FAKULTE / ENSTITU ADI

DERS BiLGi FORMU

Fen Edebiyat Fakiiltesi

BOLUM / PROGRAM /
ANABILIiM DALI ADI

Matematik

DERSIN ADI

Normlu Uzaylarda Sayisal Bolgeler

DERSIN KODU

MAT4350

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

Uzmanlik / Alan Dersleri

DERSIN VERILIS SEKLI

Yiiz Yiize

DERSi SUNAN AKADEMIK
BiRiM

Matematik Boliimii

DERSIN KOORDINATORU

Elif DEMIR

ASISTAN(LAR)

DERSIN AMACI

Bu dersin amaci, 6grencilere normlu uzaylarda sayisal bolgeler konusundaki kavramsal ve
teorik temeli kazandirmaktir. Ogrenciler, elliptik blge, spektral kapsama, say1sal yarigap ,
normal operatdrler, sayisal sinir, W-bolge cesitleri, deger alani, Gershgorin kiimeleri ve
genellestirilmis bolgeler gibi temel kavramlar detayli bicimde inceleyeceklerdir. Ders
kapsaminda, bu kavramlar hem teorik analiz hem de uygulamali 6rnekler araciligiyla ele
aliacak; 6grenciler sayisal bolgelerin lineer operatorler tizerindeki etkilerini, spektral
ozelliklerle iligkilerini ve normlu uzaylarda analitik ve geometrik yorumlarini
kavrayacaklardir. Bu sayede dgrenciler, normlu uzaylarda operator teorisi ve sayisal analiz
alanlarinda saglam bir kuramsal ve uygulamali temel olusturacak, matematiksel problem
¢dzme becerilerini ileri diizeye tasiyacaklardir.

DERSIN iCERIiGi

Normlu uzaylar ve lineer operatdrler; eliptik bolge; spektral kapsama; sayisal yarigap;
normal operatdrler; sayisal sinir; diger W-bolge tiirleri; deger alani; Gershgorin kiimeleri;
genellestirilmis bolgeler; cebirsel sayisal alanlar.

DERS KiTABI / MALZEMESI /
ONERILEN KAYNAKLAR

Ders Kitabi:

Gustafson, Karl E., Rao, Duggirala, K. M. Numerical Range: The Field of Values of Linear
Operators and Matrices. Springer-Verlag, 1996.

Zorunlu Kaynaklar:

[1] Rynne, Bryan P., Youngson, Martin A. Linear Functional Analysis. Springer, 2008.
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Onerilen Kaynaklar:

Kreyszig, Erwin O. Introductory Functional Analysis with Applications. Wiley, 1989.

Bu dersi basartyla tamamlayan 6grenciler,

1. Elliptik bolge ve spektral kapsama kavramlarini anlayarak, uygun 6rnekler
iizerinde uygulayabileceklerdir.

Sayisal yaricap ve sayisal sinir kavramlarini hesaplayarak, analiz edebileceklerdir.

Ders Ogrenim Ciktilar:

Normal operatdrlerin sayisal bolgelerle iliskilerini agiklayabileceklerdir.
Cesitli W-bolge tiirlerini ve genellestirilmis bolgeleri tantyabileceklerdir.

Deger alani ve Gershgorin kiimeleri kavramlarina hakim olacaklardir.

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 (15-20 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 Simavlar:
e icerik: Sinav haftasma kadar islenen konularm timiinii kapsayan
kapsamli sorular

e  Format: Yiiz yiize. Sinav (90 dakika)

1 %40

e  Detayh Degerlendirme Kriterleri:

-Dersin temel kavramlarinin anlasildiginin gosterilmesi

-Teorik konularla ilgili problemlerin ¢oziilebilmesi

-Teorik diisiinme siireclerinin yiiriitiilmesi

Final:

e  lcerik: Dersin tiim icerigini kapsayan kapsamli sorular
e  Format: Yiiz yiize. Sinav (90 dakika) 1 %40

e  Detayh Degerlendirme Kriterleri:
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oldugunun gosterilmesi
-ileri diizey problem ¢dzme becerilerinin kullanilabilmesi

-Derste iglenen tiim konularin derinlemesine kavranmig

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

HAFTALIK KONULAR VE iLGILi ON HAZIRLIK CALISMALARI

HAFTALAR

KONULAR

On Hazirhk

IKonu Anlatimi: Normlu uzaylar, lineer operatdrler tanimi, temel
kavramlarin ve terminolojinin agiklanmasi; dersin kapsami ve
uygulama alanlarinin genel tanitimu.

