FAKULTE / ENSTITU ADI

DERS BiLGi FORMU

Fen Edebiyat Fakiiltesi

BOLUM / PROGRAM /
ANABILIiM DALI ADI

Matematik

DERSIN ADI

Fonksiyonel Analize Giris

DERSIN KODU

MAT4041

YEREL KREDISi

4

AKTS KREDISi

8

HAFTALIK DERS SAATI

HAFTALIK UYGULAMA SAATI

HAFTALIK LABORATUVAR
SAATI

ONKOSULLAR

Yok

YARIYIL

Giiz

DERSIN DiLi

Ingilizce, Tiirkce

DERSIN SEVIYESi

Lisans

DERSIN TURU

Zorunlu @Matematik Lisans Program

DERSIN KATEGORISi

Temel Meslek Dersleri

DERSIN VERILIS SEKLI

Yiiz Yiize

DERSi SUNAN AKADEMIK
BiRiM

Matematik Boliimii

DERSIN KOORDINATORU

Omer GOK

ASISTAN(LAR)

DERSIN AMACI

Bu dersin amaci, metrik uzaylar, normlu uzaylar ve Hilbert uzaylarinin temelini vermektir.

DERSIN ICERIiGi

Metrik uzaylar; Holder ve Minkowski esitsizlikleri; metrik uzaylarda diziler; tam metrik
uzaylar; metrik uzaylarda tamlanma; vektor uzaylari;; normlu uzaylar, normlu uzaylarda
diziler; Banach uzaylari; normlu uzaylarda lineer operatorler; stireklilik, smirlilik; Pre-
Hilbert uzaylari, Hilbert uzaylari.

DERS KiTABI / MALZEMESI /
ONERILEN KAYNAKLAR

Ders Kitabi:
[1] Gok, Omer. Fonksiyonel Analize Giris. YTU Basim-Yayim Merkezi, 2021.

[2] Kreyszig, Erwin. Introductory Functional Analysis with Applications. J. Wiley S., New
York, Singapore, 1978.

Zorunlu Kaynaklar:

[1] Maddox, L.J. Elements of Functional Analysis. Camb. Univ. Press, New York, Sydney,
1988.

[2] Nesin, Ali. Analiz 1: Gergel Say Sistemi, Diziler, Seriler. Nesin Yaymcilik, 5.baski,
2024.

[3] Suhubi, Erdogan S. Fonksiyonel Analiz. ITU Vakfi Yayinlari, No.38, 2001.

Onerilen Kaynaklar:
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Giil, Erdal. Topolojiye Giris. Papatya Yayincilik Egitim, Istanbul, 2018.

Bu dersi basartyla tamamlayan 6grenciler,
1. Topolojik uzaylarin uygulamalarini yorumlayabileceklerdir.
2. Metrik uzaylari ifade edebileceklerdir.

Ders Ogrenim Ciktilar: 3. Normlu uzaylari analiz edebileceklerdir.

4. Banach uzaylarini degerlendirebileceklerdir.

5. Hilbert uzaylarini analiz edebileceklerdir.

DEGERLENDIRME SiSTEMIi

| Etkinlikler Say1 Katki Pay1

| Devam/Katilim

| Laboratuvar H H

| Uygulama H H

| Arazi Calismasi H H

Derse Ozgii Staj

Kisa Sinavlar/Stiidyo Kritigi (Zorunlu):
e icerik: Smav haftasina kadar islenen konularin tiimiinii kapsayan
kapsamli sorularin sorulmast

e  Format: Yiiz ylize. Coktan se¢meli kisa sinav (10-15 dakika) 4 %20

e  Detayh Degerlendirme Kriterleri:

-Derste iglenen teorik konular ile ilgili problemleri ¢6zebilme

[Odev | |

‘ Sunum/Jiiri H H

[proje | |

‘ Seminer/Workshop H H

Ara Smavlar:
e icerik: Sinav haftasma kadar islenen konularm timiinii kapsayan
kapsamli sorular

e  Format: Yiiz ylize. Smav (90 dakika)

1 %40

e Detayh Degerlendirme Kriterleri:

