FAKULTE / ENSTIiTU ADI

DERS BiLGi FORMU

Fen Edebiyat Fakiiltesi

BOLUM / PROGRAM /
ANABILIiM DALI ADI

Matematik

DERSIN ADI

Reel Analize Giris

DERSIN KODU

MAT3182

YEREL KREDISi

4

AKTS KREDISi

HAFTALIK DERS SAATI

HAFTALIK UYGULAMA SAATI

HAFTALIK LABORATUVAR

ONKOSULLAR

Yok

YARIYIL

Giiz

DERSIN DiLi

ingilizce, Tiirkge

DERSIN SEVIYESi

Lisans

DERSIN TURU

Zorunlu @Matematik Lisans Program

DERSIN KATEGORISI

Temel Meslek Dersleri

DERSIN VERILIS SEKLIi

Yiiz Yiize

DERSi SUNAN AKADEMIK
BiRiM

Matematik Boliimii

DERSIN KOORDINATORU

Omer GOK

ASISTAN(LAR)

DERSIN AMACI

Bu dersin amaci, dgrencilerin reel sayilarin 6zelliklerini derinlemesine 6grenmesini, limit,
limsup, liminf, y1gi1lma noktalari, reel sayilarin tamligi, dis dl¢iim ve i¢ 6lglim, Olgiilebilir
fonksiyonlar, Lebesque integrali kavramlarint derinlemesine kavramalarma ve
uygulamalarma yardimci olmaktir.

DERSIN iCERiGi

Reel say1 sistemi; sayilabilirlik, reel sayilar i¢in aksiyomlar (cisim, tamlik, sira, Archimed
aksiyomlar1); genisletilmis reel sayilar; reel sayilarin topolojisi: acik ve kapali kiimeler;
G _delta ve F_sigma kiimeleri, reel say1 dizileri; siirekli fonksiyonlar; diizgiin siireklilik ve
diizgiin yakinsaklik; ol¢iimlere giris: bir kiimenin alt kiimelerinin o-cebiri; reel sayilarin
Borel kiimeleri; Lebesgue dis Olgiisii; Olgiilebilir kiimelerin o-cebiri; Borel kiimesinin
6lglimii; Olglilemeyen kiimeler; Lebesque oOlciimii; i¢c Ol¢im ve Ozellikleri; OSlgiilebilir
fonksiyonlar; temel tanim ve teoremler; 6lglimde yakinsama; temel tanimlar ve ozellikler;
Lebesque integrali; Riemann integrali; Lebesque integrali; Fatou Lemmasi; genel Lebesque
integrali; Lebesque yakinsaklik teoremi; Sinirli Yakinsaklik Teoremi; Lebesque anlaminda
integrallenebilirlik; parametreye bagimlilik; fonksiyon uzaylari; Olglimlerin genislemesi;
temel kavramlar ve teoremler; l¢iimlerin garpimi.

DERS KiTABI / MALZEMESI /
ONERILEN KAYNAKLAR

Ders Kitabi:

Gok, Omer. Reel Analiz. YTU basim-yayi merkezi, 4. baski, 2021.

Zorunlu Kaynaklar:

[1] Thomas, George. B., Weir, Maurice D., Hass, Joel. Thomas Calculus LII. (Ceviri
Editorii: Mustafa Bayram). 12. baskidan ceviri, Pearson Yaymcilik, 2011.

[2] Apostol, T.M. Mathematical Analysis. 2. baski, Addison-Wesley Publishing Company,
1973.
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[3] Royden, H. L. and Fitzpatrick, Patrick. M. Real Analysis. 4. baski, Pearson Education,
Inc., 2010.

Onerilen Kaynaklar:

Kolmogorov, A. N. and Fomin, S. V. Introductory Real Analysis. Prentice Hill, Inc., 1970.

Bu dersi basartyla tamamlayan 6grenciler,

1. Reel sayilarin 6zelliklerini analiz edebileceklerdir.

Reel sayilarin topolojisi, reel say1 dizilerinin limitleri, lim sup ve lim inf
kavramlari, yigilma noktalari, reel sayilarin tamligini yorumlayabileceklerdir.

Diizgiin siireklilik ve diizgiin yakinsaklig1 ayirt edebileceklerdir.

Ders Ogrenim Ciktilar: . Dis ve i¢ dlgiimleri, 6l¢iilebilir ve 6l¢lilemeyen kiimeleri ifade edebileceklerdir.