Simif-i¢ci Uygulama (15 dk.): Basit normlu uzay ornekleri ve

Temel kavramlarin hatirlanmasi: Norml
uzaylar, lineer operatdrler. Kaynak: [1], 314

1 lineer operatorler ilizerinde kisa hesaplamalar; &grencilerin| 39; 87-96.

kavramlari gorsellestirmesi. Sayisal bolge kavrammm tanitilmasi

Kaynak: Ders Kitabi, 1-2.

Simf-ici Tartisma (5 dk.): Sayisal bdlgelerin matematikteki

6nemi, farkli disiplinlerdeki uygulama alanlar1 ve Ogrencilerin|

giinlilk yasam veya miihendislik uygulamalarryla iliskilendirmesi.

Konu Anlatimi: Sayisal bolge kavrami, tanimi ve temel

0zellikleri

Sinif-ici Uygulama (15 dk.): Basit lineer operatdrler igin sayisal Temel kavramlarm hatirlanmasi: Normlyj

2 bolge hesaplamalari; Ogrencilerin kavrami uygulamali olarak uzaylar, lineer operatorler. Kaynak: [1], 314
lgbrmesi 39; 87-96.

Sayisal bolge kavrami ve Ozellikleril
Simif-i¢i Tartisma (5 dk.): Sayisal bdlge ile operatdr spektrumul Kaynak: Ders Kitabi, 1-3.
arasindaki iliski iizerine tartisma
IKonu Anlatimi: Eliptik bolge kavrami ve temel 6zellikleri
Simif-i¢i Uygulama (15 dk.): Basit lineer operatorler icin elliptik] Bir lineer operatdriin 6zdeger ve 6zvekto
bolge hesaplamalari; 6grencilerin  kavrami uygulamali olarak kavramlariin gézden gecirilmesi. Kaynak:
lgbrmesi. [17, 8-9.

3 Sayisal bolgenin elips ¢ikma kosulu ve
Smif-ici Tartisjma (5 dk.): Eliptik bolgenin sayisal bolgeylel Toplietz-Hausdorff Teoreminin okunmasi
iligkisi lizerine tartigilmasi Kaynak: Ders Kitabi, 3-5.

Kisa Smav 1: (sayisal bolge kavramu,
Kisa Smav 1 (15-20 dk.): Ders sonunda, bu derse kadar iglenen| Eliptik bolge kavrami) Kaynak: Ders
konulari iceren bir kisa sinavin yapilmast Kitabi, 1-3; 3-5.
Konu Anlatimi:  Spektral kapsama kavrami; operator
spektrumunun sayisal bolge ile iliskisi ve temel 6zellikleri Operatorlerin  spektrumu  ve  adjoin
Siif-ici Uygulama (15 dk): Basit lineer operatorler iizerinde operator' kavram?armm gbzden gegirilmesi
spektral kapsama hesaplamalar1 ve gorsellestirmeler Kaynak: [1], 169; 183-185.

4 P P P & 3 Spektral kapsama kavrami;  operatd
Siif-ici Tartisma (5 dk.): Spektral kapsamanin matematikteki .s.pektrumunup .s.aylsal bolg; ile iligkisi,
6nemi, normal operatorlerle iliskisi ve uygulamalardaki yeri Omek ve ilgili teoremlerin  okunmast,
N Kaynak: Ders Kitabi, 6-8.

[lzerine tartisma

Konu Anlatimi: Sayisal yarigap kavrami, tanimi ve temel

6zellikleri; sayisal yarigap ile norm arasindaki iliskiler ve 6rnekler Operatér normu kavrami ve temell
ozelliklerinin gozden gegirilmesi. Kaynak:

Sinif-ici Uygulama (15 dk): Basit matrisler ve lineer operatorler| [1],96-98.

icin sayisal yarigap hesaplamalari Sayisal yaricap kavrami, tanimi ve temell

5 ozellikleri; sayisal yaricap ile norm
Smmf-ici Tartisma (5 dk.): Sayisal yarigapin analitik ve arasindaki iligkiler ve orneklerin

igeometrik bakis acilariyla dnemi ve spektral yarigap ile iliskisi
iizerine degerlendirme

