FAKULTE / ENSTIiTU ADI

DERS BiLGi FORMU

Fen Edebiyat Fakiiltesi

BOLUM / PROGRAM /
ANABILIiM DALI ADI

Matematik

DERSIN ADI

Optimizasyon Teknikleri

DERSIN KODU

MAT4280

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
Secmeli @ Fizik Lisans Program (%30 Ingilizce)

DERSIN KATEGORISI

Temel Meslek Dersleri

DERSIN VERILIS SEKLIi

Yiiz Yiize

DERSi SUNAN AKADEMIK
BiRiM

Matematik Boliimii

DERSIN KOORDINATORU

Sema AKIN BAS

ASISTAN(LAR)

DERSIN AMACI

Bu dersin amaci, 6grencilere matematiksel optimizasyon, 6zellikle de dogrusal olmayan
fonksiyonlar hakkinda temel bilgileri kazanmaktir. Ders ayn1 zamanda, dgrencilerin optimal
karar vermeyi saglayan matematik modellerini kurarak ger¢ek hayatta karsilagilan uygulama
alanlarinin taninmast ve ¢oziim yontemlerinin bu alanlara uygulanmasi becerilerini
kazandirmay1 amaglamaktadir.

DERSIN iCERiGi

Girig ve temel kavramlar; kisitsiz optimizasyon; kisitsiz optimizasyonda analitik ¢6ziim;
sayisal yontemler ve algoritmalar; kisitli optimizasyon; esitlik kisitlari altinda optimizasyon,
esitlik ve esitsizlik kisitlar1 altinda optimizasyon, 6zel kisitlar altinda optimizasyon.

DERS KiTABI / MALZEMESI /

ONERILEN KAYNAKLAR

Ders Kitabi:

[1] Bhatti, M. Asghar. Practical Optimization Methods: With Mathematica Applications.
Springer Science & Business Media, 2000.

[2] Chong, Edwin K. P., Zak, Stanislav H. An Introduction to Optimization. John Wiley &
Sons., 2013.

[3] Fletcher, Roger. Practical Methods of Optimization. 2. baski, John-Wiley and Sons Ltd.,
Chichester, New York, 1987.

Onerilen Kaynaklar:

Carmichael, David G. Structural Modelling And Optimization: A General Methodology For
Engineering And Control. 1981.
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Wismer, David A., Chattergy, Rahul. Introduction to nonlinear optimization: a problem

solving approach. New York: North-Holland, 1978.
Bu dersi basartyla tamamlayan 6grenciler,
Gergek hayat problemlerinde optimal karar vermek i¢in model kurabileceklerdir.

Matematiksel optimizasyon hakkinda temel bilgilere hakim olabileceklerdir.

Ders Ogrenim Ciktilar:

Iteratif yontemleri kullanabileceklerdir.
Matematiksel modelleri ¢dzebileceklerdir.

Ogrendikleri modelleri ve yontemleri uygulayabileceklerdir.

DEGERLENDIRME SiSTEMI

| Etkinlikler Say1 Katki Payr

‘ Devam/Katihim

| Laboratuvar H H

| Uygulama H H

| Arazi Calismasi H H

Derse Ozgii Staj

| Kisa Sinavlar/Stiidyo Kritigi H

Odev:
e  icerik: Derste islenen temel kavramlarin elestirel bigimde
yorumlanmasini ve ilgili kavramlarin disiplin-i¢i ve disiplinler arast
alanlarda 6rneklerinin bulunmasini igeren 6devlerin verilmesi

e Format: Yazili raporlar ve grup sunumlari

e Detayh Degerlendirme Kriterleri: 4 %20

- Bir problemin ¢6ziim siirecini mantikli ve dogru bir sekilde
yazabilme

- Kavramlarm uygulamadaki 6rneklerini bulabilme

- Uygulamali diigiinebilme, yorumlama ve gerek¢elendirme
stireclerinin yiiriitiilebilmesi

‘ Sunum/Jiiri H H

[proje | |

‘ Seminer/Workshop H H

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

e Format: Yiiz yiize. Sinav (70-90 dakika)