Olgiilebilir kiime ve Slgiilebilir fonksiyonlar1 analiz edebileceklerdir.
Riemann ve Lebesque integralleri arasindaki farklar: agiklayabileceklerdir.

Olgiimde yakinsamanin nasil gergeklestigini, oOlciimiin neden genisletilmesi
gerektigini ve dl¢lim ¢arpiminin ne oldugunu ifade edebileceklerdir.

DEGERLENDIRME SiSTEMI

| Etkinlikler Say1 Katki Pay1

| Devam/Katilim H H

| 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 (5-10 dakika) 4 %20

e  Detayh Degerlendirme Kriterleri:

-Derste iglenen teorik konular ile ilgili problemleri ¢6zebilme

|Oaer | |

| Sunum/Jiiri H H

| Proje | |

| Seminer/Workshop H H

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

e  Format: Yiiz yiize. Sinav (90 dakika)

1 %40
e Detayh Degerlendirme Kriterleri:

-Dersin temel kavramlarinin anlasildiginin gdsterilmesi
-Teorik konularla ilgili problemlerin ¢dziilebilmesi
-Teorik diisiinme siireclerinin yiiriitiilmesi
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e Icerik: Dersin tiim ierigini kapsayan kapsamli sorular
e  Format: Yiiz yiize. Sinav (90 dakika)
e  Detayh Degerlendirme Kriterleri: 1 2440
-Derste islenen tiim konularin derinlemesine kavranmig
oldugunun gosterilmesi
-Ileri diizey problem ¢zme becerilerinin kullanilabilmesi
| 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 Hazirhik
Kopu Anlatlmllz Reel say1 sistemi: Sayllablh.rhk, reel sgyllar icin| Kiimeler ve kiimeler iizerinde cebirsel
aksiyomlar (cisim, tamlik, sira, Archimed aksiyomlari); . - .
enisletilmis reel sayilar islemler, bagint1 ve fonksiyonlar konularina
g iligkin 6n bilgilerin hatirlanmast  ve
Simif-i¢ci Uygulama (15 dk.): Cisim ile ilgili basit 6rnekleme] flrtéﬂnlestlrllmem. Kaynak: Ders Kitabi, 14
1 yaptirilmas Sayilabilirlik, Reel sayilar i¢in aksiyomla
(cisim, tamlik, sira, Archimed aksiyomlar1),
e . o genisletilmis reel sayilar konularini igere
Simif-i¢i Tartisma(15dk.): Siralama kavramina iliskin tartismanin| boliimlerin okunmasi. Kaynak: Ders Kitabr,
lyapilmasi 11-16
IKonu Anlatimi: Reel sayilarin topolojisi: Agik ve kapali
kiimeler; G_delta ve F_sigma kiimeleri, reel say1 dizileri Dizi kavramma iligkin 6n bilgileri
hatirlanmas1 ve etkinlestirilmesi Kaynak|
Smmif-i¢ci Uygulama (15 dk.): A¢ik ve kapali kiimeler ile ilgili [1], 532-544.
2 basit uygulamalarmn yapilmasi Acik ve kapali kiimeler;, G delta v
F sigma kiimeleri, reel say1 dizileri
Simif-i¢i Tartisma (5 dk.): Topoloji kavramina iligkin tartismanin| konularin1 igeren bdlimlerin  okunmasi.
lyapilmasi Kaynak: Ders Kitabi, 17-31.
IKonu Anlatimi: Siirekli fonksiyonlar: diizgiin siireklilik ve
diizgiin yakinsaklik Siireklilik, noktasal yakinsaklik, fonksiyon|
dizileri konularina iliskin 6n bilgilerin
Smif-ici Uygulama (10 dk): Noktasal siireklilik ile diizgiin| hatirlanmasi ve etkinlestirilmesi. Kaynak:
stireklilik farkinin gosterilmesi ile ilgili basit uygulamalarin| [2], 218-221.
lyapilmasi Siirekli Fonksiyonlar: Diizgiin stireklilik ve
3 Diizgiin  yakinsaklik konularint igere
Smif-ici Tartisma (10 dk.): Diizgiin siireklilik ve diizgiin boliimlerin okunmasi. Kaynak: Ders Kitabu,)
yakinsaklik kavramlarmm sirasiyla siireklilik ve yakinsaklik 32-34.
kavramlariyla farklarmin tartigiimasi Kisa Smav 1: (Reel sayr sistemi ve
actk ve kapali kiimeler; G delta ve
Kisa Smav 1 (20 dk.): Ders sonunda, 1. ve 2. hafta konularinj F sigma kiimeleri, reel say1 dizileri
iceren bir kisa sinavin yapilmasi kavramlart) Kaynak: Ders Kitabi, 1-31.
Konu Anlatimi; Olgiimlere giris: Bir kiimenin alt kiimelerinin o-
cebiri; reel sayilarin Borel kiimeleri Kiimelerin  birlesim,  kesisim, fark,
timleyeni alma, acgik-kapali kiimele
Siif-ici Uygulama (15 dk): Acik kiimelerden baglayarak Borel konularimna iligkin 6n bilgilerin hatirlanmasi
4 kiimesi olusturmaya iliskin uygulamalarin yapilmasi ve etkinlestirilmesi. Kaynak: [3], 1-3
Bir kiimenin alt kiimelerinin o-cebiri; reell
Simif-i¢i Tartisma (15 dk.): “Her agik kiime Borel midir?”, “Her| sayilarin Borel kiimeleri konularini igeren|
Borel kiime a¢ik midir?” gibi sorularinmn tartisiimasi bolimlerin okunmasi. Kaynak: Ders Kitabi,
45-49.
Konu Anlatimi: Lebesgue dis dlgiisii; Olgiilebilir kiimelerin o- o-cebiri, Borel kiimeleri, agik ve kapali
5 cebiri kiimelerin 6lgiilebilirligi konularma iligkin|