Kisa Smav 2 (15-20 dk.): Ders sonunda, bu derse kadar islenen|

konulari iceren bir kisa siavin yapilmasi

incelenmesi. Kaynak: Ders Kitabi, 8-14.
Kisa Simnav 2: (spektral kapsama kavramu,|
Sayisal yaricap kavrami) Kaynak: Ders
Kitabi, 6-8; 8-14.
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IKonu Anlatimi: Normal operatérler kavrami, tanimi ve temell
6zellikleri. normal operatérler icin spektrum ve sayisal bolge
arasindaki iligkiler

Simif-i¢i Uygulama (15 dk.): Normal operatdrlere iliskin drnekler
lizerinde sayisal bolge ve spektrum karsilagtirmasi

Simif-i¢ci Tartisma (5 dk.): Normal operatorlerin 6zel rolii vel
sayisal bolgelerin arasindaki iliskilere dair degerlendirme

Normal operatorlerin tanimi ve temel
6zelliklerinin gozden gecirilmesi. Kaynak:
[1], 176-178.

Normal operatérler i¢in spektrum ve sayisall
bolge arasindaki iligkilerin incelenmesi.
Kaynak: Ders Kitabi, 15-17.

IKonu Anlatimi: Sayisal bolgenin sinir noktalarinin 6zelliklerinin
incelenmesi ve sayisal bolgenin kapanig kiimesi ile olan|
iligskilerinin incelenmesi

Sinif-ici Uygulama (15 dk.): Verilen operatdrler icin sayisal
sinirin belirlenmesi ve geometrik temsilinin tartisiimast

Smif-ici Tartisjma (5 dk.): Sayisal sinirin, operatdr teorisi ve
uygulamali matematik agisindan neden Gnemli oldugu iizering
fikir aligverigi

Kapanis kavramlarmin hatirlanmasi; temel]
topolojik kavramlar iizerine kisa tekra
Kaynak: [1], 13-14.

Sayisal ~ bolgenin  smir  noktalarini
ozellikleri ve kapanig kiimesiyle ola
iligkilerin  anlagilabilmesi igin  gerekli]
boliimlerin okunmasi. Kaynak: Ders Kitabu,)
18-20.

|Ara Sinav 1

Smav haftasina kadar iglenen konularin
tiimiiniin tekrar edilmesi

IKonu Anlatimi: Diger W-bolge (sayisal bolgelerin) arastirilmasi

Simif-i¢ci Uygulama (15 dk.): Verilen operatorler igin farklt W+
range tiirlerinin belirlenmesi ve deger alanlarinin hesaplanmast

Simif-i¢ci Tartisma (5 dk.): Farkli W-bolge tiirlerinin operator]
teorisinde ve uygulamali problemlerde neden onemli oldugyl
lizerine tartigma

Dual uzay ve i¢ c¢arpim konularint
hatirlanmas1 ve etkinlestirilmesi. Kaynak:
[1], 51-54; 105.

Diger W-bolge tiirleri ve incelemeleri
iceren bolimlerin okunmasi. Kaynak: Ders
Kitabi, 22-24.

10

Konu Anlatimi: Deger alani kavrami, tanimi ve temel 6zellikleri;
son arastirmalarda deger alaninin ve varyasyonlarinin incelenme
sebepleri; temel Ornekler ve smirli boyutlu uzaylardaki
uygulamalar

Sinif-ici Uygulama (15 dk.): Basit matrisler ve lineer operatorler|
icin deger alaninin hesaplanmasi ve grafiksel gosterimi.

Simif-i¢i Tartisma (5 dk.): Deger alaninin analitik ve geometrik]
bakis agilariyla onemi; smirli boyutlu uzaylarda spektrum ve|
say1sal bolge ile iliskisi lizerine degerlendirme

IKisa Smav 3 (15-20 dk.): Ders sonunda, bu derse kadar islenen|
konular1 igeren bir kisa sinavin yapilmast

Sonlu boyutlu uzaylar ve Unite
operatorlere iligkin on bilgileri
hatirlanmasi ve etkinlestirilmesi. Kaynak:
[1],4; 181-182.

