FAKULTE / ENSTIiTU ADI

DERS BiLGi FORMU

Fen Edebiyat Fakiiltesi

B(‘)Li‘JM / PROGRAM /
ANABILIM DALI ADI

Matematik

DERSIN ADI

Halkalar ve Modiiller

DERSIN KODU

MAT4410

YEREL KREDISi

3

AKTS KREDISi

5

HAFTALIK DERS SAATI

HAFTALIK UYGULAMA SAATI

HAFTALIK LABORATUVAR
SAATI

ONKOSULLAR

Yok

YARIYIL

Giiz

DERSIN DiLi

ingilizce, Tiirkce

DERSIN SEVIYESI

Lisans

DERSIN TURU

Secmeli @Matematik Lisans Program

DERSIN KATEGORISi

Temel Meslek Dersleri

DERSIN VERILIS SEKLI

Yiiz Yiize

DERSi SUNAN AKADEMIiK
BiRiM

Matematik Boliimii

DERSIN KOORDINATORU

Giirsel YESILOT

ASISTAN(LAR)

DERSIN AMACI

Bu dersin amaci, 6grencilere halkalar, idealler ve modiiller icerikli derslerin temellerini
vererek lisansiistli caligmalaria yardime1 olmaktir.

DERSIN iCERIGi

Halka ve alt halka kavrami, tamlik bdlgesi; ideal ve ideal iglemleri; i¢ ve dig direkt toplam;
Dorroh genisleme teoremi; izomorfizma teoremleri; nil halka, nil ideal, nilpotent ideal,;
tamlik bolgesi ve cisimler; kesirler halkasi, kesir cisim; maksimal ideal; Zorn Lemma, Krull-
Zorn Teorem; asal ve asalimsi idealler, nil radikal, yar1 asal ideal, ilgili asal ideal, minimal
asal ideal; modiil ve alt modiil kavrami, devirli modiil, serbest modiil, projektif modiil.

DERS KiTABI / MALZEMESI /
ONERILEN KAYNAKLAR
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Ders Kitaba:

Burton, David. A first Course Rings in ideals. Addison-Wesley, 1970.

Zorunlu Kaynaklar:

[1] Sharp, R. Y. Steps in Commutative Algebra. Cambridge University Press, 1990

[2] Malik, M. S., Mordeson, J. N., Sen, M. K. Fundementals of Abstract Algebra. McGraw-
Hill, 1997.

[3] Balkanay, Erol, Agargiin, A. Goksel, Nilgiin, Aygér. Soyut Cebir. cilt 1, YTU Vakfi
Yaynlari, 2000.

[4] Yesilot, Giirsel. Soyut Cebir Coziimlii Problemleri. Nobel Yayinevi, 2012.

Onerilen Kaynaklar:

Callalp, Fethi, Tekir, Unsal, Degismeli Halkalar ve Modiiller. Birsen Yaymevi, 2009.
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Bu dersi basartyla tamamlayan 6grenciler,
1. Halka tanimin1 ve 6rneklerini verebileceklerdir.
2. Tamlik bolgesi tanim1 ve drneklerini verebileceklerdir.
I¢ ve dis direkt toplam tanimi ve zeliklerini agiklayabileceklerdir.

Nil halka, nil ideal, nilpotent ideal ve bunlarin temel 6zelliklerini
aciklayabileceklerdir.

Ders Ogrenim Ciktilari . Cisim, alt cisim tanimlarini ve bunlarin temel 6zelliklerini aciklayabileceklerdir.

Maksimal idealler ve 6zelliklerini agiklayabileceklerdir.

Kesir cismi, kesir halkas1 ve bunlarin temel 6zelliklerini agiklayabileceklerdir.
Asal idealler, asalimsi idealler ve 6zelliklerini verebileceklerdir.

Modiil, alt modiil, devirli modiil tanimi ve 6zeliklerini verebileceklerdir.

Serbest modiil, projektif modiil ve drneklerini verebileceklerdir.