-Dersin temel kavramlarinin anlasildigmin gosterilmesi

-Teorik konularla ilgili problemlerin ¢oziilebilmesi

-Teorik diisiinme siireclerinin yiiriitiilmesi

Final:

e icerik: Dersin tiim igerigini kapsayan kapsaml sorular
e  Format: Yiiz yiize. Sinav (90 dakika)
e Detayh Degerlendirme Kriterleri: 1 %40

-Derste islenen tiim konularin derinlemesine kavranmig
oldugunun gosterilmesi
-ileri diizey problem ¢dzme becerilerinin kullamlabilmesi
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Dénem ici Cahsmalarin Basar1 Notuna Katkis H %60
| Final Sinavinin Basar1 Notuna Katkisi H %40
TOPLAM H %100

HAFTALIK KONULAR VE iLGILi ON HAZIRLIK CALISMALARI

HAFTALAR

KONULAR

On Hazirhk

Konu Anlatimi: Metrik uzaylar

Simif-ici Uygulama (5 dk.): Metrik tanimu ile ilgili uygulamanin|
lyaptirtlmasi

Kiime, kartezyen c¢arpim ve fonksiyo
kavramlarinin hatirlanmasi vel
etkinlestirilmesi. Kaynaklar: Ders Kitabi

1 [1], 1-6. 3], 2-27.
.. . . I Metrik ve metrik uzaylari i¢eren boliimleri
Smif-i¢ci Tartisjma (5 dk.): Metrik uzaylar iizerine tartigmanin| okunmast. Kaynaklar: Ders Kitabi [1], 7-
lyapilmasi 17
IKonu Anlatimi: Holder ve Minkowski esitsizlikleri AM-GM esitsizligi, genellestirilmis Young
e o T . esitsizligi ve Cauchy-Schwarz esitsizligini
Elnglgiglffu??zl(ri:s:(.)' Uggen esitsizligine hazirlik olarak bix hatirlanmas1 ve etkinlestirilmesi. Kaynak|
2 e yap [2], 47-61.
.. . P Hoélder ve Minkowski esitsizlikerini igere
Simf-ici Tartisma (5 dk.): Cauchy-Scwarz esitsizligi béliimlerin okunmasi. Kaynak: Ders Kitabi
ile iligkisinin tartigilmasi
[1], 15-20.
Konu Anlatimi: Metrik uzaylarin alt kiimeleri
- A . . Oklid uzaylarda kiimelerin hatirlanmasi ve
S;mtf;;& ;J:lfgulama (5 dk): Metriklere gore grafik uygulamasinin| etkinlestirilmesi. Kaynak: [2], 9-22.
yap Metrik uzaylarda agik kiime, kapali kiime]
. . L AL . ve  komsuluk  kavramlarim1  igeren
3 tS;rltlllfIllIg;:a;artlsma (5 dk.): Oklid uzay:r ile karsilastirmanin boliimlerin okunmast. Kaynak: Ders Kitabi
3 [2], 17-23.
. . . . Kisa Smnav 1: Kaynaklar: Ders Kitab1 [1],
Kisa Smav 1 (15 dk.): Ders sonunda, islenen konulari igeren bir] 1-20. Ders Kitab [2], 17-23.
kisa sinavin yapilmasi
IKonu Anlatimi: Metrik uzaylarda diziler
S.m.lfflcl Uygulamg G dk.').: n—b oyutluv Okh(.i uzayinda her snirls Gergel sayr dizilerinin hatirlanmasi  ve
dizinin yakinsak bir alt dizisinin varliginin ispatinin yaptirtlmasi . o .
4 (Bolzano-Weierstrass Teoremi) etkinlestirilmesi. Kaynak: [2], 75-81
Metrik uzaylarda dizileri igeren boliimlerin|
Smif-ici Tartisma (5 dk.): Dizilerle kompaktligin kontrol okunmast. Kaynak: Ders Kitabt [2], 25-31.
edilebilirlik tartigmasini yapilmasi (Heine-Borel Teoremi)
IKonu Anlatimi: Tam metrik uzaylar
Gergel sayilarin tamligi, alt dizi ve limit
Sinif-ici Uygulama (5 dk): Banach sabit nokta teoreminin| noktasi ve sikigtirma teoremi konularint
uygulamasinin yaptirilmast. hatirlanmasi ve etkinlestirilmesi. Kaynak:
5 [2], 141-148.
Smif-i¢i Tartisma (5 dk.): Denklemlerin ¢6ziimiiniin sabit nokta| Tam metrik uzaylara temel 6rnekleri igeren
yontemiyle bulma uygulamalariin tartigilmasi (sayisal analizde] boliimlerin okunmasi. Kaynak: Ders Kitabi
kok bulma) [2], 32-40.
Konu Anlatimi: Metrik uzaylarin tamlanmasi Denklik bagntis ve bolim  kiimesi
.. . e konularmin hatirlanmasi ve
?lnlf-l@l Uygulama (5 dk.): Metrik uzaylarin tamlanmasi ile ilgili etkinlestirilmesi. Kaynak: Ders Kitabt [1];
6rnekler yaptirilmasi 47.48
6 Sinif-i¢i Tartisma (5 dk.): Taml K tartisil Metrik uzaylarin  tamlanmasini  igeren
tni-iet 18 )3 Caiatina kavraminm tartistmast boliimlerin okunmasi. Kaynak: Ders Kitabj
. . Lo [1], 23-30. Ders Kitab1 [2], 41-45.
Kisa Smav 2 (15 dk.): Gegmis konularla ilgili bir kisa smavin Kisa Smav 2: Kaynaklar: Ders Kitabt [1]
yapilmasi
ve [2].
Konu Anlatimu: Vekior uzaylar Kiime, bagimt1 ve fonksiyon kavramlarinin
- . . - hatirlanmasi ve etkinlestirilmesi.
7 Smif-ici Uygulama (5 dk.): Vektdr uzaylarina dair Ornekler Kaynaklar: Ders Kitabi [1], 1-6. [3], 2-27.