Sonlu boyutlu uzaylarda deger alani
kavramma iligkin bilgilerin okunmasi.
Kaynak: Ders Kitab1, 109-113.

Kisa Smav 3: (normal operatorler igi
spektrum ve sayisal bolge arasindaki
iligkiler, Sayisal bolgenin sinir noktalarini
ozellikleri ve sayisal bdlgenin kapanis|
kiimesi ile olan iliskileri, Diger W-bdlgeler)
Kaynak: Ders Kitabi, 15-17; 18-20; 22-24.

11

IKonu Anlatimi: Matrislerin toplaminin sayisal bolgesi kavramu,|
Gershgorin kiimeleri, Gershgorin diskleri ile operator spektrumu|
arasindaki iligkiler

Sinif-ici Uygulama (15 dk.): Basit matrisler i¢in toplamin sayisall
bolgesinin hesaplanmast

Smmf-ici Tartisma (5 dk.): Gershgorin kiimelerinin spektral
tahminlerdeki Onemi ile uygulamalardaki rolii iizerine|
degerlendirme

Sayisal bolge kavrammin hatirlanmast,
Kaynak: Ders Kitabi, 1-3.

Sayisal  bolgeyi  igeren  kiimeleri
belirlenmemesinin motivasyonu \
Gershgorin Teoremi ile baglantist il
kisimlarin okunmasi. Kaynak: Ders Kitabu,|
113-117.

12

Konu Anlatimi:  Genellestirilmis sayisal bdlgeler, farkli
operatorlerde genellestirilmis bolgelerin tanimi, hesaplanmasi ve
6zellikleri (C-sayisal bolge, k-sayisal bolge ve F- sayisal bolge)

Smif-ici Uygulama (15 dk.): Verilen operatorler igin|
igenellestirilmis sayisal bolgelerin hesaplanmasi

Smmf-ici Tartisma (5 dk.): Genellestirilmis bolgelerin lineer
operatorlerin  davraniglarint  anlamadaki rolii ve spektral
tahminlerdeki 6nemi {izerine tartigma

temel kavramlarin hatirlanmasi:  Sayisal
bolge tanimi, temel Ozellikleri ve linee
operatorlerdeki 6nemi. Kaynak: Ders|
Kitaba, 1-3.

Genellestirilmis sayisal bolgeler C-sayisal
bolge, k-sayisal bolge ve f-sayisal bolge]
kavramlari, tanimlari, temel Ozellikleri
iceren boliimlerin okunmasi. Kaynak: Ders
Kitab1, 127-133.

13

Konu Anlatimi: F-sayisal bolgesinin bir genellestirilmesi olan|

Temel kavramlarin hatirlanmasi: Linee
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cebirsel sayisal alanlarin anlatimi ve onun bir varyasyonu olan M-
say1sal bolgelerin incelenmesi

Smif-ici Uygulama (15 dk.): Verilen lineer operatorler igin|
cebirsel sayisal alanlarin ve M-sayisal bolgelerin hesaplanmasi

Simif-i¢i Tartisma (5 dk.): Cebirsel sayisal alanlar ve M-sayisal
bolgelerin lineer operatorlerin davraniglarini  anlamadaki rolii
lizerine tartigma

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

operatorler, sayisal bolge. Kaynaklar: [1],
87-96. Ders Kitab1 133-134.

Konunun incelenmesi: Cebirsel sayisal
alanlarin bir genellestirmesi olarak M-
sayisal bolgelerin tanimi, temel 6zellikleri
ve uygulama alanlarmm  okunmasi.
Kaynak: Ders Kitabi, 133-134.

Kisa Smav 4: (deger alami kavrami,
Matrislerin  toplamimin sayisal bolgesi|
kavrami, Gershgorin kiimeleri,
Genellestirilmis sayisal bolgeler) Kaynak:
Ders Kitab1, 109-113; 113-117; 127-133.