Simif-i¢i Uygulama (10 dk.): Bir araligin 6l¢iisiiniin bulunmasina

6n bilgilerin hatirlanmast ve
etkinlestirilmesi. Kaynak: Ders Kitabi, 45-
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iliskin uygulama yapilmasi

Smif-ici Tartisgma (10 dk.): Olgiilebilir kiimeler neden c-cebir
olusturur konusunun tartigilmasi

Kisa Smav 2 (20dk.): Ders sonunda, 1. haftadan itibaren 4.
haftanin sonuna kadar olan konular1 igeren bir kisa sinavin|
lyapilmasi

49

Lebesgue dis 6lgiisii; Lebesgue dlciilebili
kiimelerin  o-cebiri  konularmi  igeren|
boliimlerin okunmasi. Kaynak: Ders Kitabi,
49-65.

Kisa Sinav 2: (Reel say1 sistemi ve agik v
kapalt kiimeler; G delta ve F_sigm
kiimeleri, reel sayr dizileri kavramlari,
stirekli fonksiyonlar: diizgiin siireklilik ve
diizglin yakinsaklik, Ol¢limlere giris: Bi
kiimenin alt kiimelerinin o-cebiri; reel
sayilarin Borel kiimeleri) Kaynak: Ders
Kitabi, 1-65.

Konu Anlatimi: Borel kiimesinin 6l¢iimii; 6l¢iilemeyen kiimeler;|
Lebesque 6l¢limii

Smif-i¢ci Uygulama (15 dk.): Basit Borel kiimeleri (6rnegin agik|
araliklar, sonlu birlesimler) i¢in 6l¢li hesaplamalara iligkin|
uygulamalar yapilmasi

Siif-ici  Tartisma (15 dk.): Neden her kiimenin|
Olciilemeyeceginin tartigilmasi

Olgiilebilir kiimeler ve o-cebir tanim
konularina iligkin 6n bilgilerin hatirlanmasi|
ve etkinlestirilmesi. Kaynak: Ders Kitabi,
45-65

Borel kiimesinin 6lgiimii; Olgiilemeyen
kiimeler; Lebesque Ol¢limii  konularin
iceren bollimlerin okunmasi. Kaynak: Ders|
Kitab1, 65-69.

Konu Anlatim: i¢ 6lgiim ve 6zellikleri

Smif-ici Uygulama (15 dk.): Basit bir kiime ic¢in dig ve ig
Olciimiin  hesaplanmasi, karsilagtirilmasma iliskin uygulama]
lyapilmasi

Smif-i¢ci Tartisjma (15 dk.): Neden hem i¢ hem dis &lglimiin|
tanimlandiginin tartisiimasi

Lebesgue dig ol¢timii, olgiilebilir kiimele

konularma iliskin 6n bilgilerin hatirlanmasi
ve etkinlestirilmesi. Kaynak: Ders Kitabu,|
45-69.

