FAKULTE / ENSTITU ADI

DERS BiLGi FORMU

Fen Edebiyat Fakiiltesi

BOLUM / PROGRAM / ANABILIM
DALI ADI

Matematik

DERSIN ADI

Bulanmik Gruplar

DERSIN KODU

MAT3340

YEREL KREDISi

3

AKTS KREDISi

5

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

Temel Meslek Dersleri

DERSIN VERILIS SEKLI

Yiiz Yiize

DERSi SUNAN AKADEMIK BiRiM

Matematik Boliimii

DERSIN KOORDINATORU

Ayten OZKAN

ASISTAN(LAR)

DERSIN AMACI

Bu dersin amaci, grup teorisi kavramlarmin bulanik mantik ¢ergevesinde
genisletilmesi ve belirsizlik iceren cebirsel yapilarin matematiksel analizi konusunda
ogrencilerin yetkinlik kazanmasini saglamaktir.

DERSIN iCERIiGi

Cebirin temel kavramlari; bulanik mantik; bulanik alt kiime; bulanik grup; bulanik alt
grup; bulanik normal alt grup; bulanik koset; bulanik boliim grubu; bulanik gruplarda
homomorfizma; bulanik gruplarda izomorfizma teoremleri; bulanik cebirsel yapilarin
kartezyen c¢arpimlari; bulanik halkalara giris.

DERS KiTABI / MALZEMESI /
ONERILEN KAYNAKLAR

Ders Ogrenim Ciktilar:
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Ders Kitabi:

Mordeson, John N., Bhutani, Kiran R. ve Rosenfeld, Azriel. Fuzzy Group Theory.
Springer, 2005.

Zorunlu Kaynaklar:

[1] Lee, Kwang H. First Course on Fuzzy Theory and Applications. Springer, Berlin
Heidelberg, 2005.

[2] Lovett, Stephen T. Abstract Algebra: A First Course. 2. baski, Chapman and
Hall/CRC, 2022.

Onerilen Kaynaklar:

Syropoulos, Apostolos, Grammenos, Theophanes. 4 Modern Introduction to Fuzzy

Mathematics. John Wiley & Sons, 2020.

Bu dersi basariyla tamamlayan 6grenciler,
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Klasik grup yapilarmi bulanik ortamlarda yeniden tanimlayarak temel
cebirsel iligkileri yorumlayabileceklerdir.

Belirsizlik iceren matematiksel sistemleri uygun analitik araclarla
modelleyerek, ¢6ziimleyebileceklerdir.

Bulanik cebirsel yapilarin temel o&zelliklerini karsilastirarak gegerlilik
kosullarimn1 degerlendirebileceklerdir.

Farkli bulanik grup tiirlerinin yapisal 6zelliklerini analiz ederek uygun
baglamda uygulayabileceklerdir.

Bulanik cebirsel sistemlerin matematiksel temellerini kullanarak pratik
problemlere ¢6ziim iiretebileceklerdir.

DEGERLENDIRME SiSTEMI

| Etkinlikler Say1 Katki Payr

| Devam/Katilim H H

| Laboratuvar H H

| Uygulama H H

| Arazi Cahismasi H ‘ ‘

| Derse Ozgii Staj H H

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

e  Format: Yiiz yiize kisa smnav (15-30 dakika)

o
e Detayh Degerlendirme Kriterleri: 4 720
- Bulanik kiime islemlerinin dogru uygulanmasi ve hesaplanmasi
- Klasik ve bulanik yapilar arasindaki farklarin agik sekilde ifade edilmesi
- Verilen problemde uygun bulanik cebirsel yapinin tanimlanmasi
- Elde edilen sonuglarin bulanik mantik ¢er¢evesinde yorumlanmasi
| Odev | |
| Sunum/Jiiri H H
[ proje | |
‘ Seminer/Workshop H H
Ara Smavlar:
e igerik: Smav haftasina kadar islenen konularin tiimiinii kapsayan kapsamli
sorular
e  Format: Yiiz yiize yazili smav (90 dakika)
e  Detayh Degerlendirme Kriterleri: 1 %40
- Bulanik kiime ve grup tanmimlarmim dogru yapilmasi ve ozelliklerinin
gosterilmesi
- Bulanik alt grup ve normal alt grup yapilarinin ayirt edilmesi
- Bulanik boliim grubu hesaplamalarinin uygulanmasi
- Klasik grup teorisi ile bulanik yapilar arasindaki iligkilerin matematiksel
olarak ifade edilmesi
Final:
e icerik: Dersin tiim igerigini kapsayan kapsamli sorular 1 %40
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e  Format: Yiiz yiize yazili smav (100 dakika)

e Detayh Degerlendirme Kriterleri:

- Bulanik mantik temellerinden hareketle cebirsel yapilarin  dogru
modellenmesi

- Bulanik alt grup, normal alt grup ve béliim grubu yapilarinin ayirt edilmesi

- Bulanik homomorfizma ve izomorfizma teoremlerinin uygulanmasi

- Kartezyen carpim ve bulanik halka kavramlarmm cebirsel baglamda

kullanilmasi
- Klasik ve bulanik yapilar arasindaki gegislerin matematiksel olarak
gosterilmesi
| Dénem ici Cahsmalarin Basari Notuna Katkis: H %60 ‘
| Final Sinavinin Basar1 Notuna Katkisi H %40 ‘
| TOPLAM | %100 |
HAFTALIK KONULAR VE iLGILi ON HAZIRLIK CALISMALARI
HAFTALAR KONULAR On Hazirhk
IKonu Anlatimi: Cebirin temel kavramlar1
Smif-ici Uygulama (10 dk.): Grup, halka ve cisim tanimlarinin 6rnekler .. . e
L gt e . Kiime teorisi konusuna iliskin 6
lizerinden karsilastirilmasi ve bu yapilarin temel 6zelliklerinin gdsterilmesi U
1 bilgilerin hatirlanmasi Vel
Sinif-i¢i Tartisma (15 dk.): Cebirsel yapilarin giinliik matematikte neden| ctkinlestirilmesi. Kaynak: [2], Ek-2,
. - . . - 505-511.
gerekli oldugu ve farkli yapilarin hangi matematiksel problemlere ¢dziim
sundugu tizerine degerlendirme yapilmasi
IKonu Anlatimi: Bulanik mantik
Sinif-i¢i Uygulama (15 dk.): Klasik mantik ile bulanik mantik arasindaki Klas.lk .mantlk konusuna iliskin &n
N . . R . bilgilerin hatirlanmasi Vel
farklarin 6rnekler tizerinden gosterilmesi ve iiyelik fonksiyonlarinimn temel > .. . .
e . . etkinlestirilmesi. Kaynak: [1], 193-
2 6zelliklerinin incelenmesi 200
Smif-i¢i Tartisma (20 dk.): Kesin dogru-yanlis ayrimmin olmadigy B}ﬂfimk .mantlk konusunu 1.geren
. . . - boéliimlerin okunmasi. Kaynak: Ders|
durumlarin matematiksel modellemede neden 6nemli oldugu ve bulanik .
. AR Kitabu, [1], 201-212.
lyaklagimin hangi alanlarda avantaj sagladig lizerine tartigilmasi
IKonu Anlatimi: Bulanik alt kiime
Sinif-i¢i Uygulama (15 dk): Klasik alt kiime tanimlariin bulanik ortama| Klasik alt kiime konusuna iligskin 6n
genisletilmesi ve iyelik fonksiyonlari iizerinden bulanik alt kiime bilgilerin hatirlanmasi Vel
3 6zelliklerinin gosterilmesi etkinlestirilmesi. Kaynak: [1], 1-7.
Bulanik alt kiime konusunu igeren
Smif-ici Tartisma (15 dk.): Bulanik alt kiimelerin klasik alt kiimelerden boliimlerin okunmasi. Kaynak: Ders
hangi durumlarda daha esnek ¢oziimler sundugu ve bu esnekligin Kitabi, 1-5.
matematiksel analizdeki rolii {izerine degerlendirme yapilmasi
Konu Anlatimi: Bulanik grup
Simif-i¢i Uygulama (20 dk): Klasik grup aksiyomlarmmn bulanik ortamda Kla§ ik grup fant mt ve  grp
. < . . T aksiyomlarina iliskin on bilgilerin
nasil yeniden tanimlandiginin incelenmesi ve bulanik grup 6zelliklerinin| . L .
N . . S . hatirlanmast  ve etkinlestirilmesi.
4 Ornekler iizerinden gosterilmesi Kaynak: [2], 11-27
- . . . Bulanik grup konusunu igere
Slnlf.-lcl Tarthlsma s dlf.). Bulamk grup yapisinin klaglk nglara gore boliimlerin okunmas:, Kaynak: Ders
hangi avantajlart sundugu ve belirsizlik iceren cebirsel sistemlerin .
. PR Kitabi, 5-6.
imodellemede neden gerekli oldugu iizerine tartigilmast
Klasik alt grup tanimi ve alt grup
Konu Anlatimi: Bulanik alt grup testine  iliskin  6n  bilgilerin|
hatirlanmas1  ve etkinlestirilmesi.
5 Smif-ici Uygulama (20 dk.): Bulanik grup icindeki bulanik alt grup Kaynak: [2], 47-53.
lyapilarinin tanimlanmasi ve alt grup kosullarmnin bulanik ortamda nasil Bulanik alt grup tanimi ve temel
saglandiginin drnekler {izerinden incelenmesi Ozelliklerine  konularint  igere
boliimlerin okunmasi. Kaynak: Ders
Kitabi, 6-8.
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Simif-ici Tartisma (10 dk.): Bulanik alt gruplarmn klasik alt gruplara gore
daha esnek yapilar sunmasmin cebirsel analizde hangi durumlari
kolaylastirdig1 iizerine degerlendirme yapilmasi