1 %40
e Detayh Degerlendirme Kriterleri:
-Dersin temel kavramlarinin anlasildiginin gosterilmesi
-Teorik konularla ilgili problemlerin ¢dziilebilmesi
-Teorik diisiinme siireclerinin yiiriitiilmesi
Final:
e cerik: Dersin tiim icerigini kapsayan kapsamli sorular 1 %40
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e Format: Yiiz yiize. Sinav (70-90 dakika)
e  Detayh Degerlendirme Kriterleri:
-Derste islenen tiim konularin derinlemesine kavranmig
oldugunun gosterilmesi
-ileri diizey problem ¢dzme becerilerinin kullanilabilmesi
| 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: Giris, temel kavramlar
S"}lf-lcl Uygu!ama (10 dk.): Optimizasyon, vekior uzayt, hnee_r Optimizasyonun tarihgesi konularini iceren|
bagimsizlik gibi temel kavramlarin tanimlarma iliskin basit] s . .
1 smekleme vaptirlmast bolimlerin okunmasi. Matematiksel arka
yap planin hatirlanmasi. Kaynaklar: Ders kitabi
Smmf-i¢ci Tartisma (5 dk.): “Optimizasyon hangi alanlarda 2, 3-19. Ders Kitabi, 3-11.
lhayatimizi kolaylastirir?” sorusu iizerine tartisiimast
Gradient hesaplama, Hessian matris
IKonu Anlatimi: Gradient, Hessian matris, bir matrisin definitligi hesaplama, matrisin definitligi konularinj
2 iceren boliimlerin okunmasi. Kaynaklar:
Simif-i¢i Uygulama (10 dk.): Ornek bir fonksiyonun gradient ve Ders Kitabr 2, 60-64. Ders Kitab1 3, 6-11
Hessian’inin hesaplanmasi, definitliginin kontroliiniin yapilmast Ders Kitabi 2, 26-37.
IKonu Anlatimi: Fonksiyonlarin konveksligi
Simif-i¢i Uygulama (15 dk.): Farkli fonksiyonlarm konveks olup|
3 olmadiginin incelenmesi Konveks fonksiyonlart igeren bdoliimiin
Smif-ici Tartisma (5 dk.): “Konveks fonksiyonlarim| okunmast. Kaynak: Ders Kitabt 1, 126-143.
optimizasyondaki avantaji nedir?” sorusu {iizerine bir tartigmal
lyapilmasi
IKonu Anlatimi: Kisitsiz optimizasyon: yerel ve global minimum,
ilerlenebilir yonler kiimesi, yerel minimum i¢in gerek ve yeter Fonksiyonlarda yerel ve global minimum,
sartlar ilerlenebilir yonler kiimesi, yerel minimu
4 icin gerek ve yeter sartlar konularimi igeren
Smif-i¢i Uygulama (15 dk.): Basit ¢ok degiskenli bir fonksiyon boliimlerin  okunmasi. Kaynaklar: Ders|
lizerinde minimum noktalarin bulunmasi Kitab1 2, 74-90. Ders Kitabi 3, 12-16.
IKonu Anlatimi: Kisitsiz optimizasyonda pratik problemler
B Uoams (10 ) Ktk Sl mihndlh ) K opimasonds polen
5 P gin op M boliimiiniin okunmasi. Kaynak: Ders Kitabi
Smmf-ici Tartisma (5 dk.): “Hangi problemler kisitsiZ 1, Bolim 4, 146-157.
optimizasyonla ¢oziilebilir?” sorusu {izerine bir tartigma yapilmasi
Konu Anlatimi: Kisitsiz optimizasyonda sayisal yontemler
Siif-ici Uygulama (10 dk.): Bir fonksiyonun minimumunun Newton methodu; gradyan yéni ilerleme ve
sayisal olarak yaklasik bulunmasi . o
6 analitik ¢6ziim konularmm okunmasi.
Smif-ici Tartisma (5 dk.): “Sayisal yontemlerin analitik] Kgynaklar: Ders Kitabt 2, 103-106. Ders
- . . oo . . Kitabi 1, 243-250.
cozlimlere gore avantajlari nelerdir?” sorusu iizerine bir tartigmal
yapilmasi
Konu Anlatimi: Gradient yontemleri: en hizli diisiis yontemi En hizli dilsiis yontemini igeren bolimlerin
7 okunmast. Kaynaklar: Ders Kitab1 1, 268-