I¢ 6lgiim ve 6zelliklerini igeren béliimleri

okunmasi. Kaynak: Ders Kitabi, 70-76.

\Ara Smav 1

Smav haftasina kadar islenen konularn
tiimiiniin tekrar edilmesi

Konu Anlatimi: Olgiilebilir fonksiyonlar: Temel tanim ve]
teoremler

Smif-ici Uygulama (15 dk.): Cesitli fonksiyonlarm|
Olciilebilirliginin incelenmesine ait uygulamalarin yapilmasi

Smif-i¢ci Tartisma (15 dk.): Fonksiyonun "siirekliligi" ile

“oOlgiilebilirligi” arasinda nasil bir iliski oldugunun tartigilmasi

Fonksiyon kavrami, fonksiyonlarda cebirsel]
islemler konularina iligkin 6n bilgileri
hatirlanmas1 ve etkinlestirilmesi. Kaynak|
[1], 1-11

Olgiilebilir fonksiyonlar: temel tanim v
teoremler konularin1 igeren boliimlerin|
okunmasi. Kaynak: Ders Kitab1,77-84.

10

Konu Anlatimi: Olgiimde yakinsama: Temel tanimlar ve
0zellikler

Smif-i¢ci Uygulama (15 dk): Verilen fonksiyon dizilerinin
yakinsama tiirlerinin  belirlenmesine iligkin uygulamalarin|
yapilmast

Smif-ici Tartisma (15 dk.): Noktada yakinsama ile o6lciimde
lyakinsama arasindaki farkin tartisilmasi

Olgiilebilir fonksiyonlar konusuna iliski
on bilgilerin hatirlanmasi vej
etkinlestirilmesi. Kaynak: Ders Kitabi, 774
84.

Olgiimde yakmsama: Temel tamimlar ve
Ozellikler konularini igeren boliimlerin|
okunmasi. Kaynak: Ders Kitabi, 86-92.

11

Konu Anlatimi: Lebesque integrali: Riemann integrali; Lebesque
integrali; Fatou Lemmasi

Simif-i¢ci Uygulama (10 dk.): Verilen bir fonksiyonun hem
Riemann hem de Lebesque integrallerinin hesaplanmasina iliskin|
uygulamalarin yapilmast

Smmif-i¢ci Tartisjma (10 dk.): Lebesgue integrali mi, Riemann|
integrali mi daha giigliidiir konusunun tartisiimasi

Kisa Smav 3 (20dk.): Ders sonunda, 9. hafta ve 10. haftanin|
konular1 igeren bir kisa sinavin yapilmast

Riemann integrali tanimi (alt ve s
toplamlar, integrallenebilirlik  kosulu)
konularmna iligkin 6n bilgilerin hatirlanmasi
ve etkinlestirilmesi. Kaynak: [1], 246-261.
Lebesque integrali: Riemann integrali;
Lebesque integrali; Fatou Lemmasi
konularin1 igeren bdlimlerin  okunmasi.
Kaynak: Ders Kitabi, 94-108.

Kisa Smav 3: (6lgiilebilir fonksiyonlar:
temel tanim ve teoremler, Olglimde
yakisama: temel tanimlar ve ozellikler)
Kaynak: Ders Kitab1,77-92.

12

Konu Anlatimi: Genel Lebesque integrali: Lebesque yakinsaklik
teoremi; Sinirh Yakinsaklik Teoremi; Lebesque anlamindal
integrallenebilirlik

Smif-ici Uygulama:(15 dk.) Verilen fonksiyon dizilerine

Noktasal  yakinsaklik ve integralde
yakmsaklik tiirleri konusuna iliskin 6
bilgilerin hatirlanmasi ve etkinlestirilmesi.
Kaynaklar: [1], 46-63; 478-486.

Genel Lebesque integrali:  Lebesque
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yakinsaklik teoremlerinin uygulanip uygulanmadigina iliskin|
6rneklerin ele alinmasi

Smif-ici Tartisma: (15 dk.) Teoremlerin hipotezlerinin neden|
zorunlu oldugunun tartigilmasi

yakinsaklik teoremi; sinirli yakinsakli
teoremi; Lebesque anlaminda
integrallenebilirlik ~ konularini icere
boliimlerin okunmasi. Kaynak: Ders Kitabi,
109-112.