Kisa Siav 1 (15-30 dk.): Ders sonunda, derste 6nceki haftalarda islenmis|
lkonulara yonelik kisa sinavin yapilmasi

Kisa Smav 1: (bulanik mantik;
bulanik alt kiime; bulanik grup)
Kaynak: Ders Kitabi, 1-8.

IKonu Anlatimi: Bulanik normal alt grup

Smif-i¢i Uygulama (25 dk.): Bulanik normal alt grup kosullarinin|
incelenmesi ve konjugasyon isleminin bulanik ortamda nasil
tanimlandiginin 6rnekler tizerinden gosterilmesi

Simif-ici Tartisma (15 dk.): Normal alt grup 6zelliginin bulanik yapilarda
hangi anlamlar1 tasidigt ve bu yapinin boliim grup olusturmadaki rolii
izerine degerlendirme yapilmasi

Klasik normal alt grup tanimi ve|
konjugasyon kavramina iligkin 6
bilgilerin hatirlanmasti Vel
etkinlestirilmesi. Kaynak: [2], 145-
153.

Bulanik normal alt grup konusunuy|
igeren  boOlimlerin  okunmasi.
Kaynak: Ders Kitabi, 9-12.

IKonu Anlatimi: Bulanik koset

Sinif-i¢i Uygulama (20 dk.): Bulanik alt gruplar kullanilarak bulanik koset]
lyapilarinin olusturulmasi ve koset zelliklerinin bulanik ortamda nasil
genisletildiginin drnekler tizerinden incelenmesi

Sinif-i¢i Tartisma (15 dk.): Bulanik kosetlerin klasik kosetlere gore dahal
esnek smiflandirma imkanlar1 sunmasmin grup analizindeki faydalari
lizerine degerlendirme yapilmasi

IKisa Sinav 2 (15-30 dk.): Ders sonunda, derste dnceki haftalarda islenmis|
konulara yonelik kisa sinavin yapilmast

Klasik koset tanimi ve koset]
oOzelliklerine iligkin 6n bilgilerin
hatirlanmas1 ve etkinlestirilmesi.
Kaynak: [2], 132-140.

Bulanik koset konusunu igeren
boéliimlerin okunmasi. Kaynak: Ders
Kitabi, 12-13.

Kisa Smav 2: (bulanik mantik;
bulanik alt kiime; bulanik grup;
bulanik alt grup; bulanik normal al
grup) Kaynak: Ders Kitabi, 1-12.

|Ara Smav 1

Sinav haftasina kadar islenen konularin

tlimiiniin tekrar edilmesi

IKonu Anlatimi: Bulanik bolim grubu

Sinif-i¢i Uygulama (25 dk.): Bulanik normal alt grup kullanilarak bulanik
boliim grubu yapisinin olusturulmasi ve bu yapimin grup 6zelliklerini nasi
korudugunun incelenmesi

Smif-i¢i Tartisma (10 dk.): Bulanik bolim gruplariin klasik boliim|
gruplarma gore hangi ek esneklikleri sundugu ve belirsizlik igeren
sistemlerde bu yapinin énemi iizerine tartisilmast

Klasik bolim grubu kavramm:

iliskin 6n bilgilerin hatirlanmas1 ve
etkinlestirilmesi. Kaynak: [2], 155-
159.

Bulanik bolim grubu konusun

igeren boéliimlerin okunmasi.
Kaynak: Ders Kitabi, 13-14.

