FAKULTE / ENSTITU ADI

DERS BiLGi FORMU

Fen Edebiyat Fakiiltesi

BOLUM / PROGRAM /
ANABILIiM DALI ADI

Matematik

DERSIN ADI

Klasik Matris Gruplarina Giris

DERSIN KODU

MAT4420

YEREL KREDISi

3

AKTS KREDISi

HAFTALIK DERS SAATI

HAFTALIK UYGULAMA SAATI

HAFTALIK LABORATUVAR
SAATI

ONKOSULLAR

Yok

YARIYIL

Giiz, Bahar

DERSIN DiLi

Tiirkce

DERSIN SEVIYESi

Lisans

DERSIN TURU

Secmeli @Matematik Lisans Programi

DERSIN KATEGORISi

Temel Meslek Dersleri

DERSIN VERILIS SEKLI

Yiiz Yiize

DERSi SUNAN AKADEMIK
BiRiM

Matematik Boliimii

DERSIN KOORDINATORU

Salih CELIK

ASISTAN(LAR)

DERSIN AMACI

Bu dersin amaci, dgrencilerin matematigin en 6nemli ve en temel konularindan biri olan

matris gruplarini ve onlarin Lie cebirlerini olugturmay1 6grenmelerine yardimei olmaktir.

DERSIN iCERIiGI

Temel kavramlar; genel lineer gruplar; {initer gruplar; grup homomorfizmleri; Lie cebirleri.

DERS KiTABI / MALZEMESI /
ONERILEN KAYNAKLAR

Ders Ogrenim Ciktilar

Ders Kitabi:

Curtis, M. L. Matrix Groups. Springer-Verlag, 1984.

Zorunlu Kaynaklar:

[1] Baker, Andrew. Matrix Groups An Introduction to Lie Group Theory. Springer
Undergraduate Mathematics Series, 1973.

[2] Curtis, M. L. Matrix Groups. Springer-Verlag, 1984.

Onerilen Kaynak:

Curtis, M. L. Matrix Groups. Springer-Verlag, 1984.
Bu dersi basariyla tamamlayan 6grenciler,

1. On sart derslerini kismen gozden gegirerek, eksikleri tamamlayabileceklerdir.

2. Bazi matris gruplarni elde edebileceklerdir.
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Matris gruplarinin teget uzaylarmi bulabileceklerdir.

Bir matrisin iistel ve logaritmik hesabini yapabileceklerdir.

Matris gruplarinin Lie cebirlerini elde edebileceklerdir.

DEGERLENDIRME SiSTEMIi

Etkinlikler Sayi Katki Pay1

Devam/Katihm:
e icerik: Ogrencilerin derse devam etmeleri ve katilmalari

e  Detayh Degerlendirme Kriterleri:

14 %S5
- Derse aktif katilim ve soru sorma
- Sinif-i¢i tartigmalara ve problem ¢6zme siireclerine katki
saglayabilme
| 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) 1 %25
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 yiize. Sinav (80 dakika)
< . . . 1 %30
e  Detayh Degerlendirme Kriterleri:
-Dersin temel kavramlarinin anlasildigmin gosterilmesi
-Teorik konularla ilgili problemlerin ¢oziilebilmesi
-Teorik diisiinme siireclerinin yiiriitiilmesi
Final:
e icerik: Dersin tiim ierigini kapsayan kapsamli sorular
e  Format: Yiiz yiize. Sinav (110 dakika)
1 %40
e Detayh Degerlendirme Kriterleri:
-Derste islenen tiim konularin derinlemesine kavranmig
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oldugunun gosterilmesi
-ileri diizey problem ¢dzme becerilerinin kullanilabilmesi

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

HAFTALAR

KONULAR

Konu Anlatimi: Temel kavramlar: grup, halka, cisim

Simif-i¢ci Uygulama (5 dk.): Basit grup ve halka ornekleri
lizerinde islemler yaptirilmasi