lyaptirilmasi

Siif-i¢i Tartisma (5 dk.): Temel 6rneklerin tartisilmasi

Vektor uzaylarmi  igeren  boliimleri
okunmasi. Kaynak: Ders Kitabi [2], 50-55.
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|Ara Sinav 1

Siav haftasina kadar islenen konularmn
tiimiiniin tekrar edilmesi

IKonu Anlatimi: Normlu uzaylar

Simif-i¢i Uygulama (5 dk.): Metrik ile iliskisine ait uygulamanin|
lyaptirilmasi

Smif-ici Tartisma (5 dk.): Ornekler iizerine tartismanin|
lyapilmasi

Onceki  derslerde  islenen  konular
hatirlanmasi ve etkinlestirilmesi|
Kaynaklar: Ders Kitabi [1] ve [2].

Normlu  uzaylari  igeren  boliimleri
okunmasi. Kaynaklar: Ders Kitab1 [1], 38
48. Ders Kitab1 [2], 58-80.

10

IKonu Anlatimi: Normlu uzaylarda diziler

Smif-i¢i Uygulama (5 dk.): Dizilerin smirliligi ve yakinsakliginal
6rnek yaptirtlmasi

Smif-ici Tartisma (5 dk.): Yakinsak dizinin sinirli olmasi
tartismasinin yapilmasi

Metrik uzaylarda dizilerin hatirlanmasi ve
etkinlestirilmesi. Kaynaklar: Ders Kitab
[1] ve [2].
Normlu  uzaylarda  dizileri iceren|
boliimlerin okunmasi. Kaynak: Ders Kitab
[1], 49-62.

11

IKonu Anlatimi: Banach uzaylar

Simif-i¢i Uygulama (5 dk.): {leri bir 6rnegin yaptirilmasi.
Sinif-ici Tartisma (5 dk.): Diferansiyel denklemlerin ¢dztiimiinde
iya da integral denklemlerde kullanimi uygulamalarma iligkin|

tartismanin yapilmasi

Kisa Smav 3 (15 dk.): Ders sonunda, derste islenen konulari
iceren bir kisa sinavin yapilmasi

Tam kiime ilgili konularin hatirlanmasi ve
etkinlestirilmesi. Kaynaklar: Ders Kitabi
[1] ve [2].

Banach uzaylarim1 iceren boliimleri
okunmasi. Kaynak: Ders Kitabi [1], 49-62.
Kisa Smmav 3: Kaynak: Ders Kitab1 [1], 49
62.