10

IKonu Anlatimi: Bulanik gruplarda homomorfizma

Sinif-i¢i Uygulama (25 dk.): Klasik homomorfizma tanimimnin bulanik]
gruplara genigletilmesi ve bulanik homomorfizma kosullarmin &rnekler|
lizerinden gosterilmesi

Simif-ici Tartisma (10 dk.): Bulamk homomorfizmanin klasik]
lhomomorfizmaya goére hangi ek Ozellikleri tasidigi ve yapir korumanin|
bulanik ortamda nasil saglandig lizerine degerlendirme yapilmast

Klasik grup homomorfizmasi tanimi
ve Ozelliklerine iligkin 6n bilgilerin
hatirlanmas1  ve etkinlestirilmesi.
Kaynak: [2], 68-71.

Bulanik homomorfizma konusunu
igeren boéliimlerin okunmasi.
Kaynak: Ders Kitabi, 15-18.

IKonu Anlatimi: Bulanik gruplarda homomorfizma

Smif-i¢i Uygulama (30 dk.): Bulanik homomorfizma &zelliklerinin detayli
incelenmesi ve bu yapilarin g¢ekirdek ve goriintii kiimelerinin bulanik]
ortamda nasil davrandiginin analiz edilmesi

Simif-i¢i Tartisma (15 dk.): Bulanik homomorfizmalarin grup teorisindeki
temel teoremleri nasil genislettigi ve bu genisletmelerin matematiksel
analizdeki 6nemi tizerine tartigilmasi

Kisa Smav 3 (15-30 dk.): Ters yiiz edilmis 6grenme (flipped learning)
lyontemi cercevesinde, ders sonunda, derste Onceki haftalarda islenmis|
konulara yonelik kisa sinavin yapilmast

Homomorfizmalarda ¢ekirdek ve
gOriintii  kavramlarma iligkin 6
bilgilerin hatirlanmasi Vel
etkinlestirilmesi. Kaynak: [2], 71-
78.

Bulanik homomorfizmalard
cekirdek ve gorlintii  kiimesi
konusunu igeren boliimlerin
okunmasi. Kaynak: Ders Kitabi, 44-
52.

Kisa Smmav 3: (bulanik alt kiime;
bulanik grup; bulanik alt grup;
bulanik normal alt grup; bulam
koset; bulanik bolim  grubu)
Kaynak: Ders Kitabi, 1-14.

12

Konu Anlatimi: Bulanik gruplarda izomorfizma teoremleri

Klasik izomorfizma teoremleri ve
ispatlarina _iliskin 6n  bilgilerin|
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Simif-ici Uygulama (30 dk.): Klasik izomorfizma teoremlerinin bulanik
gruplara uyarlanmasi ve bulanik ortamda temel izomorfizma teoremlerinin
nasil islediginin 6rnekler {izerinden incelenmesi

Sinif-i¢i Tartisma (15 dk.): Bulanik izomorfizma teoremlerinin klasik|
teoremlere gore hangi yeni yaklasimlar sundugu ve belirsizlik igeren|
iyapilarda denklik kavraminin nasil genisledigi iizerine degerlendirme
lyapilmast

hatirlanmas1 ve etkinlestirilmesi.
Kaynak: [2], 166-172.

Bulanik  gruplarda izomorfizma
teoremleri kavrami konusunu igere

boliimlerin okunmasi. Kaynak: Ders|
Kitabi, 18-20.

13

Konu Anlatimi: Bulanik cebirsel yapilarin kartezyen garpimlari

Simif-ici Uygulama (25 dk.): Bulanik gruplarin kartezyen ¢arpiminin nasil
olusturuldugunun incelenmesi ve temel yapisal 6zelliklerin gosterilmesi

Smmif-ici Tartisma (15 dk.): Bulanik cebirsel yapilarin kartezyen
carpimlarmin tek yapilara goére hangi avantajlari sundugu iizerine
degerlendirme yapilmast

Klasik kartezyen carpim tanimi vej
ozelliklerine iligkin 6n bilgilerin|
hatirlanmas1 ve etkinlestirilmesi.
Kaynak: [2], 120-124.

Bulanik cebirsel yapilarin kartezyen|
carpimlart konusunu icere
boliimlerin okunmasi. Kaynak: Ders|
Kitabi, 20-25.