Simif-i¢i Uygulama (10 dk.): Basit bir fonksiyon iizerinde iteratif]

gradient descent uygulamasinin yapilmast

275. Ders Kitab1 2, 115-122.
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Simf-i¢ci Tartisma (5 dk.): “Adim boyunun se¢iminde hangi
zorluklarla karsilasilir?”” sorusu iizerine bir tartisma yapilmasi

Siav haftasina kadar islenen konulart

8 Ara Smav 1 tiimiiniin tekrar edilmesi

IKonu Anlatimi: Bir kuadratik fonksiyon igin en hizli diisiis|

lyontemi, Cok degiskenli fonksiyonlar i¢in Newton yontemi 1. Kuadratik fonksiyonlar igin Newto

9 yontemini igeren boliimlerin okunmasi.
Sinif-ici Uygulama (10 dk.): Newton yonteminin kiigiik bir Kaynaklar: Ders Kitab1 1, 286-301. Ders
fonksiyon iizerinde uygulanmasi Kitab1 2, 139-145.

IKonu Anlatimi: Eslenik yon yontemleri: eslenik yon algoritmasi

1. Eslenik yon yontemlerini igeren boliimleri

10 Simif-i¢ci Uygulama (10 dk.): Kiigiik bir kuadratik problemde] okunmast. Kaynak: Ders Kitabi 2, 158-161.

leslenik yon algoritmast adimlarinin uygulanmast

IKonu Anlatimi: Kuadratik olmayan fonksiyonlar i¢in eslenik yon|

algoritmasi, Fletcher Reeves yontemi I Kuadratik olmayan fonksiyonlar ici

eslenik yon algortimasi: Fletcher Reeves

11 - T . .. konularmi igeren boliimlerin okunmasi.
Sinif-ici Uygulama (10 dk.): Belirli bir fonksiyon i¢in Fletcher- Kaynaklar: Ders Kitabi 2, 180-184. Ders

Reeves iterasyonlarinin yiiriitiilmesi Kitab1 3, 80-87.

IKonu Anlatimi: Kuadratik olmayan fonksiyonlar i¢in eslenik yon|
algoritmasi, Polak-Ribiere ve Hestenes-Stiefel yontemleri
1. Kuadratik olmayan fonksiyonlar igci

Sinif-ici Uygulama (5 dk.): Ayni problem iizerinde farkli eslenik| eslenik yon algortimasi: Polak-Ribiere ve]
12 lyon yontemlerinin karsilastirilmast Hestenes-Stiefel konularini iceren|
bolimlerin okunmasi. Kaynaklar: Ders|

Simif-i¢ci Tartisma (5 dk.): “Farkli algoritmalarin ayni problem| Kitab1 2, 180-184. Ders Kitab1 3, 80-87.

lizerindeki performansi nasil degisir?” sorusu iizerine tartigilmasi

Konu Anlatimi: Kisitli optimizasyon: esitlik kisitlar1 altindal

. 1. Esitlik kisitlar1  altinda  optimizasyo
optimizasyon

problemleri, Lagrange ¢arpanlar1 konularini

13 . ) . iceren boliimlerin okunmasi. Kaynaklar
Smif-i¢ci Uygulama: (10 dk.) Lagrange ¢arpani kullanarak basit] Ders Kitabi 2, 365-368: 374-387. Der

lesitlik kisith problemin ¢dziilmesi Kitab1 3, 195-212.

Konu Anlatimi: Esitlik ve esitsizlik kisitlar1  altinda

optimizasyon, Karush-Kuhn-Tucker (KKT) carpanlari I, Karush-Kuhn-Tucker carpanlarni igere

14 Smmif-i¢ci Uygulama: (10 dk.) Basit bir problemde KKT] boliimiin okunmast. Kaynak: Ders Kitab1 2,

kosullarinin adim adim uygulanmasi 397-406.