12

Konu Anlatimi: Normlu uzaylarda lineer operatorler; siireklilik,
sinirlilik

Simif-i¢ci Uygulama (5 dk.): Siireklilik ile ilgili uygulamanin
lyaptirtlmasi

Sinif-ici Tartisma (5 dk.): Sinirli ve siirekli operatorler ile ilgili
tartismanin yapilmast

Vektor uzaylarda lineer doniistimleri
hatirlanmas1 ve etkinlestirilmesi. Kaynak:
[31, 79-89.

Normlu uzaylarda lineer operatorleri igere
bolimlerin okunmasi. Kaynak: Ders Kitab
[1], 62-80.

13

IKonu Anlatimi: Pre-Hilbert uzaylari

Simf-ici Uygulama: (5 dk): I¢c carpimla normun iliskisinin|
kullanildig1 uygulamanin yaptirilmasi

Smif-ici Tartisma: (5 dk.): Normun i¢ c¢arpimdan iiretilmesi
tartismasinin yapilmasi

Vektér uzaymnda i¢ c¢arpim kavramint
hatirlanmas1 ve etkinlestirilmesi. Kaynak|
Ders Kitabi [2], 127.

Pre-Hilbert uzaylarini igeren boliimlerin
okunmasi. Kaynak: Ders Kitabi [1],
122-126.

14

IKonu Anlatimi: Hilbert uzaylari

Sinif-ici Uygulama: (5 dk): Hilbert uzaylarma dair Srnekler
yaptirilmas

Smif-i¢ci Tartisma: (5 dk.): Banach uzaymin Hilbert uzayinal
doniistiiriilmesi tartigmasinin yapilmasi

Kisa Smav 4 (15-20 dk.): Ders sonunda, derste islenen konulari
iceren bir kisa sinavin yapilmasi

Pre-Hilbert uzaylar1 ve taml
kavramlarinin hatirlanmasi Ve
etkinlestirilmesi. Kaynaklar: Ders Kitabi
[1] ve [2].

Hilbert uzaylarim iceren  bdliimlerin
okunmasi. Kaynak: Ders Kitab1 [1], 127-
136

Kisa Smav 4: Kaynak: Ders Kitab1 [1],
127-136.

15

Konu Anlatimi: Riesz-Frechet Teoremi

Siif-ici Uygulama (15 dk.): Orneklerle konunun tanitiminin|
lyaptirilmasi

Smmif-i¢ci Tartisma (5 dk.): Hilbert uzaymm Banach uzayi
olmasinin tartigilmasi

Lineer fonksiyonel ve dual uzay
kavramlarunin hatirlanmast ve
etkinlestirilmesi. Kaynak: Ders Kitab1 [1],
87-90.

Riesz-Frechet Teoremi ve  operatd
adjontini igceren bdoliimlerin  okunmast.
Kaynak: Ders Kitab1 [1], 136-142.

16

IFinal

Islenen konularin tiimiiniin tekrar edilmesi
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Etkinlikler liresi Toplam Isyiikii

Ders Saati 56

Laboratuar

Uygulama (sozlii Sinav)

Arazi Calismasi

Sinif Dis1 Ders Calismasi

Derse Ozgii Staj

Odev

Kiiciik Smavlar/Stiidyo Kritigi

Projeler

Sunum / Seminer

Ara Sinavlar (Sinav Siiresi + Sinav
Hazirlik Siiresi)

Final (Sinav Siiresi + Sinav
Hazirlik Siiresi)

Toplam Iy yiikii:

Toplam Is 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 Functional Analysis

CODE

MAT4041

LOCAL CREDIT

4

ECTS

LECTURE HOUR / WEEK

PRACTICAL HOUR / WEEK

LABORATORY HOUR / WEEK

PREREQUISITE

None

SEMESTER

Fall

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

Omer GOK

ASSISTANT(S)

COURSE OBJECTIVES

This course aims to help students gain fundamental of metric spaces, normed spaces and
Hilbert spaces.

COURSE CONTENT

Metric spaces; Holder's and Minkowski's inequalities; sequences in metric spaces;
complete metric space; completion of metric spaces; vector spaces; normed spaces,
sequences in normed spaces; Banach spaces; linear operators on normed spaces;
continuity, boundedness; Pre-Hilbert spaces, Hilbert spaces.

RECOMMENDED OR REQUIRED
READINGS

Coursebook:

[1] Gok, Omer. Fonksiyonel Analize Giris. YTU Publishing, 2021.