14

IKonu Anlatimi: Bulanik cebirsel yapilarin kartezyen ¢arpimlari

Smif-ici Uygulama (20 dk.): Bulanik alt gruplarm ve normal alt gruplarin
kartezyen c¢arpimlarinin detayli analizi ve bu yapilarin homomorfizma
6zelliklerinin incelenmesi

Smif-ici Tartisma (10 dk.): Kartezyen c¢arpim yapilarinin karmasik
bulanik sistemlerin modellemesindeki rolii ve pratik uygulamalardaki
Onemi iizerine tartisilmasi

IKisa Sinav 4 (15-30 dk.): Ders sonunda, derste dnceki haftalarda iglenmis|
konulara yonelik kisa sinavin yapilmasi

Bulanik alt gruplarin ve normal alf]
gruplarin  kartezyen  ¢arpimlari
konularmi iceren  boliimlerin|
okunmasi. Kaynak: Ders Kitabi, 26-
31.

Kisa Simav 4: (bulanik alt kiime;
bulanik grup; bulanik alt grup;
bulanik normal alt grup; bulam
koset; bulanik boliim grubu; bulam
homomorfizma) Kaynak: Ders
Kitab, 1-20; 44-52.

15

IKonu Anlatimi: Bulanik halkalara giris

Smif-i¢ci Uygulama (20 dk.): Klasik halka yapismnimn bulanik ortamal
genisletilmesi ve bulanik halka aksiyomlarmin grup yapisindan farkls
6zelliklerinin 6rnekler lizerinden incelenmesi

Smif-i¢i Tartisma (15 dk.): Diger cebirsel yapilarin bulanik olarak
genislemesinin tartigilmasi

Klasik halka tanimi ve halka
aksiyomlarina iliskin 6n bilgilerin
hatirlanmasi  ve etkinlestirilmesi.
Kaynak: [2], 189-200.

16

IFinal

Islenen konularm tiimiiniin tekrar edilmesi

AKTS iSYUKU TABLOSU

Etkinlikler

Siiresi (Saat)

Toplam s yiikii

Ders Saati

42

Laboratuvar

Uygulama

Arazi Calismasi

Sinif Dis1 Ders Calismasi

Derse Ozgii Staj

Odev

Kiiciik Sinavlar / Stiidyo Kritigi

Projeler

Sunum / Seminer

Ara Smavlar (Sinav Siiresi + Sinav Hazirhk Siiresi)
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Final (Sinav Siiresi + Sinav Hazirhik Siiresi)

Toplam i yiikii: “

Toplam s 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

Fuzzy Groups

CODE

MAT3340

LOCAL CREDIT

3

5

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

Core Courses

MODE OF DELIVERY

Face-to-Face

OWNER ACADEMIC UNIT

Department of Mathematics

COURSE COORDINATOR

Ayten OZKAN

ASSISTANT(S)

COURSE OBJECTIVES

This course aims to help students extend the concepts of group theory within the
framework of fuzzy logic and to enable to gain proficiency in the mathematical
analysis of algebraic structures involving uncertainty.

COURSE CONTENT

Basic concepts of algebra; fuzzy logic; fuzzy subset; fuzzy group; fuzzy subgroup;
fuzzy normal subgroup; fuzzy coset; fuzzy quotient group; homomorphisms in fuzzy
groups; isomorphism theorems in fuzzy groups; cartesian products of fuzzy algebraic
structures; introduction to fuzzy rings.

RECOMMENDED OR REQUIRED
READINGS

Coursebook:

Mordeson, John N., Bhutani, Kiran R. ve Rosenfeld, Azriel. Fuzzy Group Theory.
Springer, 2005.

Required Readings:

[1] Lee, Kwang H. First Course on Fuzzy Theory and Applications. Springer, Berlin
Heidelberg, 2005.

[2] Lovett, Stephen T. Abstract Algebra: A First Course. 2nd ed., Chapman and
Hall/CRC, 2022.

Recommended Readings:

Syropoulos, Apostolos, Grammenos, Theophanes. A Modern Introduction to Fuzzy

Mathematics. John Wiley & Sons, 2020.

Course Learning Outcomes Upon successful completion of the course, students will be able to
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Redefine classical group structures in fuzzy environments to interpret
fundamental algebraic relationships.

Solve mathematical systems under uncertainty by modeling them with
appropriate analytical tools.

Evaluate validity conditions by comparing the fundamental properties of
fuzzy algebraic structures.

Apply the structural properties of different fuzzy group types in the
appropriate context by analyzing them.

Produce solutions to practical problems using the mathematical foundations
of fuzzy algebraic systems.