IKonu Anlatimi: Nonnegatiflik kisitlar1 altinda kisitli ve kisitsiz

optimizasyon

Siif-ici Uygulama (10 dk.): Nonnegatiflik kisith kiigiik bir 1. Nonnegatiflik kisitlart altinda
15 optimizasyon probleminin ¢dziilmesi. optimizasyonu iceren boliimiin okunmasi.

Kaynak: Ders Kitab1 2, 417-437.
Siif-ici Tartisma (5 dk.): “Gergek hayatta nonnegatiflik kisitlari
nerelerde karsimiza ¢ikar?” sorusu lizerine tartigilmasi

16 [Final Islenen konularin tiimiiniin tekrar edilmesi

AKTS iSYUKU TABLOSU

Etkinlikler Siiresi Toplam lsyiikii
(Saat)

Ders Saati 42

Laboratuar

Uygulama

Arazi Calismasi

Sinif Dis1 Ders Calismasi
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Derse Ozgii Staj

Odev

Kiiciik Smavlar/Stiidyo Kritigi

Projeler

Sunum / Seminer

Ara Sinavlar (Sinav Siiresi + Sinav
Hazirhk Siiresi)

Final (Sinav Siiresi + Sinav
Hazirhk Siiresi)

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

Mathematics

Optimization Techniques

MATA4280

3

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
Elective @ Bachelor Programme in Physics (%30 English)

COURSE CATEGORY

Core Courses

MODE OF DELIVERY

Face-to-Face

OWNER ACADEMIC UNIT

Department of Mathematics

COURSE COORDINATOR

Sema AKIN BAS

ASSISTANT(S)

COURSE OBJECTIVES

This course aims to help students provide basic knowledge about mathematical
optimization, particularly non-linear functions. The course also aims to enable students to
recognize real-world application areas and apply solution methods to these areas by
constructing mathematical models that facilitate optimal decision-making.

COURSE CONTENT

Introduction and basic concepts; unconstrained optimization; analytical solutions in
unconstrained optimization; numerical methods and algorithms; constrained optimization:
optimization under equality constraints, optimization under equality and inequality
constraints, optimization under special constraints.

RECOMMENDED OR REQUIRED
READINGS

Coursebook:
[1] Bhatti, M. Asghar. Practical Optimization Methods: With Mathematica Applications.
Springer Science & Business Media, 2000.

[2] Chong, Edwin K. P., Zak, Stanislav H. An Introduction to Optimization. John Wiley
& Sons., 2013.

[3] Fletcher, Roger. Practical Methods of Optimization. 2nd ed., John-Wiley and Sons
Ltd., Chichester, New York, 1987.

Recommended Readings:
Carmichael, David G. Structural Modelling And Optimization: A General Methodology
For Engineering And Control. 1981.
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Wismer, David A., Chattergy, Rahul. Introduction to nonlinear optimization: a problem

solving approach. New York: North-Holland, 1978.

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

1. Model to make optimal decisions in real-life problems.

2. Possess a comprehensive understanding of the principles of mathematical
Course Learning Outcomes optimization.

Use iterative methods.
Solve mathematical models.

Apply the models and methods they have learned.

EVALUATION SYSTEM

| Activities Number Percentage of Grade

| Attendance/Participation H H

| Laboratory H H

| Field Work H H

| Special Course Internship (Work Placement) H H

| Application H H ‘

| Quizzes/Studio Critics H H

Homework Assignments:

e  Content: Assignments requiring critical analysis of fundamental
concepts covered in class and identification of examples of these
concepts within both intra-disciplinary and interdisciplinary contexts

e  Format: Written reports and group presentations

. L 4 %20
e Detailed Assessment Criteria:
-Ability to logically and accurately demonstrate the problem-solving
process
-Ability to find practical examples of the concepts
- Ability to carry out processes of applied thinking, interpretation, and
justification
| Presentations/Jury H H ‘
i | | |
| 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. (70-90 minutes).
1 %40
e Detailed Assessment Criteria:
-Demonstration of understanding of the fundamental concepts of the
course
-Ability to solve problems related to theoretical topics
-Ability to carry out theoretical reasoning processes
Final: 1 %40
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Content: Comprehensive questions covering the entire content of the
course

Format: Face-to-face written exam. (70-90 minutes).