DEGERLENDIRME SiSTEMI

Etkinlikler Say1 Katki Pay1

‘ Devam/Katilm 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 sorulmasi

e  Format: Yiiz yiize. Coktan se¢meli kisa sinav (5-10 dakika) 4 %20

e Detayh Degerlendirme Kriterleri:

-Derste islenen teorik konular ile ilgili problemleri ¢dzebilme

O | |

‘ Sunum/Jiiri H H

Proie | |

‘ Seminer/Workshop H H

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

e  Format: Yiiz yiize. Sinav (80-100 dakika)
1 %40

e Detayh Degerlendirme Kriterleri:

-Dersin temel kavramlarinin anlasildiginin gosterilmesi
-Teorik konularla ilgili problemlerin ¢dziilebilmesi
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-Teorik diisiinme siireclerinin yiiriitiilmesi

e icerik: Dersin tiim igerigini kapsayan kapsamli sorular

e  Format: Yiiz yiize. Sinav (80-100 dakika)

e  Detayh Degerlendirme Kriterleri:

-Derste iglenen tiim konularin derinlemesine kavranmis oldugunun
gosterilmesi
-Ileri diizey problem ¢6zme becerilerinin kullanilabilmesi

1 %40

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

HAFTALIK KONULAR VE iLGIiLi ON HAZIRLIK CALISMALARI

HAFTALAR

KONULAR

On Hazirhik

Konu Anlatimi: Halka tanimi ve 6zellikleri

Simif-i¢i Uygulama (5 dk.): iki islemli bir cebirsel yap1 6rnegi
vererek halka olup olmadigmin incelenmesi

Halka tanimi ve Orneklerinin okunmasi,

1 Kaynak: Ders Kitabi, 1-7.

Sinif-i¢i Tartisma (5 dk.): Halka kavraminin matematik ve diger|

disiplinlerdeki yerinin tartigilmast

Konu Anlatimi: Alt halka tanimi1 ve drneklerinin verilmesi

Sinif-i¢i Uygulama (5 dk.): Alt halka 6rneklerinin sunulmasi

Smif-ici Tartisma (5 dk.): Bir halkanm keyfi bir alt kiimesi her Alt halka olma kriterlerinin - okunmast,
2 zaman halka kriterlerini saglar mi, tartigilmasi Kaynak: Ders Kitabr, 8.

£ ? Kisa Sinav 1: (halkalar ve alt halkalar).

Kisa Smav 1 (15 dk.): Ders sonunda, derste islenen konulari

iceren bir kisa sinavin yapilmasi

Konu Anlatimi: idealler

Smif-i¢ci Uygulama (5 dk.): Bir keyfi tamsaymin katlar
, kiimesinin bir ideal olup olmadiginin incelenmesi ideal tanim ve &zelliklerinin okunmasi.

Sinif-i¢i Tartisma (5 dk.): Bir kiimeden bir halkaya taniml1 tiim| Kaynak: Ders Kitabi, 16-19.

fonksiyonlar kiimesinden yola ¢ikarak bir ideal elde edebilir miyiz

tartigilmasi

Konu Anlatim: Ideal islemleri ve i¢ direkt toplam

Simif-ici Uygulama (5 dk.): iki idealin toplamimnin da bir ideal

oldugunun gosterilmesi Sonlu iiretilmis ideal, temel ideal, temel

ideal halkasi, iki tarafli ideal kavramlar

4 Smif-ici Tartisma (5 dk.): Tamsayilar halkasinin maksimal konusunun okunmasi. Kaynak: Ders Kitabu,|

ideallerinin tartigilmasi 19-23.

Kisa sinav 2: (idealler).

Kisa Smav 2 (15 dk.): Ders sonunda, derste islenen konulari

iceren bir kisa sinavin yapilmasi

Konu Anlatimi: Homomorfizmalar ve Dorroh genisleme teoremi
5 Smif-i¢ci Uygulama (5 dk.): Herhangi iki halka arasindaj Homomorfizma tanimi ve Ozelliklerini

tanimlanan sifir fonksiyonunun bir homomorfizma oldugunun|
gosterilmesi

okunmasi. Kaynak: Ders Kitabi, 25-28.
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Smmif-ici Tartisma (5 dk.): Tamsayilar halkasindan modiilo n|
tamsayilar halkasina tanimli bir homomorfizma elde edilebilir mi
tartigilmast

Konu Anlatimi: {zomorfizma teoremleri, tamlik bolgeleri ve
cisimler

Sinif-i¢i Uygulama (5 dk.): Bir halkanm her elemanini onun bir|
sinifina esleyen fonksiyon bir homomorfizmadir, gosterilmesi

Ideale gore denklik sinifi ve boliim halkasi
kavramlarmm okunmasi. Kaynak: Ders|
Kitabi, 39-40.