[2] Kreyszig, Erwin. Introductory Functional Analysis with Applications. J. Wiley S.,
New York, Singapore, 1978.

Zorunlu Kaynaklar:

[1] Maddox, 1. J. Elements of Functional Analysis. Camb. Univ. Press, New York,
Sydney, 1988.

[2] Nesin, Ali. Analiz 1: Gergel Say: Sistemi, Diziler, Seriler. Nesin Yayimncilik, 5th ed.,
2024.

[3] Suhubi, Erdogan S. Fonksiyonel Analiz. ITU Vakfi Publishing No.38, 2001.

Onerilen Kaynaklar:
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Giil, Erdal. Topolojiye Giris. Papatya Yayincilik Egitim,istanbul, 2025.

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

1. Interpret the applications of topological spaces.
Express metric spaces.

Course Learning Outcomes

Analyze normed spaces.

Analyze the structure of Banch spaces.

Interpret Hilbert spaces.

EVALUATION SYSTEM

| Activities Number Percentage of Grade

| Attendance/Participation H H

| Laboratory H H

| Field Work H H

| Application 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) 4 %20

o  Detailed Assessment Criteria:

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

‘ Homework Assignments H H

‘ Project H H

| Presentations/Jury H H ‘

| Seminar/Workshop H H

Midterms:

e  Content: Comprehensive questions covering all topics addressed up
to the exam week

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

1 %40
o 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

Final:
e Content: Comprehensive questions covering the entire content of the

course 1 %40

e  Format: Face-to-face written exam. (90 minutes).
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-Ability to apply advanced problem-solving skills
-Demonstration of a thorough understanding of all topics
covered in the course

Percentage of In-Term Studies

Percentage of Final Examination

o  Detailed Assessment Criteria:

TOTAL

WEEKLY SUBJECTS AND RELATED PREPARATION STUDIES

WEEKS

COURSE OUTLINE

Related Preparation

Lecture: Metric spaces

Quick Practice (5 minutes): Students will wor
through the application regarding metric definition

In-Class Discussion (5 minutes): Discussion of the]
concept of metric spaces

Recollection and activation of the concepts of set,
cartesian product and function. Sources: Coursebook
[1], 1-6. [3], 2-27.

Reading sections on metrics and metric spaces. Source:
Coursebook [1], 7-17.

Lecture: Holder and Minkowski inequalities

Quick Practice (5 minutes): Students will wor
through preparation for triangle inequality

In-Class Discussion (5 minutes): Discussion of its]
relationship with the Cauchy-Schwarz inequality

Recollection and activation of the AM-GM inequality,
generalized Young's inequality, and the Cauchy-
Schwarz inequality. Source: [2], 47-61.

Reading sections covering Holder and Minkowski
inequalities. Source: Coursebook [1], 15-20.

Lecture: Subsets of metric spaces

Quick Practice (5 minutes): Implementation o
graphics based on metrics

In-Class Discussion (5 minutes): Discussion of
comparison with Euclidean space

Quiz 1 (15 minutes): A quiz at the end of the lesson|
covering the topics covered

Recollection and activation of the sets in Euclidean
spaces. Source: [2], 9-22.

Reading sections covering the concepts of open sets,
closed sets, and neighborhoods in metric spaces.
Source: Coursebook [2], 17-23.

Quiz 1: Sources: Coursebook [1], 1-20. Coursebook
[2], 17-23.

[Lecture: Sequences in metric spaces

Quick Practice (5 minutes): Proving the existence of]
a convergent subsequence of every bounded sequence]
in n-dimensional FEuclidean space (Bolzano
Weierstrass Theorem)

In-Class Discussion (5 minutes): “Can compactness|
be checked with sequences?” (Heine-Borel Theorem)

Recollection and activation of the sequences of real
numbers. Source: [2], 75-81.

Reading sections covering sequences in metric spaces.
Source: Coursebook [2], 25-31.

Lecture: Complete metric spaces

Quick Practice (5 minutes): Application of Banach|
fixed point theorem

In-Class Discussion (5 minutes): Discussing the]
applications of finding the solution of equations by the]
fixed point method (root finding in numerical analysis)

Recollection and activation of the topics of
completeness of real numbers, subsequences and limit
points, and the compression theorem. Source: [2], 141-
148.