IKonu Anlatimi: Parametreye bagimlilik, fonksiyon uzaylar1

Smif-ici Uygulama: (10 dk) Parametreye bagli fonksiyonlarin|
integrallenebilirligine iliskin uygulamalarin yapilmasi

Simif-i¢i Tartisma: (10 dk.) Fonksiyonlar iizerindeki islemlerin|

Fonksiyonlarin tanim kiimeleri ve no
konularina iligkin 6n bilgilerin hatirlanmas|
ve etkinlestirilmesi. Kaynaklar: [1], 1-11.
[3], 181-185.

Parametreye bagimlilik; fonksiyon uzaylar
konularin1 igeren boliimlerin  okunmast.
Kaynak: Ders Kitabi, 113-128.

Kisa Smav 4: (6lgiilebilir fonksiyonlar:

13 parametreyle degisen fonksiyonlar i¢in de her zaman gegerli olup| Temel tanim ve teoremler, Ol¢limde
olmadiginin tartigilmast yakinsama: temel tanimlar ve Ozellikler,)
Lebesque integrali: Riemann integrali;
Kisa Smav 4 (20 dk.) Ders sonunda 9. haftadan itibaren 12. Lebesque integrali; Fatou Lemmasi, Genell
haftanin sonuna kadar olan konulart iceren bir kisa sinavin Lebesque integrali: Lebesque yakisakl
lyapilmasi teoremi; Siirlt  Yakinsaklik Teoremi;
Lebesque anlaminda integrallenebilirlik).
Kaynak: Ders Kitab1, 77-112.
Konu Anlatimi: Olgiimlerin genislemesi: Temel kavramlar ve Sigma cebiri, sayilabilirlik ve dliilebilirli
teoremler P
konularma iliskin 6n bilgilerin hatirlanmasi
Smif-ici Uygulama: (15 dk) Aynstirma ve genisleme ve etkinlestirilmesi.  Kaynaklar: — Ders
14 ) Kitabi, 11-16; 45-65.

teoremlerine ait uygulamalarin yapilmasi

Simf-ici Tartisma: (15 dk.) “Olgiiyii genisletmek neden|
gereklidir?”” sorusunun tartigilmasi

Olgiimlerin Genislemesi: Temel kavramlas
ve teoremler konularini igeren bolimleri
okunmasi. Kaynak: Ders Kitabi, 131-135.

Konu Anlatimi: Olciimlerin ¢arpimi

Sinif-ici Uygulama (15 dk.): Verilen bir fonksiyona Fubini veya|
Tonelli teoremlerinin uygulanabilirligine iligkin uygulamal
15 lyapilmasi

Smif-i¢ci Tartisma (15 dk.): Cift kath integralde neden Slgiim|
teorisini genisletmemiz gerektiginin tartigiimasi

Olgiilebilir fonksiyonlar konusuna iliskin
on bilgilerin hatirlanmast vej
etkinlestirilmesi. Kaynak: Ders Kitab1, 77-
84.

Olciimlerin ~ carprmi  konusunu  iceren
boliimlerin okunmasi. Kaynak: Ders Kitabu,|
136-138.

16 IFinal

Islenen konularin tiimiiniin tekrar edilmesi

AKTS iSYUKU TABLOSU

S

Etkinlikler

Toplam fsyiikii

ayl1 Siiresi
(Saat)
14

Ders Saati H H 4

56

Laboratuar H 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)

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

Sayfa: 5/14



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 Real Analysis

CODE

MAT3182

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 a deep understanding of the properties of real
numbers, as well as to comprehend and apply concepts such as limits, limsup, liminf,
accumulation points, completeness of real numbers, outer and inner measures, measurable
functions, and the Lebesgue integral.

COURSE CONTENT

Real number system: countability, axioms for real numbers (field, completeness, order,
Archimedean axioms); extended real numbers; topology of real numbers; open and closed
sets; G_delta and F_sigma sets; sequences of real numbers; continuous functions; uniform
continuity and uniform convergence; introduction to measures: Sigma-algebra of subsets
of a set; Borel sets of real numbers; Lebesgue outer measure; sigma-algebra of
measurable sets; measurement of Borel sets; non-measurable sets; Lebesgue measure;
inner measure and its properties; measurable functions; basic definitions and theorems;
convergence in measure; basic definitions and properties; Lebesgue integral; Riemann
integral; Lebesgue integral, Fatou's Lemma; general Lebesgue integral, Lebesgue
convergence theorem; dominated convergence theorem; integrability in the Lebesgue
sense; parameter dependence; function spaces; extension of measures; basic concepts and
theorems; product measures.