Grup,

HAFTALIK KONULAR VE iLGILi ON HAZIRLIK CALISMALARI
On Hazirhk
halka ve cisim kavramlarini
1 hatirlanmas1 ve etkinlestirilmesi. Kaynak:
Smif-i¢ci Tartisma (5 dk.): Grup, halka ve cisim kavramlarinin| Ders Kitabi, 1-11.
cebirin diger alanlarinda ve lineer cebir ile olan iligkileri {izerine|
tartisma yapilmasi
Konu Anlatimi: Vektorler, matrisler, i¢ ¢arpimlar
Simif-i¢i Uygulama (5 dk.): Vektorler ve matrisler iizerinde temel| .. . .
islemlerin yaptirilmasi, i¢ ¢garpim drneklerinin gésterilmesi Vektorler,  matrisler ve i¢  carpt
2 3 ? kavramlarinin hatirlanmasi ve
Simf-ici Tartisma (5 dk.): I¢ carpim kavraminin lineer cebir ve Tiﬁlglf_sztzllmem' Kaynak: Ders Kitabi, 121
matris gruplarindaki rolii iizerine tartisma yapilmasi ’ ’
IKonu Anlatimi: Genel lineer gruplar
tsggltef;fllagi); giullgngrgigl;) : 1(1}121:;11;;?6& grup GL(n, &) dzerindg Genel lineer gruplar konusunu iceren|
3 ¥ ve bolimiin ~ okunmasi.  Kaynak:  Ders|
Smmf-i¢ci Tartisma (5 dk.): Genel lineer gruplarin determinant Kitabs,15-18.
kavrami ve tersinir matrislerle iligkisi lizerine tartisma yapilmasi
IKonu Anlatimi: Ortogonal gruplar, simplektik gruplar
Simif-i¢i Uygulama (5 dk.): Ortogonal matrislerin tanimlanmasi
ve basit 6rnekler lizerinde determinant ve transpoze iliskilerinin Ortogonal ve simplektik gruplar konularini
4 incelenmesi igeren boliimiin okunmasi. Kaynak: Ders
Kitabi, 25-28.
Sinif-i¢ci Tartisma (5 dk.): Simplektik gruplarin tanimi ve klasik
mekanikteki rolii lizerine tartigma yapilmasi
Konu Anlatimi: Uniter gruplar, kuaterniyonik genel lineer
gruplar.
Sinif-ici Uygulama (5 dk.): Uniter matrislerin tanimlanmasi ve| Uniter matrisler ve kuaterniyonlarmn temel
5 orneklerle gosterilmesi tanimlart  konularint  igeren  boliimil
okunmasi. Kaynak: Ders Kitabi, 25-28.
Siif-ici Tartisma (5 dk.): Kuaterniyonik matrislerin 6zellikleri
ve fizik ile miihendislikteki rolii iizerine tartigma yapilmasi
Konu Anlatimi: izomorfizm problemi, R»* de Yansimalar.
Simif-i¢ci Uygulama (5§ dk.): R*de dogrusal yansimalarin|
tanimlanmasi ve 6rneklerle uygulanmasi izomorfizm kavrami ve Rmde linee
yansimalar konularimi igeren bdliimiin|
6 Simif-i¢i Tartisma (5 dk.): izomorfizmlerin grup yapist icindeki okunmast. Kaynak: Ders Kitabi, 29-32.
rolii ve yansima gruplarimnin 6zellikleri {izerine tartigma yapilmasi Kisa Smav 1: (matris gruplart). Kaynak:
Ders Kitabi, 1-28.
Kisa Smav 1 (30 dk.): Matris gruplar1 konusunu igeren bir kisa|
siavin yapilmast
7 Konu Anlatimi: Vektor uzayinda egriler ve teget uzaylar Vektor uzayinda egriler ve teget vektorle
konusunu igeren boliimiin  okunmasi.
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Simif-ici Uygulama (5 dk.): Vektér uzayinda tanimli basit
legrilerin teget vektorlerinin hesaplanmasi

Smif-ici Tartisma (5 dk.): Teget uzaylarin tanimi ve matris
gruplart baglaminda egrilerle olan iliskisi iizerine tartigmal
lyapilmasi

Kaynak: Ders Kitabi, 35-42.