EVALUATION SYSTEM

| Activities Number Percentage of Grade

| Attendance/Participation H H

| Laboratory H H

| Application H ‘ ‘

| Field Work H ‘ ‘

| Special Course Internship (Work Placement) H H

Quizzes/Studio Critics:
e  Content: Comprehensive questions covering all topics up to the exam week

e  Format: Face-to-face quiz (15-30 minutes)

e  Detailed Assessment Criteria: 4 %20

- Correct implementation and calculation of fuzzy set operations

- Clear expression of the differences between classical and fuzzy structures

- Definition of the appropriate fuzzy algebraic structure for the given problem
- Interpretation of the results obtained within the framework of fuzzy logic

‘ Homework Assignments H H

‘ Presentations/Jury H H

| Project H H

| Seminar/Workshop H H

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

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

e  Detailed Assessment Criteria: 1 %40
(4

- Correctly defining fuzzy sets and groups and demonstrating their properties

- Discrimination between fuzzy subgroups and normal subgroups

- Application of fuzzy quotient group calculations

- Mathematical expression of the relationships between classical group theory
and fuzzy structures

e  Content: Comprehensive questions covering all topics

e  Format: Face-to-face written exam (100 minutes)

e  Detailed Assessment Criteria:
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- Discrimination between fuzzy subgroups, normal subgroups, and quotient

group structures

- Correct modeling of algebraic structures based on fuzzy logic fundamentals

- Implementation of fuzzy homomorphism and isomorphism theorems 1 %40

- Usage of cartesian product and fuzzy ring concepts in an algebraic context

- Mathematical demonstration of transitions between classical and fuzzy

structures

| Percentage of In-Term Studies H %60
| Percentage of Final Examination H %40
| TOTAL H %100

WEEKS

COURSE OUTLINE

ILecture: Basic concepts of algebra

Practice (10 minutes): Comparison of group, ring, and field definitions|
through examples and demonstration of the basic properties of these
structures

In-Class Discussion (15 minutes): Discussion on evaluation of why|
algebraic structures are necessary in everyday mathematics and which|
imathematical problems different structures provide solutions for

Recollection and activation of prio
knowledge on set theory. Source:
[2], Appendix-2, 505-511.

ILecture: Fuzzy logic

Practice (15 minutes): Demonstration of the differences between classical
logic and fuzzy logic through examples and examination of the basic
properties of membership functions

In-Class Discussion (20 minutes): Discussion on why situations without a
clear right-wrong distinction are important in mathematical modeling and
in which areas the fuzzy approach provides advantages

Recollection and activation of prio
knowledge on classical logic.
Source: [1], 193-200.

Reading the sections on fuzzy logic.
Source: Coursebook, [1], 201-212.

ILecture: Fuzzy subset

Practice (15 minutes): Extension of classical subset definitions to fuzzy
environments and demonstration of fuzzy subset properties through
imembership functions

IIn-Class Discussion (15 minutes): Discussion on evaluation of when|
fuzzy subsets offer more flexible solutions than classical subsets and the]
role of this flexibility in mathematical analysis

Recollection and activation of prio
knowledge on classical subsets.
Source: [1], 1-7.

Reading the sections on fuzz

subsets. Source: Coursebook, 1-5.

Lecture: Fuzzy group

Practice (20 minutes): Examination of how classical group axioms are
redefined in fuzzy environments and demonstration of fuzzy group,
properties through examples

In-Class Discussion (15 minutes): Discussion on the advantages of fuzzy|
group structures over classical groups and why they are necessary in
imodeling algebraic systems involving uncertainty

Recollection and activation of prio
knowledge on classical group
definition and group axioms.
Source: [2], 11-27.

Reading the sections on fuzzy|

groups. Source: Coursebook, 5-6.

Lecture: Fuzzy subgroup

Practice (20 minutes): Identification of fuzzy subgroup structures within
fuzzy groups and examination of examples illustrating how subgroup
conditions are met in the fuzzy environment

In-Class Discussion (10 minutes): Discussion on evaluation of how fuzzy
subgroups offer more flexible structures than classical subgroups, and

facilitate certain situations in algebraic analysis

Quiz 1 (15-30 minutes): A quiz on topics covered in previous weeks at the

WEEKLY SUBJECTS AND RELATED PREPARATION STUDIES
Related Preparation

end of the lesson

Recollection and activation of prio
knowledge on classical subgroup
definition and subgroup test.
Source: [2], 47-53.

Reading the sections on fuzzy|
subset  definition and  basic
properties. Source: Coursebook, 6-
8.