RECOMMENDED OR REQUIRED
READINGS

Coursebook:

Gok, O. Reel Analiz. YTU Publishing, 4th ed., 2021.

Required Readings:

[1] Thomas, George. B., Weir, Maurice D., Hass, Joel. Thomas Calculus 1,11 (Ceviri
Editorii: Mustafa BAYRAM). Translated from 12th ed., Pearson Publishing

(Form No: FR-0315; Revizyon Tarihi: 02.07.2015; Revizyon No:04) Sayfa: 7/14



[2] Apostol, T.M. Mathematical Analysis. 2nd ed., Addison-Wesley Publishing
Company, 1973.
[3] Royden H. L. and Fitzpatrick P. M., Real Analysis, 4th ed., Pearson Education, Inc.,

2010.

Recommended Readings:

Kolmogorov, A. N. and Fomin, S. V. Introductory Real Analysis. Prentice Hill, Inc.,
1970.

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

1. Analyze the properties of real numbers.

Interpret the topology of real numbers, the limits of real sequences, the concepts
of lim sup and lim inf, accumulation points, and the completeness of the real
numbers.

Distinguish uniform continuity and uniform convergence.
Course Learning Outcomes

Express outer and inner measures as well as measurable and non-measurable
sets.

Analyze measurable sets and measurable functions.
Explain the differences between Riemann and Lebesgue integrals.

Express how convergence in measure occurs, why the concept of measure
should be extended, and what the product measure is.

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 1 %40

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

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

Percentage of Final Examination

TOTAL

WEEKLY SUBJECTS AND RELATED PREPARATION STUDIES

WEEKS COURSE OUTLINE Related Preparation
Lecture: Real number system: Countability, axioms]
Hor .real numbers iele,  eomlsigness G Recollection and activation of prior knowledge on sets,
[Archimedean axioms); extended real numbers . . . .
algebraic operations on sets, relations, and functions.
1 [Practice (15 minutes): Simple examples related to the] Sourge: Courgebook, . . .
field Reading sections on countability, axioms for real
numbers, extended real numbers. Source: Coursebook,
In-Class Discussion (15 minutes): Discussion on the 11-16.
concept of ordering
Lecture: Topology of real numbers: Open and closed
sets; G _delta and F_sigma sets; sequences of real
numbers
Recollection and activation of prior knowledge on
. . . . sequences. Source: [1], 532-544.
2 :)el;zc"ce (15 minutes): Exercises on open and closed Reading sections on open and closed sets; G_delta and
F sigma sets; sequences of real numbers. Source:
. . . . . Coursebook, 17-31.
In-Class Discussion (15 minutes): Discussion on the]
concept of topology
Lecture: Continuous functions: Uniform continuity]
AR O ST RElIEs Recollection and activation of prior knowledge on
Practice (10 minutes): Exercises on the difference] continuity, pointwise convergence, and function
. . L sequences. Source: [2], 218-221
between pointwise and uniform continuity . . . L
Reading sections on continuous functions: uniform
3 In-Class Discussion (10 minutes): Discussion o continuity ~and ~uniform  convergence.  Source:
. . . L. Coursebook, 32-34.
differences between continuity/uniform continuity and g, . .
convergence/uniform convergence Quiz 1: (real number system; open and closed sets;
G_delta and F_sigma sets; sequences of real numbers).
Quiz 1 (20 minutes): Covers topics from weeks 1-2 Source: Coursebook, 1-31.
Lecture: Introduction to measures: Sigma-algebra of
subsets of a set; Borel sets of real numbers Recollection and activation of knowledge on union,
intersection, difference, complement, open/closed sets.
4 Practice (15 minutes): Exercises on forming Borel Source: [3], 1-3.
sets starting from open sets Reading sections on sigma-algebra of subsets; Borel
sets of real numbers. Source: Coursebook, 45-49.
In-Class Discussion (15 minutes): Discussion on the
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questions “Are all open sets Borel?”, “Are all Borel
sets open?”’