Konu Anlatimi: Onceki haftalarda islenen tiim kavramlarimn
uygulamali Orneklerle pekistirilmesi; cebirsel sayisal alanlar,
Gersgorin kiimeleri ve genellestirilmis bolgeler lizerinden problem|
cOzumul

Smif-ici Uygulama: (15 dk) Ogrencilere cesitli operatorler ve
matrisler verilip; Gershgorin kiimeleri ve genellestirilmis|

Temel kavramlarin hatirlanmasi: Cebirsel
sayisal alanlar, Gershgorin kiimeleri ve
genellestirilmis  sayisal bdlgeler; temell

14 bolgelerin hesaplanmasi ve yorumlanmast tanimlar, Ozellikler ve Onceki haftalarda
islenen  ilgili  kavramlarm = godzde
Sinif-ici Tartisma: (5 dk.) Cebirsel sayisal alanlar, Gershgorin| gecirilmesi. Kaynak: Ders Kitabi, 22-24;
kiimeleri ve genellestirilmis bdlgelerin hesaplama sonuglarinin| 109-117; 127-133.
lyorumlanmasi; farkli yontemlerin avantajlart ve sinirliliklari
lizerine fikir aligverisi; operatorlerin davranist ve spektral
tahminler agisindan elde edilen bilgilerin 6nemi {izerine tartisma
Konu Anlatimi: Tim konularin genel tekrar1 ve kavramlarin|
biitiinlestirilmesi
1. Temel kavramlarin hatirlanmasi: Cebirsel
Sinif-ici Uygulama (15 dk.): Onceki haftalardan segilen karmasik| sayisal alanlar, Gershgorin kiimeleri ve
problemler {izerinden ¢ézlim caligmasi; 6grencilerin kendi sayisal genellestirilmis  sayisal bdlgeler; temell
15 bolge hesaplamalarini yapmalar1 ve sonuglari tartigmalari tanimlar, Ozellikler ve Onceki haftalarda
islenen  ilgili  kavramlarm = godzde
Smif-ici Tartisma (5 dk.): Dersin genel kazanimlarinin gecirilmesi. Kaynak: Ders Kitabi, 22-24;
degerlendirilmesi; hangi konularin giiclii oldugu, hangi konulardal 109-117; 127-133.
ek caligmaya ihtiyag oldugu {izerine tartisma
16 [Final Islenen konularin tiimiiniin tekrar edilmesi

AKTS iSYUKU TABLOSU

Etkinlikler Siiresi
(Saat)

Toplam Isyiikii

Ders Saati 3 42

Laboratuar

Uygulama (s6zlii Sinav)

Arazi Calismasi

Sinif Dis1 Ders Calismasi

Derse Ozgii Staj

Odev

Kiiciik Sinavlar/Stiidyo Kritigi

Projeler

Sunum / Seminer

Ara Smavlar (Simav Siiresi + Smmav
Hazirhk Siiresi)

Final (Simav Siiresi + Sinav
Hazirlik 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

Numerical Ranges in Normed Spaces

CODE

MAT4350

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

Elective @ Bachelor Programme in Mathematics

COURSE CATEGORY

Major Area Courses

MODE OF DELIVERY

Face-to-Face

OWNER ACADEMIC UNIT

Department of Mathematics

COURSE COORDINATOR

Elif DEMIR

ASSISTANT(S)

COURSE OBJECTIVES

This course aims to help students gain a conceptual and theoretical foundation on
numerical ranges in normed spaces. Students will study in detail fundamental concepts
such as elliptic range, spectral inclusion, numerical radius, normal operators, numerical
boundary, various W-ranges, value field, Gershgorin sets, and generalized ranges. The
course will address these concepts through both theoretical analysis and practical
examples, enabling students to understand the effects of numerical ranges on linear
operators, their relationships with spectral properties, and their analytical and geometric
interpretations in normed spaces. Through this, students will build a solid theoretical and
applied foundation in operator theory and numerical analysis in normed spaces,
enhancing their advanced mathematical problem-solving skills.

COURSE CONTENT

Normed spaces and linear operators; elliptic range; spectral inclusion; numerical radius;
normal operators; numerical boundary; other W-range types; value field; Gershgorin sets;
generalized ranges; algebraic numerical ranges.

RECOMMENDED OR REQUIRED
READINGS

Coursebook:

Gustafson, Karl E., Rao, Duggirala, K. M. Numerical Range: The Field of Values of
Linear Operators and Matrices. Springer-Verlag, 1996.

Required Readings:

[1] Rynne, Bryan P., Youngson, Martin A. Linear Functional Analysis. Springer, 2008.