Reading sections covering basic examples of complete
metric spaces. Source: Coursebook [2], 32-40.

Lecture: Completion of metric spaces

Quick Practice (5 minutes): Giving examples o
completion of metric spaces

In-Class Discussion (5 minutes): Discussion of the

concept of completion

Recollection and activation of the equivalence relation
and quotient set. Source: Coursebook [1], 47-48.
Reading sections covering completion of metric spaces.
Sources: Coursebook [1], 23-30. Coursebook [2], 41-
45.

Quiz 2: Sources: Coursebook [1] and [2].
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Quiz 2 (15 minutes): A short quiz at the beginning o
the lesson, covering topics

Lecture: Vector spaces

Quick Practice (5 minutes): Giving examples

Recollection and activation of the concepts of set,
relation, and function. Sources: Coursebook [1], 1-6.

7 [3], 2-27.
In-Class Discussion (5 minutes): Discussion on basic Reading sections covering vector spaces. Source:
examples Coursebook [2], 50-55.
8 Midterm 1 Review of all topics covered up to the exam week.
Lecture: Normed spaces
Quick Practice (5 minutes): Students will work o Recollection and activation of the previous topics.
9 relationship with metric Sources: Coursebook [1] and [2].
Reading sections covering normed spaces. Sources:
In-Class Discussion (5 minutes): Discussion on basic] Coursebook [1], 38-48. Coursebook [2], 58-80.
examples
Lecture: Sequences in normed spaces
Quick Practice (5 minutes): Students will work o Recollection and activation of the sequences in metric
examples of boundedness and convergence o ]
spaces. Source: Coursebook [1] and [2].
10 sequences . . . .
Reading sections covering sequences in normed spaces.
In-Class Discussion (5 minutes): Discussing th Source: Coursebook [1], 49-62.
lboundedness of the convergent sequence
Lecture: Banach spaces
Quick Practice (5 minutes): Making an advance
example . . .
Recollection and activation of the related topics to
In-Class Discussion (5 minutes): Discussing the us complete set: S ouree: Cogrsebook [1]and [2]. )
1 of differential equations in solving or integral equations| Reading sections covering Banach  spaces. Source:
1 applications q & gral eq Coursebook [1], 49-62.
pp Quiz 3: Coursebook [1], 49-62.
Quiz 3 (15 minutes): A short quiz at the beginning o
the lesson, covering topics
Lecture: Linear operators on normed spaces,
continuity, boundedness.
Quick Practice (5 minutes): Implementation of th Recollectlor} 'fmd activation ~ of  the - linear
L . transformations in vector spaces. Source: [3], 79-89.
12 application related to continuity . . . . .
Reading sections covering linear operators in normed
In-Class Discussion (5 minutes): Discussion abou spaces. Source: Coursebook [1], 62-80.
lbounded and continuous operators
Lecture: Pre-Hilbet spaces
Quick Practice (5 minutes): Having the application| Recollection and activation of the concept of inner
performed using the relationship between the inne product in vector space. Source: Coursebook [2], 127.
13 product and the norm. Reading sections covering pre-Hilbert spaces.
Source: Coursebook [1], 122-126.
In-Class Discussion (5 minutes): Discussing th
generation of the norm from the inner product
Lecture: Hilbert spaces
Quick Practice (5 minutes): Giving examples Recollection and activation of the pre-Hilbert spaces
and the concept of completeness. Source: Coursebook
14 In-Class Discussion (5 minutes): Discuss the [1] and [2].
imbedding of Banach space into Hilbert space Reading sections covering Hilbert spaces. Source:
Coursebook [1], 127-136.
Quiz 4 (15 minutes) A quiz at the end of the class| Quiz 4: Coursebook [1], 127-136.
covering the topics taught during the session
15 Lecture: Riesz-Frechet Theorem Recollection and activation of the concepts of linear
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In-Class Activity (15 minutes): Presentation witl functional and dual space. Source: Coursebook [1], 87-

lexamples of subject 90.
2. Reading sections covering Riesz-Frechet Theorem and
In-Class Discussion (5 minutes): Discussion bein, operator adjoint. Source: Coursebook [1], 136-142.