Smav haftasina kadar islenen konulart

8 Ara Smav 1 tiimiiniin tekrar edilmesi
IKonu Anlatimi: Grup homomorfizmleri
Sl Uogtama (€ . Bt g Somonorfemlivil 1 Gy oot kons i
9 ve yap bolimiin okunmasi. Kaynak: Ders Kitabu,|
Smif-ici Tartisma (5 dk.): Grup homomorfizmlerinin &zellikleri 41-42.
ve ¢ekirdek—goriintii kavramlariin tartigilmasi
IKonu Anlatimi: Matris argiimanl: iistel fonksiyon
Smif-ici Uygulama (5 dk.): Matris arglimanli {istel
fonksiyonlarin  tanimlanmast ve basit Omekler iizerinde| Matris  argiimanli  {istel  fonksiyonla
10 hesaplanmasi konusunu igeren bolimiin okunmasi.
Kaynak: Ders Kitabi, 45-48.
Smif-ici Tartisma (5 dk.): Ustel fonksiyonlarin matris gruplari
baglaminda 6nemi ve diferansiyel denklemlerdeki uygulamalari
lizerine tartisma yapilmasi
Konu Anlatimi: Matris argiimanli logaritma fonksiyonu
Simif-i¢i Uygulama (5 dk.): Matris logaritmasinin basit drnekler
lizerinde hesaplanmasi ve 6zelliklerinin gdsterilmesi Matris argiimanli logaritma fonksiyon
11 konusunu igeren bdliimiin  okunmasi.
Smif-ici Tartisma (5 dk.): Matris logaritmalarinin  matris Kaynak: Ders Kitabi, 49-50.
eruplarindaki rolii ve diferansiyel denklemler baglaminda
kullanimlari iizerine tartisma yapilmast
IKonu Anlatimi: Tek parametreli alt gruplar
Smif-ici Uygulama (5 dk.): Tek parametreli alt gruplar icin Tek parametreli alt gruplar konusunu igere
0 verilen drneklerin incelenmesi ve temel 6zelliklerinin gosterilmesi boliimiin okunmast. Kaynak: Ders Kitabi,
51-55.
Smif-i¢i Tartisma (5 dk.): Tek parametreli alt gruplarin matris
eruplarindaki 6nemi ve Lie cebirleri ile iliskisi {izerine tartigmal
lyapilmasi
IKonu Anlatimi: Lie cebirleri, adjoint tasvirler.
Simif-ici Uygulama: (5 dk.): Lie cebirleri ve adjoint tasvirlere Lie cebi{lf.:.ri ve adjoint tasvirler konularini
13 dair temel orneklerin incelenmesi i¢eren boliimiin okunmasi. Kaynak: Ders
Kitab1, 56-58.
Siif-ici Tartisma: (5 dk.): Lie cebirlerinin matris gruplariylal
iliskisi ve adjoint tasvirlerin dnemine dair tartisma yapilmasi
IKonu Anlatimi: B6liim gruplari
slmf-ici. Uygulama:' S ) dk) Bfih:im gruplarna dair temel Boliim gruplar1 konusunu igeren bolimiin
14 0rneklerin incelenmesi ve 6zelliklerinin tartigiimasi okunmast. Kaynak: Ders Kitabi, 67-70.
Smmif-i¢ci Tartisma: (5 dk.) Boliim gruplarinin Lie gruplari ve
matris gruplar1 baglaminda 6nemi {izerine tartisma yapilmasi
Simif-i¢i Uygulama (15 dk.): Genel tekrar ve uygulamalar Matris gruplart ve Lie cebirleri {izerine]
15 temel kavramlarin gdzden gegirilmesi.
Simif-i¢i Tartisma (5 dk.): Soru-cevap Kaynak: Ders Kitabi, 15-58.
16 [Final Islenen konularin tiimiiniin tekrar edilmesi
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Etkinlikler liresi Toplam Isyiikii

Ders Saati 42

Laboratuar

Uygulama

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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FACULTY / GRADUATE SCHOOL

COURSE INFORMATION FORM

Faculty of Arts and Sciences

DEPARTMENT / PROGRAMME

Mathematics

TITLE OF COURSE

Introduction to Classical Matrix Groups

MAT4420

3

5

PRACTICAL HOUR / WEEK

LABORATORY HOUR / WEEK

PREREQUISITE

None

SEMESTER

Fall, Spring

COURSE LANGUAGE

Turkish

LEVEL OF COURSE

First Cycle

COURSE TYPE

Elective @ Bachelor Programme in Mathematics

COURSE CATEGORY

Core Courses

MODE OF DELIVERY

Face-to-Face

OWNER ACADEMIC UNIT

Department of Mathematics

COURSE COORDINATOR

Salih CELIK

ASSISTANT(S)

COURSE OBJECTIVES

This course aims to help students study matrix groups, one of the most fundamental and
essential topics in mathematics, and to construct their associated Lie algebras.