Recommended Readings:

Kreyszig, Erwin O. Introductory Functional Analysis with Applications. Wiley, 1989.
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Upon successful completion of this course, students will be able to:

1. Apply the concepts of elliptic regions and spectral inclusion through
appropriate examples.

. Analyze the concepts of numerical radius and numerical range through
Course Learning Outcomes calculations.

Explain the relationship between normal operators and numerical ranges.

Identify various types of W-regions and generalized regions.

Interpret the concepts of the field of values and Gershgorin sets.

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 (15-20 minutes) 4 2420

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).
e Detailed Assessment Criteria: 1 %40

-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

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

e  Format: Face-to-face written exam. (90 minutes). 1 %40

o  Detailed Assessment Criteria:

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

Percentage of In-Term Studies “

Percentage of Final Examination H

TOTAL H

WEEKS

COURSE OUTLINE

Related Preparation

ILecture: Definition of normed spaces and linea
operators, explanation of basic concepts and
terminology; general introduction to the scope of the
course and its applications

Practice (15 minutes): Simple examples of normed|
spaces and linear operators with short calculations;
helping students visualize the concepts

In-Class Discussion (5 minutes): Discussion on the]
importance of numerical ranges in mathematics, thei
applications in various disciplines, and connecting the
concepts to real-life or engineering examples

Recollection and activation of prior knowledge on the
concepts of vector space and subspace, and the
definitions of one-to-one and onto functions. Source:
Coursebook, 26-34; 38-40.

Reading the sections on linear transformations: Special
types of linear transformations (endomorphism,
epimorphism, isomorphism, automorphism). Source:
Coursebook, 140-143.

ILecture: The concept of the numerical range, its
definition, and fundamental properties

Practice (15 minutes): Calculation of the numerical
range for simple linear operators; students observe the
concept through practical examples

In-Class Discussion (5 minutes): Discussion on the]
relationship between the numerical range and the
operator spectrum

Review of basic concepts: Normed spaces, linear
operators. Source: [1], 31-39; 87-96.

Numerical range concept and its properties. Source:
Coursebook, 1-3.

ILecture: Concept of the elliptical region and its basic
[properties

Practice (15 minutes): Calculations of elliptical
regions for simple linear operators; allowing students
to see the concept in practice

In-Class Discussion (5 minutes): Discussion on the
relationship between the elliptical region and the]
mumerical range.

Quiz 1 (15-20 mnts.): A quiz at the end of the class|
covering the topics studied up to the session

Review of the concepts of eigenvalues and
eigenvectors of a linear operator. Source: [1], 8-9.
Condition for the numerical range to be elliptical and
reading of the Toeplitz-Hausdorff Theorem. Source:
Coursebook, 3-5.

Quiz 1: (concept of the numerical range, concept of the
elliptical region) Source: Coursebook, 1-3; 3-5.

ILecture: Concept of spectral inclusion; the
relationship between the operator spectrum and the
numerical range, and its basic properties

Practice (15 minutes): Calculations and
visualizations of spectral inclusion for simple linear
operators

In-Class Discussion (5 minutes): Discussion on the
imathematical significance of spectral inclusion, its
relation to normal operators, and its role in
applications

Review of the spectrum of operators and the concept of
the adjoint operator. Source: [1], 169; 183-185.
Concept of spectral inclusion; the relationship between
the operator spectrum and the numerical range,
examples, and reading of related theorems. Source:
Coursebook, 6-8.

ILecture: Concept of numerical radius, its definition,|
and basic properties; relationships between numerical
radius and norm, with examples

Review of the concept of operator norm and its basic
properties. Source: [1], 96-98.

Concept of numerical radius, its definition, and basic
properties; examination of the relationships between
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Practice (15 minutes): Calculations of numericall
radius for simple matrices and linear operators

In-Class Discussion (5 minutes): Evaluation of the
importance of numerical radius from analytical an
geometric perspectives, and its relation to the spectrall
radius

Quiz 2 (15-20 mnts.): A quiz at the end of the class|
covering the topics studied up to the session

numerical radius and norm, with examples. Source:
Coursebook, 8-14.

Quiz 2: (concept of spectral inclusion, concept of
numerical radius) Source: Coursebook, 6-8; 8-14.