Lecture: Lebesgue outer measure; sigma-algebra o
measurable sets

[Practice (10 minutes): Calculate measure of a
interval

In-Class Discussion (10 minutes): Discussion th
question “Why measurable sets form a sigma-algebra?”’

Quiz 2 (20 minutes): Covers weeks 14

Recollection and activation of knowledge on sigma-
algebra, Borel sets, measurability. Source: Coursebook,
45-49.

Reading sections on Lebesgue outer measure and
sigma-algebra of measurable sets. Source: Coursebook,
49-65.

Quiz 2: (real number system; open and closed sets;
G _delta and F_sigma sets; sequences of real numbers,
Continuous Functions: Uniform continuity and uniform
convergence, Introduction to measures: Sigma-algebra
of subsets of a set; Borel sets of real numbers). Source:
Coursebook, 1-65.

[Lecture: Measurement of Borel sets; non-measurabl
sets; Lebesgue measure

Practice (15 minutes): Simple calculations for Borel
sets

In-Class Discussion (15 minutes): Discussion on wh;
not every set is measurable

Recollection and activation of knowledge on
measurable sets and  sigma-algebra.  Source:
Coursebook, 45-65.
Reading sections on Borel set measurement; non-
measurable sets; Lebesgue measure. Source:
Coursebook, 65-69.

Lecture: Inner measure and its properties

Practice (15 minutes): Calculate and compare inne
and outer measures for a set

In-Class Discussion (15 minutes): Discussion o
“Why both inner and outer measures are defined?”

Recollection and activation of knowledge on Lebesgue
outer measure and measurable sets. Source:
Coursebook, 45-69.

Reading sections on inner measure and its properties.
Source: Coursebook, 70-76.

Midterm 1

Review of all topics covered up to the exam week.

Lecture: Measurable functions: Basic definitions an
theorems

Practice (15 minutes): Exercises on checkin
measurability of various functions

In-Class Discussion (15 minutes): Discussion on|
relation between continuity and measurability

Recollection and activation of knowledge on functions
and algebraic operations on functions. Source: [1], 1-
11.

Reading sections on measurable functions: basic
definitions and theorems. Source: Coursebook, 77—84.

10

Lecture: Convergence in measure: basic definitions|
and properties

Practice: (15 minutes) Determine types o
convergence of given sequences of functions

In-Class Discussion: (15 minutes) Discussion on th
difference between pointwise convergence and|
convergence in measure

Recollection and activation of knowledge on
measurable functions. Source: Coursebook, 77-84.

Reading sections on convergence in measure: basic
definitions and properties. Source: Coursebook, 86-92.

11

Lecture: Lebesgue integral: Riemann integral;
Lebesgue integral; Fatou's Lemma

Practice (10 minutes): Calculate both Riemann an
Lebesgue integrals of a given function

In-Class Discussion (10 minutes): Discuss whethe
Lebesgue or Riemann integral is stronger

Quiz 3 (20 minutes.): Covers weeks 9-10

Recollection and activation of Riemann integral
definitions. Source: [1], 246-261.

Reading sections on Lebesgue integral and Fatou's
Lemma. Source: Coursebook, 94—108.

Quiz 3: (Measurable functions: Basic definitions and
theorems, convergence in measure: Basic definitions
and properties). Source: Coursebook, 77-92.

12

Lecture: General Lebesgue integral: Lebesgue
convergence  theorem; dominated convergence
theorem; integrability in the Lebesgue sense

[Practice (15 minutes): Apply convergence theorems|
to given function sequences

In-Class Discussion (15 minutes): Discuss why th

Recollection and activation of knowledge on pointwise
convergence and types of integral convergence.
Sources: [1], 46-63; 478-486.

Reading sections on general Lebesgue integral and
convergence theorems. Source: Coursebook, 109—112.
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hypotheses of the theorems are necessary

1. Recollection and activation of knowledge on domains

Lecture: Parameter dependence; function spaces of functions and norms. Sources: [1],1-11. [3], 181-
185.

Practice (10 minutes): Exercises on integrability o 2. Reading sections on parameter dependence and

[parameter-dependent functions function spaces. Source: Coursebook, 113—-128.