Detailed Assessment Criteria:

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

Percentage of In-Term Studies

Percentage of Final Examination

TOTAL

WEEKS COURSE OUTLINE

Related Preparation

Lecture: Introduction, basic concept

[Practice (10 minutes): Simple examples related to the
definitions of basic concepts such as optimization,
1 vector space, and linear independence

In-Class Discussion (5 minutes): Discussion on in
“which areas does optimization make our lives easier?”

Reading the sections covering the history of]
optimization. Reviewing the mathematical background.
Sources: Coursebook 2, 5-19. Coursebook 3, 3-11.

Lecture: Gradient, Hessian matrix, definiteness of a|
matrix

[Practice (10 minutes): Calculating the gradient and
Hessian of a sample function, checking its definiteness

Reading the sections covering gradient calculation,
Hessian matrix calculation, and matrix definiteness.
Sources: Coursebook 2, 60-64. Coursebook 3, 6-11)
Coursebook 2, 26-37.

Lecture: Convexity of functions

Practice (15 minutes): Examining whether different]
functions are convex

In-Class Discussion (5 minutes): Discussion on “what
is the advantage of convex functions in optimization?”

Reading the section on convex functions. Source:
Coursebook 1, 126-143.

Lecture: Unconstrained optimization: local and global
minimizer, feasible direction, necessary and sufficient
conditions for a local minimizer

Practice (15 minutes): Finding minimum points on a|
simple multivariate function

Reading the sections on local and global minima in
functions, the set of feasible directions, and necessary
and sufficient conditions for local minima. Sources:
Coursebook 2, 74-90. Coursebook 3, 12-16.

Lecture: Practical problems in unconstrained
optimization

Practice (10 minutes): Setting up an optimization
model for a small-scale engineering problem

[n-Class Discussion (5 minutes): Discussion on
“which problems can be solved using unconstrained|
optimization?”

Reading the section on problem types in unconstrained
optimization. Source: Coursebook 1, 146-157.

Lecture: Iterative methods in  unconstrained|
optimization

Practice (10 minutes): Numerically approximating the
minimum of a function

In-Class Discussion (5 minutes): Discussion on what]
are the advantages of numerical methods over analytical

Reading about the Newton method; gradient direction
advancement and analytical solutions. Sources:
Coursebook 1, 243-250. Coursebook 2,103-106.
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solutions?

Lecture: Gradient methods: the method of steepest
descent

Practice (10 minutes): Applying iterative gradient]

1. Reading the sections on the fastest descent method,

7 descent on a simple function Sources: Coursebook 1, 268-275. Coursebook 2,
Chapter 8, 115-122.
In-Class Discussion (5 minutes): Discussion on “what
difficulties are encountered in selecting the step size?”
8 Midterm 1 Review of all topics covered up to the exam week.
Lecture: The method of steepest descent for a quadratic
function, The Newton’s method for a multivariable
function 1. Reading the sections on the Newton method fo
9 quadratic functions. Sources: Coursebook 1, 286-301
[Practice (10 minutes): Applying Newton's method to a Coursebook 2, 139-145.
small function
Lecture: The conjugate direction methods: Conjugate
direction algorithm
10 1. Reading the sections on conjugate direction methods,|
Quick Practice (5 minutes): Applying the conjugate] Source: Coursebook 2, 158-161.
eradient algorithm steps to a small quadratic problem
Ls:;lrl;?; rf)(l;?iumiatlilet%:{lae(ilf{[gevzlglﬁlgttl};c% for non- 1. Reading the sections on the conjugate directio
4 p ’ algorithm for non-quadratic functions: Fletcher Reeves|
11 Practice (10 minutes): Exccuting Fletcher-Reeves topics. Sources: Coursebook 2, 180-184. Coursebook 3
. . . . 80-87.
iterations for a specific function
Lecture: Conjugate gradient algorithm for non-
quadratic problems, Polak-Ribiere and Hestenes-Stiefel
methods
Quick Practice (5 minutes): Comparing differen] |* Lcading the sections covering conjugate gradieng
12 conjugate gradient methods on the same problem algorithm for n(.)n-quadra_tlc functions: Polak-Ribier
and Hestenes-Stiefel topics. Source: Coursebook 2,
In-Class Discussion (5 minutes): Discussion on the 180-184; Coursebook 3, 80-87.
question, "How does the performance of different
algorithms on the same problem vary?"
Lecture: Constrained optimization: optimization with
equality constraints 1. Reading sections covering optimization problems unde
13 equality constraints and Lagrange multipliers. Sources:
Practice (10 minutes): Solving simple equality- Coursebook 2, 365-368; 374-387. Coursebook 3, 195-
constrained problems using Lagrange multipliers 212.
Lecture: Optimization with equality and inequality
constraints, Karush-Kuhn-Tucker (KKT) multipliers
14 1. Reading the section on Karush-Kuhn-Tucke
Practice (10 minutes): Step-by-step application of] multipliers. Source: Coursebook 2, 397-406.
KKT conditions to a simple problem
Lecture: Constrained and unconstrained optimization
under nonnegativity constraints
optimization problem with nonnegativity consrants | |+ Reading the scction  on optimization _unde
15 P p gativity nonnegativity constraints. Source: Coursebook 2, 417-
In-Class Discussion (5 minutes): Discussion on thel 437.
question, "Where do we encounter non-negativity|
constraints in real life?"
16 Final Review of all topics covered.
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ECTS WORKLOAD TABLE