ILecture: Concept of normal operators, their
definition, and basic properties. Relationships between
the spectrum and numerical range for normal operators

Practice (15 minutes): Comparison of numericall
range and spectrum on examples of normal operators

In-Class Discussion (5 minutes): Evaluation of the
special role of normal operators and the relationships
between their numerical ranges

Review of the definition and basic properties of normal
operators.Source: [1], 176-178.

Examination of the relationships between the spectrum
and numerical range for normal operators. Source:
Coursebook, 15-17.

ILecture: Examination of the properties of boundary
points of the numerical range and the relationships
between the numerical range and its closure

Practice (15 minutes): Determination of th
mumerical boundary for given operators and discussion|
of its geometric representation

In-Class Discussion (5 minutes): Exchange of ideas|
on the importance of the numerical boundary in|
operator theory and applied mathematics

Review of the concept of closure; brief recap of basic
topological concepts. Source: [1], 13-14.

Reading the sections necessary to understand the
properties of boundary points of the numerical range
and their relationships with the closure. Source:
Coursebook, 18-20.

Midterm 1

Review of all topics covered up to the exam week.

Lecture: Investigation of other W-ranges (numerical
ranges)

Practice (15 minutes): Determination of differen
types of W-ranges for given operators and calculation|
of their value sets

In-Class Discussion (5 minutes): Discussion on the
importance of different types of W-ranges in operator
theory and applied problems

Review and activation of the topics of dual space and
inner product. Source: [1], 51-54; 105.

Reading the sections covering other types of W-ranges
and their examinations. Source: Coursebook, 22-24.

10

Lecture: Concept of the field of values, its definition
land basic properties; reasons for studying the field of
Ivalues and its variations in recent research; basic
lexamples and applications in finite-dimensional spaces

Practice (15 minutes): Calculation and graphical
representation of the field of values for simple
imatrices and linear operators

In-Class Discussion (5 minutes): Evaluation of the
importance of the field of values from analytical and
geometric perspectives; its relationship with the
spectrum and numerical range in finite-dimensional
spaces

Quiz 3 (15-20 mnts.): A quiz at the end of the class|
covering the topics studied up to the session

Review and activation of prior knowledge on finite-
dimensional spaces and unitary operators. Source: [1],
4; 181-182.

Reading on the concept of the field of values in finite-
dimensional spaces. Source: Coursebook, 109-113.
Quiz 3: (relationships between the spectrum and
numerical range for normal operators, properties of
boundary points of the numerical range and the
relationships between the numerical range and its
closure, other W-ranges) Source: Coursebook, 15-17;
18-20; 22-24

11

ILecture: Concept of the numerical range of the sum
of matrices, Gershgorin sets, and the relationships
between Gershgorin disks and the operator spectrum
Quick Practice (15 minutes): Calculation of the

numerical range of the sum for simple matrices

Review of the concept of numerical range. Source:
Coursebook, 1-3.

Reading the sections on the motivation for identifying
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In-Class Discussion (5 minutes): Evaluation of the
importance of Gershgorin sets in spectral estimates
and their role in applications

sets containing the numerical range and its connection
with the Gershgorin Theorem. Source: Coursebook,
113-117.

ILecture: Generalized numerical ranges, definition,
calculation, and properties of generalized ranges for
different operators (C-numerical range, k-numerical
range, and F-numerical range)

Practice (15 minutes): Calculation of generalize

Review of basic concepts: Definition of the numerical
range, its fundamental properties, and its importance in
linear operators. Source: Coursebook, 1-3.