Quiz 1: (fuzzy logic; fuzzy subset;
fuzzy group) Source: Coursebook,
1-8.
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Lecture: Fuzzy normal subgroup

Practice (25 minutes): Examination of fuzzy normal subgroup conditions|
and demonstration of how the conjugation process is defined in the fuzzy|
environment through examples

In-Class Discussion (15 minutes): Discussion on evaluation of the
imeanings of the normal subgroup property in fuzzy structures and the role
of this structure in forming quotient groups

Recollection and activation of prio
knowledge on the definition o
classical normal subgroups and the
concept of conjugation. Source: [2],
145-153.

Reading the sections on fuzz
normal subgroups. Source:
Coursebook, 9-12.

ILecture: Fuzzy coset

Practice (20 minutes): Construction of fuzzy coset structures using fuzzy|
subgroups and examples of how to extend coset properties in the fuzzy
environment

In-Class Discussion (15 minutes): Discussion on evaluation of the
benefits of fuzzy cosets in group analysis, as they offer more flexible
classification possibilities than classical cosets

Quiz 2 (15-30 minutes): A quiz on topics covered in previous weeks at the|
end of the lesson

Recollection and activation of prio

knowledge on the definition o

classical coset and coset properties.
Source: [2], 132-140.

Reading the sections on fuzz

cosets. Source: Coursebook, 12-13.
Quiz 2: (fuzzy logic; fuzzy subset;
fuzzy group; fuzzy subgroup; fuzzy
normal subgroup) Source:
Coursebook, 1-12.

Midterm 1

IReview of all topics covered up to the exam

ILecture: Fuzzy quotient group

Practice (25 minutes): Construction of the fuzzy quotient group structure]
using fuzzy normal subgroups and examination of how this structure
preserves group properties

In-Class Discussion (10 minutes): Discussion on the additional flexibility|
offered by fuzzy quotient groups compared to classical quotient groups and|
the importance of this structure in systems involving uncertainty

Recollection and activation of prio
knowledge on the classical quotien
group. Source: [2], 155-159.
Reading the sections on fuzz
quotient group. Source:
Coursebook, 13-14.

ILecture: Homomorphisms in fuzzy groups

Practice (25 minutes): Extension of the classical definition of
homomorphism to fuzzy groups and demonstration of fuzzy|
lhomomorphism conditions using examples

In-Class Discussion (10 minutes): Discussion on evaluation of the
additional properties of fuzzy homomorphism compared to classical
lhomomorphism, and how structure preservation is achieved in the fuzzy
environment

Recollection and activation of prio
knowledge on the definition an
properties of classical group
homomorphisms. Source: [2], 68-
71.

Reading the sections on fuzz
homomorphisms. Source:
Coursebook, 15-18.

ILecture: Homomorphisms in fuzzy groups

Practice (30 minutes): Detailed examination of the properties of fuzzy|
lhomomorphisms and analysis of how the kernel and image sets of these
structures behave in the fuzzy environment

In-Class Discussion (15 minutes): Discussion on how fuzzy
homomorphisms extend fundamental theorems in group theory and the
importance of these extensions in mathematical analysis

Quiz 3 (15-30 minutes): A quiz on topics covered in previous weeks at the]
end of the lesson

Recollection and activation of prio

knowledge on kernel and image]
concepts in  homomorphisms.
Source: [2], 71-78.

Reading the sections on kernel an

image set in fuzzy homomorphisms.
Source: Coursebook, 44-52.

Quiz 3: (fuzzy subset; fuzzy group;
fuzzy subgroup; fuzzy normal
subgroup; fuzzy coset; fuzzy
quotient group) Source:
Coursebook, 1-14.

Lecture: Isomorphism theorems in fuzzy groups

Practice (30 minutes): Adaptation of classical isomorphism theorems to
fuzzy groups and examples of how basic isomorphism theorems work in|
the fuzzy environment

In-Class Discussion (15 minutes): Discussion on evaluation on which new|
approaches fuzzy isomorphism theorems offer compared to classical

theorems, and how the notion of equivalence is extended to structures|

involving uncertainty

Recollection and activation of prio
knowledge on classical
isomorphism theorems and proofs.
Source: [2], 166-172.