Activities Number

Duration
(Hour)

Total Workload

Course Hours

3

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)

15

Final (Examination Duration + Examination Prep. Duration)

20

Total Workload:

Total Workload / 30(h):
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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 = é - - -
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.

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 ¢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 validity of a
mathematical proposition
through various proof
techniques using their
theoretical and applied
knowledge of mathematics
and mathematical thinking
skills.

PC-3 Matematik alanindaki

teorik ve uygulamali
bilgilerini ve matematiksel
diistinme 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.

Pg;-4 Disiplinlerarast  bir 5 = = =

[°N
1w
I~
I~
[°N

1
1
I~
I~
I~

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

Pg;-S Matematik alaninda
edindikleri bilgi birikimlerini
ve matematiksel diigiinme
becerilerini, teorik matematik,
yazilim, finans ve yoOnetim
matematigi, biyomatematik,
veri bilimi ve finansal
istatistik ~ yontemleri  gibi
disiplin-i¢i 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.

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
gergeklestirmek 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 ig¢in
hayat boyu O0grenme
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.

1
1
1
1
1

PC-8 Bilimsel | = - - - -
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aragtirmalarin1 ~ ve  mesleki
faaliyetlerini yiiriitiirken
dogabilecek hukuksal
sonuglar1 ve toplumsal etkileri
dikkate alarak mesleki etik
ilkeler, kalite standartlari ile
evrensel degerler
dogrultusunda  ve  sosyal
sorumluluk bilinci ve adalet
duygusuyla hareket
edebileceklerdir. / Act with a
sense of social responsibility
and justice and in accordance
with  professional  ethical
principles, quality standards,
and universal values by taking
into account potential legal
and societal consequences of
their scientific research and
professional activities.

PS ‘-9 Bireysel olarak ya da

takimlarda  etkin  bigimde
calisabileceklerdir. /  Work
effectively both independently
and as part of a team.

Pg;-lO Matematik alaninda

giivenilir bilgi kaynaklarina
ulasarak literatiir taramasi
yapabilecek ve akademik

[N
|93)
I~
I~
[N

arastirma tasarlayip
ylriitebileceklerdir. / Access z - - - -
reliable sources of

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

PS ;-1 1 Matematiksel

konular1, teorileri, ispatlari,
aragtirmalart  ve  problem
¢Oziimlerini, matematik
terminolojisi kullanarak tiim
paydaslara Tiirkge ve
Ingilizcede sozlii ve yazili
olarak etkili bigimde
aktarabileceklerdir. / = - - - =
Effectively communicate
mathematical topics, theories,
proofs, research, and problem
solutions to all relevant
stakeholders using appropriate
mathematical ~ terminology,
both orally and in writing, in
Turkish and in English.
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