12 numerical ranges for given operators Reading the sections on generalized numerical ranges,
including the concepts, definitions, and basic properties
In-Class Discussion (5 minutes): Discussion on the of the C-numerical range, k-numerical range, and f-
role of generalized ranges in understanding the numerical range. Source: Coursebook, 127-133.
behavior of linear operators and their importance in
spectral estimates
ILecture: Presentation of algebraic numerical ranges,
which are a generalization of the F-numerical range,
and examination of their variation, the M-numerical
ranges Review of basic concepts: Linear operators, numerical
range. Sources: [1], 87-96; Coursebook, 133-134.
Practice (15 minutes): Calculation of algebraic Examination of the topic: Reading on the definition,
numerical ranges and M-numerical ranges for given basic properties, and applications of M-numerical
linear operators. ranges as a generalization of algebraic numerical
13 ranges. Source: Coursebook, 133-134.
In-Class Discussion (5 minutes): Discussion on the Quiz 4: (concept of the field of values, Calculation of
role of algebraic numerical ranges and M-numerical the numerical range of the sum for simple matrices,
ranges in understanding the behavior of linear Gershgorin sets, generalized numerical ranges) Source:
operators Coursebook, 109-113; 113-117; 127-133.
Quiz 4 (15-20 mnts.): A quiz at the end of the class|
covering the topics studied up to the session
ILecture: Reinforcement of all concepts covered in
previous weeks through applied examples. Problem
solving on algebraic numerical ranges, Gershgorin
sets, and generalized ranges.
Practice (15 minutes): Students are given various . . . .
operators and matrices; calculation and interpretation Review .Of concepts: Algebr.alc numerl.cal rangesf
of Gershgorin sets and generalized ranges. Ger.shgorm. sets, and g@nerahzed numerical ranges;
14 basic definitions, grop_ertles, an_d a recap (f(f the Srelated
. . . . concepts covered in previous weeks. Source:
In-Class DlSCllSS.IOIl [ m}nutes): Interpretatlop of the CoursEbook, 2224, 109-1 {)7’ 127-133.
results of algebraic numerical ranges, Gershgorin sets,
and generalized ranges; exchange of ideas on the
advantages and limitations of different methods;
discussion on the importance of the obtained
information for understanding operator behavior and
spectral estimates
ILecture: General review of all topics and integration
of concepts
Practice (15 minutes): Problem-solving practice on Review of concepts: algebraic numerical ranges,
selected complex problems from previous weeks; Gershgorin sets, and generalized numerical ranges;
15 students perform their own W(A) calculations and basic definitions, properties, and a recap of the related
discuss the results concepts covered in previous weeks. Source:
Coursebook, 22-24, 109-117, 127-133.
In-Class Discussion (5 minutes): Evaluation of the
overall learning outcomes of the course; discussion on
which topics are strong and which areas require
additional study
16 Final Review of all topics covered.
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ECTS WORKLOAD TABLE

—————T1
Activities Number Duration Total Workload
(Hour)

Course Hours 42

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)

Final (Examination Duration + Examination Prep. Duration)

Total Workload:

Total Workload / 30(h):

ECTS Credit:
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Pg;-l Geometri, analiz,

lineer cebir, soyut matematik,
cebir ve diferansiyel
denklemler gibi matematigin
temel alanlarindaki tanimlari
ve teoremleri ifade
edebilecek, bunlar arasinda
iliski kurabilecek ve tjlerin
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

I~
I~
(>N
(>N
(>N

applications.

PS:-Z Matematik alanindaki
teorik ve uygulamall
bilgilerini ve matematiksel
diisiinme becerilerini
kullanarak standart ve
karmasik matematiksel

problemleri tanimlayabilecek
ve analitik ve/veya sayisal
yontemlerle ¢ozebilecek 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

I~
I~
[°N
[°N
[°N

skills.

PS:-3 Matematik alanindaki
teorik ve uygulamal
bilgilerini ve matematiksel
diistinme becerilerini

kullanarak gergek hayattaki
problemlerin ~ matematiksel
modellerini gelistirebilecek 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.

1w
[o%)
1
1
1
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Pg;-4 Disiplinlerarast bir

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

P Q-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 disiplinlerarasi
uzmanlik alanlarmda
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.

PQ-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 icin
hayat boyu 6grenme
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.

I~
(2N
[F°N
[F°N
[F°N

I~
I~
[N
[N
(>N
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Pg;-8 Bilimsel
aragtirmalarint1  ve  mesleki
faaliyetlerini yiirtitiirken
dogabilecek hukuksal
sonuglar1 ve toplumsal etkileri
dikkate alarak mesleki etik
ilkeler, kalite standartlar 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 literatiir taramasi
yapabilecek ve akademik

1
(%)
1
1
1

arastirma tasarlayip
ylriitebileceklerdir. / Access ﬂ i ﬂ ﬂ ﬂ
reliable sources of

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

PS ;- 11 Matematiksel

konulari, teorileri, ispatlari,
aragtirmalart  ve  problem
¢Oziimlerini, matematik
terminolojisi kullanarak tim
paydaglara Tiirkce 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.

I~
I~
I
I
I
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