6 Smif-i¢i Tartisma (5 dk.): Yukarida sozii  gegen Cekirdek kavraminin hatlrlanmaSL
N Kisa smav 3: (idealler Y
homomorfizmanin ¢ekirdeginin tartigilmasi
homomorfizmalar).
Kisa Smav 3 (15 dk.): Ders sonunda, derste islenen konulari
iceren bir kisa sinavin yapilmasi
Konu Anlatimi: Maksimal idealler, Zorn Lemma, Krull-Zorn|
lemma, asal ve asalimst idealler Maksimal ideal olma kriterini okunmasi.
Sinif-i¢i Uygulama (5 dk.): Tamsayilar halkasinda bir temel ideal Kaynak: Ders Kitabs, 74.’ ..
7 maksimal ise {iretecin asal oldugunun gosterilmesi Asal ideal ~olma kriterinin - okunmast,
£ & Kaynak: Ders Kitabi, 76.
Sinif-i¢i Tartisma (5 dk.): Tamsayilar halkasinin maksimal
ideallerinin arastirilmast iizerine bir tartigma yapilmasi
8 Smav haftasina kadar islenen konular
|Ara Sinav 1 tiimiiniin gdzden gegirilmesi
Konu Anlatimi: Nil radikal, yar1 asal ideal, ilgili asal ideal,
minimal asal ideal
9 Simif-ici Uygulama (5 dk.): idealin nil radikalinin de bir ideal Asalimsi ideal olma kriterinin okunmasi.
oldugunun gosterilmesi Kaynak: Ders Kitabi, 81.
Siif-i¢ci Tartisma (5 dk.): Asalimsi idealin radikali asal mudir,
tartigilmasi.
Konu Anlatimi: Modiil ve temel 6zellikleri
Sinif-i¢i Uygulama (5 dk.): Her degismeli grubun bir modiil
10 oldugunun gosterilmesi Modiil tanimi ve Orneklerinin okunmasi.
Kaynak: Ders Kitabi, 247-248.
Sinif-i¢i Tartisma (5 dk.): Modiil ile vektoér uzay1 arasindaki
iliskinin belirlenmesi iizerine bir tartigmanin yapilmasi
Konu Anlatimi: Alt modil, bolim modili, modiil
homomorfizmasi
1 csiélllllf-l"cl;g)z;%:l;g;l:iﬂ(.Skf:ll:l):bel\l/il(iceillllllnlg().momorﬁzma51 ile lineer Halka homomorfizmasi kavraminin
usum ar 1 isknt r St hatirlanmasi. Kaynak: Ders Kitabi, 25.
Smif-ici Tartisma (5 dk.): Modiillerin ¢arpimi yapilabilir mi
tartigilmasi
Konu Anlatimi: Serbest modiiller
Smif-ici Uygulama (5 dk.): Bir vektér uzaymim ve asikar
halkanin kendisi tizerinde bir serbest modiil oldugunun ifade]
edilmesi Modiil i¢in ireteg sistemi kavraminin
12 hatirlanmasi. Kaynak: [1], 118.
Siif-i¢i Tartisma (5 dk.): Bir alt kiimesi tarafindan {iretilen bir| Kisa smav 4: (modiil, alt modiil, devirli
imodiilde her eleman tek tiirlii yazilabilir mi, tartigilmasi modiil, modiil homomorfizmalari).
Kisa Smav 4 (15 dk.): Ders sonunda, derste islenen konulari
iceren bir kisa simavin yapilmasi
Konu Anlatimi: Serbest modiil 6zellikleri
Vektéor uzayinda taban  kavramini
13 Smif-ici Uygulama: (5 dk) Bir ideale gore boliim modiilii serbest hatirlanmasi