13 3. Quiz 4: (measurable functions: Basic definitions and
In-Class Discussion (10 minutes): Discuss whethe theorems, convergence in measure: Basic definitions
operations on functions remain valid for parameter- and properties, Lebesgue Integral: Riemann integral;
dependent functions Lebesgue integral; Fatou's lemma, General Lebesgue

integral: Lebesgue convergence theorem; dominated
Quiz 4 (20 minutes.): Covers weeks 9—12 convergence theorem; integrability in the Lebesgue

sense). Source: Coursebook, 77—112.

Lecture: Extension of measures: Basic concepts an

theorems
1. Recollection and activation of knowledge on sigma-
Practice (15 minutes): Exercises on extension an algebra, countability, and measurability. Source:
14 decomposition theorems Coursebook, 11-16; 45-65.
2. Reading sections on extension of measures. Source:
In-Class Discussion (15 minutes): Discuss wh Coursebook, 131-135.
extending measures is necessary
Lecture: Product measures
Practice (15 minutes): Exercises on applying Fubini 1. Recollection and activation of knowledge on
15 or Tonelli theorems measurable functions. Source: Coursebook, 77-84.
2. Reading sections on product measures. Source:
In-Class Discussion (15 minutes): Discuss wh Coursebook, 136-138.
measure theory extension is needed in double integrals
16 Final Review of all topics covered.

ECTS WORKLOAD TABLE

Activities Number Duration Total Workload
(Hour)

Course Hours 4 56

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) 25

Final (Examination Duration + Examination Prep. Duration) 30

Total Workload:

Total Workload / 30(h):

ECTS Credit:
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Ders Odrenim Ciktis1 & Program Ciktis1 Matrisi

PS:-I Geometri, analiz,

lineer cebir, soyut matematik,
cebir ve diferansiyel
denklemler gibi matematigin
temel alanlarindaki tanimlari

ve teoremleri ifade
edebilecek, bunlar arasinda
iliski kurabilecek ve

teoremlerin  uygulamalarini
aciklayabileceklerdir. / State
the definitions and theorems
in fundamental areas of
mathematics such as
geometry, analysis, linear
algebra, abstract mathematics,
and differential equations,
establish connections between
them and explain their

1
1
1
1
1
1
1

applications.

PS :-2 Matematik alanindaki
teorik ve uygulamal
bilgilerini ve matematiksel
diigiinme becerilerini
kullanarak standart ve
karmagik matematiksel

problemleri tanimlayabilecek
ve analitik ve/veya sayisal
yontemlerle ¢ozebilecek ve
matematiksel bir Onermenin
gecerliligini  farklt  ispat
yontemleri ile
ispatlayabileceklerdir. /
Identify standard and complex
mathematical problems, solve
these problems with analytical
and/or numerical methods and
prove the wvalidity of a
mathematical proposition
through various proof
techniques using their
theoretical and applied
knowledge of mathematics
and mathematical thinking

[°N
[°N
[°N
[°N
[°N
I~
I~

skills.

Pg;-3 Matematik alanindaki
teorik ve uygulamal
bilgilerini ve matematiksel
diigiinme becerilerini

kullanarak gercek hayattaki
problemlerin ~ matematiksel
modellerini gelistirebilecek ve
bu  modelleri  kullanarak
problemlere gegerli ¢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

I
I
I
I
I
I~
I~
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mathematical thinking skills.

PS ‘-4 Disiplinlerarast bir

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

PS:-S Matematik alaninda
edindikleri bilgi birikimlerini
ve matematiksel diisiinme
becerilerini, teorik matematik,
yazilim, finans ve ydnetim
matematigi, biyomatematik,
veri bilimi ve finansal
istatistik ~ yontemleri  gibi
disiplin-i¢i ve disiplinlerarast
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 geligmeleri
izleyebilecek, kariyer
firsatlarini degerlendirerek
kisisel ve mesleki gelisim
hedeflerini belirleyebilecek ve
bu hedeflere ulasmak igin
hayat boyu 0grenme
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.

[ °N
[°N
[°N
[N
[N
I~
I~

19}
19}
19}
19}
19}
19}
19}
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1]

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.

Pg -10 Matematik alaninda

giivenilir bilgi kaynaklarina
ulasarak literatlir taramasi
yapabilecek ve akademik

[°N
[°N
[°N
[°N
[°N
I~
I~

arastirma tasarlayip
yiiriitebileceklerdir. /  Access § § § § § § §
reliable sources of

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

PS ;- 11 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.

19}
19}
19}
I
I
I
19}
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