Banach space of Hilbert space

16 Final Review of all topics covered.

ECTS WORKLOAD TABLE

Activities Number Duration Total Workload
(Hour)
I

4 56

Course Hours

Laboratory

Application

Field Work

Study Hours Out of Class

Special Course Internship (Work Placement)

Homework Assignments

Quizzes/Studio Critics

Project

Presentations / Seminar

Mid-Terms (Examination Duration + Examination Prep. Duration) 20

Final (Examination Duration + Examination Prep. Duration) 25

Total Workload:

Total Workload / 30(h):

ECTS Credit:
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P g-l Geometri, analiz, lineer cebir, soyut
matematik, cebir ve diferansiyel denklemler gibi
matematigin temel alanlarindaki tanimlar1 ve
teoremleri ifade edebilecek, bunlar arasinda iliski
kurabilecek ve teoremlerin  uygulamalarini
aciklayabileceklerdir. / State the definitions and
theorems in fundamental arecas of mathematics
such as geometry, analysis, linear algebra, abstract
mathematics, and differential equations, establish
connections between them and explain their
applications.
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PQ-Z Matematik  alanindaki  teorik  ve
uygulamali bilgilerini ve matematiksel diigtinme
becerilerini  kullanarak standart ve karmagik
matematiksel problemleri tanimlayabilecek ve
analitik ve/veya sayisal yontemlerle ¢dzebilecek ve
matematiksel bir Onermenin gegerliligini farkl
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.
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P g-3 Matematik  alanindaki  teorik  ve
uygulamali bilgilerini ve matematiksel diigtinme
becerilerini kullanarak gercek hayattaki
problemlerin matematiksel modellerini
geligtirebilecek ve bu modelleri kullanarak
problemlere gecerli ¢oziimler iiretebileceklerdir. /
Develop mathematical models for real-life
problems and generate valid solutions based on
these models using their theoretical and applied
knowledge of mathematics and mathematical
thinking skills.
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PS:-4 Disiplinlerarast bir yaklasimla, farkll
alanlarda edinmis olduklart bilgileri
sentezleyebileceklerdir. / Synthesise knowledge
acquired from different disciplines through an
interdisciplinary approach.
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PS‘-S Matematik alaninda edindikleri bilgi
birikimlerini ve matematiksel diisiinme
becerilerini, teorik matematik, yazilim, finans ve
yonetim matematigi, biyomatematik, veri bilimi ve
finansal istatistik yontemleri gibi disiplin-i¢i ve
disiplinleraras1 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.
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PS ‘-6 Matematik alaninda yaygmn olarak
kullanilan en az bir programlama dili ile bilgisayar
ve yapay zeka teknolojilerini, problemleri ¢6zmek,
veri  analizi  yapmak ve  simiilasyonlar
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gerceklestirmek i¢in kullanabileceklerdir. / Use at
least one programming language and computer and
artificial  intelligence  technologies  widely
employed in mathematics for problem-solving,
data analysis, and simulations.

Pg:-7 Matematik ve ilgili alanlardaki bilimsel ve
teknolojik  gelismeleri  izleyebilecek, kariyer
firsatlarin1  degerlendirerek kisisel ve mesleki
gelisim hedeflerini belirleyebilecek ve bu hedeflere
ulagsmak i¢in hayat boyu Ogrenme stratejilerini
kullanabileceklerdir. / Follow scientific and
technological developments in mathematics and
related fields, assess carcer opportunities, identify
personal and professional development goals, and
adopt lifelong learning strategies to achieve these
goals.

PS:-S Bilimsel arastirmalarin1  ve mesleki
faaliyetlerini yiiriitiirken dogabilecek hukuksal
sonuglar1 ve toplumsal etkileri dikkate alarak
mesleki etik ilkeler, kalite standartlar1 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
bicimde calisabileceklerdir. /  Work effectively
both independently and as part of a team.
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PS;-IO Matematik alaninda giivenilir bilgi
kaynaklarina  ulasarak literatiir taramast
yapabilecek ve akademik arastirma tasarlayip
yiiriitebileceklerdir. /  Access reliable sources of
information, conduct literature reviews, and design
and carry out academic research in the field of
mathematics.
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PS;-II Matematiksel  konulari, teorileri,
ispatlari, arastirmalart ve problem ¢oziimlerini,
matematik terminolojisi kullanarak tiim paydaglara
Tiirkce ve Ingilizcede sozlii ve yazili olarak etkili
bicimde 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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