ise idealin agikar olacaginin gosterilmesi

Sinif-i¢i Tartisma: (5 dk.) Serbest bir modiiliin her iireteg sistemi

Sonlu iiretilmis modiil tanimin okunmasi,
Kaynak: [1], 105.
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bir taban igerir mi, tartisilmasi
Konu Anlatimi: Projektif modiiller
Sinif-ici Uygulama: (5 dk) Kisa tam dizi 6rneklerinin verilmesi
14 1. Kisa tam dizi kavrammin okunmasi|
Simif-ici Tartisma: (5 dk.) Her serbest modiil projektif midir Kaynak: [1], 117.
tartigilmast
Simif-i¢i Uygulama (15 dk.): Programlama dillerinin tanitilmasi 1. Matlab, Maple veya Python dillerini
15 birinde dersin konular1 iizerine yapilacak bi
Sinif-ici Tartisma (5 dk.): Programlama dillerinin bilinmesinin| uygulamanin kodlarinin hazirlanmasi ve
Oneminin tartigilmasi orneklendirilmesi.
16 Final Islenen konularm tiimiiniin tekrar edilmesi
AKTS iSYUKU TABLOSU
71—
Etkinlikler Say1 Siiresi Toplam Isyiikii
(Saat)
Ders Saati H 14 H 3 H 42
Laboratuar H H H
Uygulama (sozlii Sinav) H H H
Arazi Calismasi H H H
Sinif Dis1 Ders Calismasi H 14 H 4 H 56
Derse Ozgii Staj H H H
1 |
Kiiciik Siavlar/Stiidyo Kritigi H 4 H 4 H 16
Projeler H H H
Sunum / Seminer H H H
Ara Sinavlar (Sinav Siiresi + Sinav 1 10 10
Hazirhik Siiresi)
Final (Sinav Siiresi + Sinav
Hazirhk Siiresi) 1 15 15
Toplam I yiikii: H 139
Toplam s yiikii / 30(s): H 4.63
AKTS Kredisi: 5
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CODE

MAT4410

LOCAL CREDIT

3

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

Elective @ Bachelor Programme in Mathematics

COURSE CATEGORY

Core Courses

MODE OF DELIVERY

Face-to-Face
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Department of Mathematics

COURSE COORDINATOR

Giirsel YESILOT
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COURSE OBJECTIVES

This course aims to help students provide with a solid foundation in the theory of rings,
ideals, and modules, thereby preparing students for graduate-level studies in algebra and
related fields.

COURSE CONTENT

This course covers the concept of rings and subrings, integral domains; ideals and
operations on ideals; internal and external direct sums; Dorroh's Embedding Theorem; the
isomorphism theorems; nil rings, nil ideals, and nilpotent ideals. The course also explores
integral domains and fields; rings of fractions and fields of fractions; maximal ideals,
Zorn's Lemma, and the Krull-Zorn Theorem. Advanced topics include prime and primary
ideals, the nilradical, semiprime ideals, associated prime ideals, and minimal prime
ideals. The course concludes with an introduction to module theory, covering the
concepts of modules and submodules, cyclic modules, free modules, and projective
modules.

RECOMMENDED OR REQUIRED
READINGS

Coursebook:

Burton, David. A4 first Course Rings in ideals. Addison-Wesley, 1970.

Required Readings:

[1] Sharp, R. Y. Steps in Commutative Algebra. Cambridge University Press, 1990

[2] Malik, M. S., Mordeson, J. N., Sen, M. K. Fundementals of Abstract Algebra.
McGraw-Hill, 1997.

[3] Balkanay, Erol, Agargiin, A. G6ksel, Nilgiin, Aygédr. Soyut Cebir. cilt 1, YTU Vakfi
Yayinlari, 2000.

[4] Yesilot, Giirsel. Soyut Cebir Coziimlii Problemleri. Nobel Yayinevi, 2012.
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Recommended Readings:
Callialp, Fethi, Tekir, Unsal, Degismeli Halkalar ve Modiiller. Birsen Yayinevi, 2009.

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

1. Define rings with key examples.
Identify integral domains with illustrative examples.

Explain the properties of internal and external direct sums.

Characterize nil rings, nil ideals, and nilpotent ideals.

Course Learning Outcomes Describe the fundamental properties of fields and subfields.
Analyze the properties of maximal ideals.