COURSE CONTENT

Fundamental concepts; general linear groups; unitary groups; group homomorphisms; lie
algebras.

RECOMMENDED OR REQUIRED
READINGS

Coursebook:

Curtis, M. L. Matrix Groups. Springer-Verlag, 1984.

Required Readings:

[1] Baker, Andrew. Matrix Groups An Introduction to Lie Group Theory. Springer
Undergraduate Mathematics Series, 1973.

[2] Curtis, M. L. Matrix Groups. Springer-Verlag, 1984.

Recommended Readings:

Curtis, M. L. Matrix Groups. Springer-Verlag, 1984.

Course Learning Outcomes

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

Review prerequisite courses to a certain extent and address any deficiencies.
Derivation of certain matrix groups.
Identify the tangent spaces of matrix groups.

Perform the exponential and logarithmic computations of a matrix.
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N 21Y
_ 5. Derive the Lie algebras of matrix groups.
EVALUATION SYSTEM
| Activities Number Percentage of Grade

Attendance/Participation:
e  Content: Student attendance and participation in the course.

o  Detailed Assessment Criteria:

14 %5
-Active participation in lessons and asking questions
-Ability to contribute to in-class discussions and problem-solving
processes
| Laboratory H H ‘
| Application H H ‘
| Field Work H H ‘
‘ Special Course Internship (Work Placement)
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)
1 %25
e Detailed Assessment Criteria:
-Ability to solve problems related to the theoretical topics covered in
the course
| Homework Assignments H H ‘
‘ Presentations/Jury H H ‘
| Project H H ‘
‘ Seminar/Workshop 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 %30
-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
e  Format: Face-to-face written exam. (90 minutes).
1 %40
e 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 %60
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Percentage of Final Examination H

TOTAL H

WEEKS

COURSE OUTLINE

Related Preparation

Lecture: Fundamental concepts: group, ring, field

Quick Practice (5 minutes): Performing simple
operations on examples of groups and rings

In-class Discussion (5 min.): Discussing the role of]
groups, rings, and fields in other areas of algebra and|
their connections with linear algebra

Recollection and activation of prior knowledge on the
concepts of group, ring, and field. Sources:
Coursebook, 1-11.

Lecture: Vectors, matrices, inner products

Quick Practice (5 minutes): Practicing basig
operations on vectors and matrices, illustrating]
examples of inner products

In-Class Discussion (5 minutes): Discussing the role]
of the inner product concept in linear algebra and
matrix groups

Recollection and activation of prior knowledge on the
concepts of vectors, matrices, and inner product.
Sources: Coursebook, 12-14; 23-24.

Lecture: General linear groups

Quick Practice (5 minutes): Practicing basic matrix|
operations on the general linear group GL(n, R)

In-Class Discussion (5 minutes): Discussing the]
relationship of general linear groups with the]
determinant concept and invertible matrices

Reading the section on general linear groups. Sources:
Coursebook, 15-28.

Lecture: Orthogonal groups, symplectic groups

Quick Practice (5 minutes): Identifying orthogonal
matrices and examining the relationship between|
determinant and transpose on simple examples

[n-Class Discussion (5 minutes): Discussing the
definition of symplectic groups and their role in
classical mechanics

Reading the section covering orthogonal and
symplectic topics. Source: Coursebook, 25-28.

Lecture: Unitary groups, quaternionic general linea
eroups

Quick Practice (5 minutes): Identifying unita
matrices and illustrating with examples

In-Class Discussion (5 minutes): Discussing the]
properties of quaternionic matrices and their role i
physics and engineering

Reading the section covering the basic definitions of
unitary matrices and quaternions. Source: Coursebook,
25-28.

Lecture: Isomorphism problem, reflections in R»

Quick Practice (5 minutes): Defining linea
reflections in R" and illustrating with examples

In-Class Discussion (5 minutes): Discussing the role
of isomorphisms in group structures and the properties
of reflection groups

Quiz 1 (30 minutes): Defining matrix exponential
functions and computing them on simple examples

Reading the section covering the concept of
isomorphism and linear transformations in R®. Source:
Coursebook, 29-32.

