seminar H H H
Mid-Terms (Examination Duration + Examination Prep. Duration) H 1 H 10 H 10
Final (Examination Duration + Examination Prep. Duration) H 1 H 15 H 15
Total Workload: H 137
Total Workload / 30(h): H 4.57
ECTS Credit: 5
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Ders Odrenim Ciktis1 & Program Ciktis1 Matrisi

Pg;-l Geometri, analiz,

topoloji, soyut matematik,
cebir ve diferansiyel
denklemler gibi matematigin
temel alanlarindaki tanimlari
ve teoremleri ifade
edebilecek, bunlar arasinda
iligki kurabilecek ve
teoremlerin  uygulamalarimni
aciklayabileceklerdir. / State
the definitions and theorems
in fundamental areas of
mathematics such as
geometry, analysis, topology,
abstract mathematics, and
differential equations,
establish connections between
them and explain their
applications.

P Q-Z Matematik alanindaki

teorik ve uygulamali
bilgilerini ve matematiksel
diisiinme becerilerini
kullanarak standart ve
karmagik matematiksel
problemleri tanimlayabilecek
ve analitik ve/veya sayisal
yontemlerle ¢o6zebilecek ve
matematiksel bir Onermenin
gecerliligini  farkli  ispat
yontemleri ile
ispatlayabileceklerdir. /
Identify standard and complex
mathematical problems, solve
these problems with analytical
and/or numerical methods and
prove the validity of a
mathematical proposition
through various proof
techniques using their
theoretical and applied
knowledge of mathematics
and mathematical thinking
skills.

PS:-3 Matematik alanindaki

teorik ve uygulamali
bilgilerini ve matematiksel
diisiinme becerilerini
kullanarak gergek hayattaki
problemlerin  matematiksel
modellerini gelistirebilecek ve
bu  modelleri  kullanarak
problemlere gecerli ¢oziimler
tiretebileceklerdir. / Develop
mathematical models for real-
life problems and generate
valid solutions based on these
models using their theoretical
and applied knowledge of
mathematics and
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mathematical thinking skills.

P g-4 Disiplinlerarast bir

yaklagimla, farkli alanlarda
edinmis olduklar1  bilgileri
sentezleyebileceklerdir. /
Synthesise knowledge
acquired  from  different
disciplines through an
interdisciplinary approach.

Pg;-S Matematik alaninda
edindikleri bilgi birikimlerini
ve matematiksel diigiinme
becerilerini, teorik matematik,
yazilim, finans ve yOnetim
matematigi, biyomatematik,
veri bilimi ve finansal
istatistik ~ yontemleri  gibi
disiplin-i¢i ve disiplinlerarasi
uzmanlik alanlarinda
gelistirebileceklerdir. /
Advance  their  acquired
knowledge in mathematics
and mathematical thinking
skills in both disciplinary and
interdisciplinary  areas  of
specialisation such as pure
mathematics, software,
financial and managerial
mathematics, biomathematics,
data science, and financial
statistical methods.

Pg-6 Matematik alaninda

yaygin olarak kullanilan en az
bir programlama dili ile
bilgisayar ve yapay zeka
teknolojilerini,  problemleri
¢ozmek, veri analizi yapmak
ve simiilasyonlar
gerceklestirmek igin
kullanabileceklerdir. / Use at
least one  programming
language and computer and
artificial intelligence
technologies widely employed
in mathematics for problem-
solving, data analysis, and
simulations.

PC-7 Matematik ve ilgili

alanlardaki bilimsel ve
teknolojik gelismeleri
izleyebilecek, kariyer
firsatlarini degerlendirerek
kisisel ve mesleki gelisim
hedeflerini belirleyebilecek ve
bu hedeflere ulagsmak ig¢in
hayat boyu O0grenme
stratejilerini = = - - = -
kullanabileceklerdir. / Follow
scientific and technological
developments in mathematics
and related fields, assess
career opportunities, identify
personal and professional
development goals, and adopt
lifelong learning strategies to
achieve these goals.
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PC-8 Bilimsel
aragtirmalarin1 ~ ve  mesleki
faaliyetlerini yiiriitiirken
dogabilecek hukuksal
sonuglari ve toplumsal etkileri
dikkate alarak mesleki etik
ilkeler, kalite standartlari ile
evrensel degerler
dogrultusunda  ve  sosyal
sorumluluk bilinci ve adalet
duygusuyla hareket - - - - - -
edebileceklerdir. / Act with a
sense of social responsibility
and justice and in accordance
with  professional  ethical
principles, quality standards,
and universal values by taking
into account potential legal
and societal consequences of
their scientific research and
professional activities.

PS ‘-9 Bireysel olarak ya da

takimlarda  etkin  bigimde
calisabileceklerdir. /  Work
effectively both independently
and as part of a team.

PQ-IO Matematik alaninda

giivenilir bilgi kaynaklarina
ulasarak literatlir taramasi
yapabilecek ve akademik

199
1%
1w
1w
1
1w

aragtirma tasarlayip
yiiriitebileceklerdir. /  Access - = = = - -
reliable sources of

information, conduct literature
reviews, and design and carry
out academic research in the
field of mathematics.

PS ;-1 1 Matematiksel

konular1, teorileri, ispatlari,
aragtirmalart  ve  problem
¢Oziimlerini, matematik
terminolojisi kullanarak tiim
paydaslara Tiirkge ve
Ingilizcede sozlii ve yazili
olarak etkili bigimde
aktarabileceklerdir. /
Effectively communicate
mathematical topics, theories,
proofs, research, and problem
solutions to all relevant
stakeholders using appropriate
mathematical ~ terminology,
both orally and in writing, in
Turkish and in English.
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