Construct fields of fractions and rings of fractions.

Define prime and primary ideals and their properties.

Explain the concepts of modules, submodules, and cyclic modules.

. Recognize free and projective modules and provide examples.

EVALUATION SYSTEM

| Activities Number Percentage of Grade

| Attendance/Participation 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. (80-100 minutes).

o  Detailed Assessment Criteria:
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-Demonstration of understanding of the fundamental concepts of th
course.
-Ability to solve problems related to theoretical topics.

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

Format: Face-to-face written exam. (80-100 minutes).
Detailed Assessment Criteria:
-Ability to apply advanced problem-solving skills

-Demonstration of a thorough understanding of all topics
covered in the course.

Percentage of In-Term Studies H

Percentage of Final Examination H

TOTAL H

Related Preparation

Reading on the definition of a ring and its examples.
Source: Coursebook, 1-7.

Reading on the criteria for being a subring. Source:
Coursebook, 8.
Quiz 1: (rings and subrings).

Reading on the definition and properties of ideals.
Source: Coursebook, 16-19.

WEEKS COURSE OUTLINE

Lecture: Definition and properties of rings
Quick Practice (5 minutes): Examining whether a
given algebraic structure with two operations is a ring

1
In-class Discussion (5 minutes): Discussing the role
of the ring concept in mathematics and othe
disciplines
Lecture: Definition and examples of subrings
Quick Practice (5 minutes): Presenting examples of]
subrings

2 In-class Discussion (5 minutes): Discussing whethe
an arbitrary subset of a ring always satisfies the ring
criteria
Quiz 1 (15 minutes): A quiz at the end of the class|
covering the topics discussed.
Lecture: Ideals
Quick Practice (5 minutes): Examining whether the
set of multiples of an arbitrary integer is an ideal

3
In-class Discussion (5 minutes): Discussing whethe
an ideal can be obtained from the set of all functions
from a set to a ring
Lecture: Operations on ideals and internal direct sum
Quick Practice (5 minutes): Showing that the sum of
two ideals is also an ideal

4 In-class Discussion (5 minutes): Discussing the]
maximal ideals of the ring of integers
Quiz 2 (15 minutes): A quiz at the end of the class|
covering the topics discussed.

Reading on finitely generated ideals, principal ideals,
principal ideal rings, and two-sided ideals. Source:
Coursebook, 19-23.

Quiz 2: (ideals).
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Lecture: Homomorphisms and Dorroh's Embeddin
Theorem

Quick Practice (5 minutes): Showing that the zero|
function defined between any two rings is
homomorphism

In-class Discussion (5 minutes): Discussing whether
homomorphism can be defined from the ring o
integers to the ring of integers modulo n

Reading on the definition and properties of
homomorphisms. Source: Coursebook, 25-28.

Lecture: Isomorphism theorems, integral domains, and
fields

Quick Practice (5 minutes): Showing that th
function mapping each element of a ring to its coset is|
la homomorphism

In-class Discussion (5 minutes): Discussing the kernel]
of the aforementioned homomorphism

Quiz 3 (15 minutes): A quiz at the end of the class|
covering the topics discussed

Reading on the concepts of equivalence classes
modulo an ideal and quotient rings. Source:
Coursebook, 39-40.

Review of the concept of a kernel.

Quiz 3: (ideals and homomorphisms).

Lecture: Maximal ideals, Zorn's Lemma, Krull-Zo
Lemma, prime and primary ideals

Quick Practice (5 minutes): Showing that in the rin
of integers, if a principal ideal is maximal, its generato
is prime

In-class Discussion (5 minutes): Discussion o
investigating the maximal ideals of the ring of integers

Reading on the criterion for being a maximal ideal.
Source: Coursebook, 74.
Reading on the criterion for being a prime ideal.
Source: Coursebook, 76.

Midterm

Review of all topics covered up to the exam week.

Lecture: Nilradical, semiprime ideal, associated prim
ideal, minimal prime ideal

Quick Practice (5 minutes): Showing that th
nilradical of an ideal is also an ideal

In-class Discussion (5 minutes): Discussing whethe
the radical of a primary ideal is prime

Reading on the criterion for being a primary ideal.
Source: Coursebook, 81.