Reading the sections on|
isomorphism theorems in fuzzy
groups. Source: Coursebook, 18-20.
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Lecture: Cartesian products of fuzzy algebraic structures Recollection and activation of prio
Practice (25 minutes): Examination of how the cartesian product of fuzzy k?ﬁti:igseo fo gleﬂ;leas(sl{ccf;incugrlle;zg
igroups is constructed and demonstration of basic structural properties prob ;
13 prodqct. Source: [_2], 120-124. .
In-Class Discussion (15 minutes): Discussion on assessment of the Reading the sections on Cartes1a.
. . . products of fuzzy algebraic
advantages of cartesian products of fuzzy algebraic structures over single
tructures structures. Source: Coursebook, 20-
25.
ILecture: Cartesian products of fuzzy algebraic structures
Practice (20 minutes): Detailed analysis of the cartesian products of fuzzy Reading the sections on Cartesia
. . products of fuzzy subgroups and
subgroups and normal subgroups, and homomorphism properties of these
tructures normal subgroups. Source:
Coursebook, 26-31.
14 In-Class Discussion (10 minutes): Discussion on the role of cartesian| gg;z 4:5(3;23511,})56;2&}/ Iﬁfﬁiﬁi
product structures in modeling complex fuzzy systems and their importance sub };ou . & fuzrz)’ cosZt' fuzz
in practical applications group; Y ’ Y
quotient group; fuzzy|
. . . . . . . homomorphism) Source:
gll:ilz géllesl-gs(; 0mnlnutes). A quiz on topics covered in previous weeks at the| Coursebook, 1-20; 44-52.
ILecture: Introduction to fuzzy rings
Practice (20 minutes): Extension of the classical ring structure to the fuzzy| Recollection and activation of brio
environment and examination of the properties of fuzzy ring axioms Kknowledee on the classical prin
15 different from group structure through examples ecs . . 5
definition and ring axioms. Source:
In-Class Discussion (15 minutes): Discussion of fuzzy extensions of other (2], 189-200.
lalgebraic structures
16 IFinal Review of all topics covered

ECTS WORKLOAD TABLE

Activities Number Duration (Hour) Total Workload

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) H 20

Final (Examination Duration + Examination Prep. Duration) H 25

Total Workload: H

Total Workload / 30(h): H

ECTS Credit:
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Ders Odrenim Ciktis1 & Program Ciktis1 Matrisi

P Q-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 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
applications.

1
1
I~
1
1

Pg;-z Matematik alanindaki teorik ve uygulamali bilgilerini ve matematiksel
diistinme becerilerini kullanarak standart ve karmasik 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 skills.

[N
19)]
&
I~
&

P g-3 Matematik alanindaki teorik ve uygulamali bilgilerini ve matematiksel
diisiinme becerilerini kullanarak gercek hayattaki problemlerin matematiksel
modellerini gelistirebilecek ve bu modelleri kullanarak problemlere gecerli ¢oziimler
uretebileceklerdir. / 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.

P g-4 Disiplinler arasi bir yaklasimla, farkli alanlarda edinmis olduklart bilgileri
sentezleyebileceklerdir. / Synthesis 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-igi ve
disiplinleraras1 uzmanlik alanlarinda gelistirebileceklerdir. / Advance their acquired
knowledge in mathematics and mathematical thinking skills in both disciplinary and
interdisciplinary areas of specialisation such as pure mathematics, software, financial
and managerial mathematics, biomathematics, data science, and financial statistical
methods.

|98)
N
19
|98]
19

P g-6 Matematik alaninda yaygin olarak kullanilan en az bir programlama dili ile
bilgisayar ve yapay zeka teknolojilerini, problemleri ¢6zmek, veri analizi yapmak ve
simiilasyonlar gergeklestirmek 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.

P g;-7 Matematik ve ilgili alanlardaki bilimsel ve teknolojik gelismeleri
izleyebilecek, kariyer firsatlarini degerlendirerek kisisel ve mesleki gelisim
hedeflerini belirleyebilecek ve bu hedeflere ulagsmak i¢in 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.

Pg‘-8 Bilimsel arastirmalarini ve mesleki faaliyetlerini yiiriitiirken dogabilecek
hukuksal sonuglari ve toplumsal etkileri dikkate alarak mesleki etik ilkeler, kalite
standartlart 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 bi¢imde ¢alisabileceklerdir. / Work
effectively both independently and as part of a team. - - - - -
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P Q-l 0 Matematik alaninda giivenilir bilgi kaynaklarina ulasarak literatiir 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.

P g-ll Matematiksel konulari, teorileri, ispatlari, arastirmalart ve problem
¢Oziimlerini, matematik terminolojisi kullanarak tiim paydaslara Tirk¢e ve
Ingilizcede sozlii ve yazili olarak etkili bicimde aktarabileceklerdir. / Effectively
communicate mathematical topics, theories, proofs, research, and problem solutions
to all relevant stakeholders using appropriate mathematical terminology, both orally
and in writing, in Turkish and in English.
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