Quiz 1: (matrix groups). Source: Coursebook, 1-28.
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Lecture: Curves and tangent spaces in vector spaces

Quick Practice (5 minutes): Computing tangen
vectors of simple curves defined in vector spaces

In-Class Discussion (5 minutes): Discussing th
definition of tangent spaces and their relation to curves
in the context of matrix groups

1. Reading the section on curves and tangent vectors in
vector space. Source: Coursebook, 35-42.

Midterm 1

Review of all topics covered up to the exam week.

Lecture: Group homomorphisms

Quick Practice (5 minutes): Defining simple group
homomorphisms and applying them through examples

In-Class Discussion (5 minutes): Discussing th
properties of group homomorphisms and the concepts
of kernel and image

1. Reading the section on group homomorphisms. Source:
Coursebook, 41-42.

10

Lecture: Matrix exponential function

Quick Practice (5 minutes): Defining matri
exponential functions and computing them on simple]
examples.

In-Class Discussion (5 minutes): Discussing th
importance of exponential functions in the context o
matrix groups and their applications in differentiall
equations

1. Reading the section on matrix-argument exponential
functions. Source: Coursebook, 45-48.

11

Lecture: Matrix logarithm function

Quick Practice (5 minutes): Computing matri
logarithms on simple examples and demonstrating thei
[properties

In-Class Discussion (5 minutes): Discussing the role]
of matrix logarithms in matrix groups and thei
applications in the context of differential equations

1. Reading the section on matrix-argument logarithm
functions. Source: Coursebook, 49-50.

12

[Lecture: One-parameter subgroups

Quick Practice (5 minutes): Examining examples o
one-parameter subgroups and demonstrating thei
fundamental properties

In-Class Discussion (5 minutes): Discussing th
significance of one-parameter subgroups in matrix|
groups and their connection with Lie algebras

1. Reading the section on single-parameter subgroups.
Source: Coursebook, 51-55.

13

Lecture: Lie algebras, adjoint representations

Quick Practice (5 minutes): Examination of basic
examples related to Lie algebras and adjoin
representations

In-Class Discussion (5 minutes): Discussion on th
relation of Lie algebras to matrix groups and the
significance of adjoint representations

1. Reading the section covering Lie algebras and adjoint
representations. Source: Coursebook, 56-58.

14

Lecture: Quotient groups
Quick Practice (5 minutes): Examination of basic]
examples of quotient groups and discussion of thei

[properties

In-Class Discussion (5 minutes): Discussion on th

importance of quotient groups in the context of Lie

1. Reading the section on section groups. Source:
Coursebook, 67-70.
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groups and matrix groups

Practice (15 minutes): General review and practice 1. Reviewing the fundamental concepts of matrix groups

15 . . . . and Lie algebras. Sources: Coursebook, 1-72.
In-Class Discussion (5 minutes): Question-Answer

16 Final Review of all topics covered.

ECTS WORKLOAD TABLE

Course Hours 3 42

Activities Number Duration Total Workload
(Hour)
I

Laboratory “ H

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 tanimlari

ve teoremleri ifade
edebilecek, bunlar arasinda
iligki kurabilecek ve

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

1]
[9)]
I~
1
I~

applications.

P Q-Z Matematik alanindaki
teorik ve uygulamali
bilgilerini ve matematiksel
diisiinme becerilerini
kullanarak standart ve
karmagik matematiksel

problemleri tanimlayabilecek
ve analitik ve/veya sayisal
yontemlerle ¢6zebilecek ve
matematiksel bir Onermenin
gegerliligini  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

1))

[0}

()
1

skills.

PS ;-3 Matematik alanindaki
teorik ve uygulamali
bilgilerini ve matematiksel
diisiinme becerilerini

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

[0)]
1
[9)]
1
[9)]
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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.

[
[F N
[3)]
1
[3)]

[N
[0)]
1
[§)]
1

(9]
1
&
[9)]
1

I
[9)]
1
I~
I
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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
arastirma tasarlayip
ylriitebileceklerdir. / Access
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.
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