10

Lecture: Modules and their basic properties

Quick Practice (5 minutes): Showing that ever
abelian group is a module

In-class Discussion (5 minutes): Discussion to|
determine the relationship between a module and
lvector space

Reading on the definition and examples of modules.
Source: Coursebook, 247-248.

11

Lecture: Submodules, quotient modules, and module
lhomomorphisms

Quick Practice (5 minutes): Determining th
relationship between a module homomorphism and
linear transformation

In-class Discussion (5 minutes): Discussing whether
product of modules can be defined

Review of the concept of a ring homomorphism.
Source: Coursebook, 25.

12

Lecture: Free modules

Quick Practice (5 minutes): Stating that a vecto
space and the trivial ring are free modules ove
themselves

Review of the concept of a generating set for a
module. Source: [1],118.
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In-class Discussion (5 minutes): Discussing whethe
every element in a module generated by a subset can b 2. Quiz 4: (modules, submodules, cyclic modules,
written uniquely module homomorphisms).

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

[Lecture: Properties of free modules

Quick Practice (5 minutes): Showing that if
quotient module by an ideal is free, the ideal must be
13 trivial

—

Review of the concept of a basis in a vector space.
Reading on the definition of a finitely generated
module. Source: [1], 105.

D

In-class Discussion (5 minutes): Discussing whethe
every generating set of a free module contains a basis

Lecture: Projective modules

Quick Practice (5 minutes): Providing examples o

14 short exact sequences 1. Reading on the concept of a short exact sequence.
Source: [1], 117.

In-class Discussion (5 minutes): Discussing whethe

every free module is projective

Quick Practice (15 minutes): Introduction t

ing 1 . .
programming languages 1. Preparation and demonstration of code for an

15 . . . o . application related to the course topics in one of the
In-class Discussion (5 minutes): Discussing th languages: Matlab, Maple, or Python.

importance of knowing programming languages

16 [Final Exam Review of all topics covered in the course.

ECTS WORKLOAD TABLE

Activities Number Duration Total Workload
(Hour)
| e

Course Hours 3 42

Laboratory H 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)

Final (Examination Duration + Examination Prep. Duration)

Total Workload: H

Total Workload / 30(h): 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
iligki 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
1
1
1))

applications.

Pg;-2 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
gecerliligini  farkli  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

19}
I
1
1
)}
I
I
I
I
I

skills.

PC-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 - - - = = = = = = =
iretebileceklerdir. / 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.

PS;-4 Disiplinleraras1  bir

|98]
|98]
1w
1w
193]
[98)
[98)
[98)
|98)
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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 ydOnetim
matematigi, biyomatematik,
veri bilimi ve finansal
istatistik ~ yontemleri  gibi
disiplin-igi ve disiplinlerarasi

uzmanlik alanlarinda
gelistirebileceklerdir. /
Advance  their  acquired

knowledge in mathematics
and mathematical thinking
skills in both disciplinary and
interdisciplinary  areas  of
specialisation such as pure
mathematics, software,
financial and managerial
mathematics, biomathematics,
data science, and financial
statistical methods.

Pg:-6 Matematik alaninda

yaygin olarak kullanilan en az
bir programlama dili ile
bilgisayar ve yapay zeka
teknolojilerini,  problemleri
¢ozmek, veri analizi yapmak
ve simiilasyonlar
gerceklestirmek icin
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 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.

PC-8 Bilimsel | 4 | 4 | 4 | 4 | 4 4 | 4| 444
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aragtirmalarini1  ve  mesleki
faaliyetlerini yiirtitiirken
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.

Pg:-9 Bireysel olarak ya da
takimlarda  etkin  bigimde
calisabileceklerdir. /  Work
effectively both independently
and as part of a team.

1@

1w

1%

1%

1w

1w

1w

1w
1

1

P Q-IO Matematik alaninda

giivenilir bilgi kaynaklarina
ulagarak literatlir ~taramasi
yapabilecek ve akademik
arastirma tasarlayip
yiiriitebileceklerdir. / Access
reliable sources of
information, conduct literature
reviews, and design and carry
out academic research in the
field of mathematics.

1

1

1)

1)

1

1

1

1
1

1

P S ;-1 1 Matematiksel

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