FAKULTE / ENSTIiTU ADI

DERS BiLGi FORMU

Fen Edebiyat Fakiiltesi

BOLUM / PROGRAM /
ANABILIM DALI ADI

istatistik

DERSIN ADI

Optimizasyon

DERSIN KODU

1IST3011

YEREL KREDIiSi

3

AKTS KREDISi

HAFTALIK DERS SAATI

HAFTALIK UYGULAMA SAATI

HAFTALIK LABORATUVAR
SAATI

0

ONKOSULLAR

Yok

YARIYIL

Giiz

DERSIN DiLi

Ingilizce, Tiirkce

DERSIN SEVIYESI

Lisans

DERSIN TURU

Zorunlu @istatistik Lisans Programi

DERSIN KATEGORISI

Temel Meslek Dersleri

DERSIN VERILIS SEKLI

Yiiz Yiize

DERSI SUNAN AKADEMIK
BiRiM

Istatistik Boliimii

DERSIN KOORDINATORU

Giilder KEMALBAY

ASISTAN(LAR)

DERSIN AMACI

Bu dersin amaci, 6grencilerin ger¢ek yasam problemlerini matematiksel olarak formiile edip
¢ozebilmeleri igin kuramsal bilgi ile pratik becerileri biitiinlestirerek tek ve ¢ok degiskenli
kisitlamasiz/kisith optimizasyon, konvekslik, optimallik kosullari, Lagrange ¢arpanlari Slater
kosullari, KKT teoremi, duyarlilik analizi gibi temel kavramlari derinlemesine
kavramalarina; dogrusal ve dogrusal olmayan programlama modellerini teoriye uygun
bi¢cimde kurup ¢ézmelerine ve elde edilen ¢dziimleri disiplinler arasi alanlarda yorumlayip
raporlayabilmelerine yardimei olmaktir

DERSIN iCERIGi

Optimizasyon problemlerinin siniflandirilmasi; tek degiskenli kisitlamasiz optimizasyon; ¢ok
degiskenli kisitlamasiz optimizasyon; konveks kiime ve konveks fonksiyonlar; konveks
programlama problem; ¢ok degiskenli kisitlamali optimizasyon.

DERS KiTABI / MALZEMESI /
ONERILEN KAYNAKLAR
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Ders Kitabi:
Azimli, Abbas. Matematiksel Optimizasyon. Papatya Yayncilik, 2011.

Zorunlu Kaynaklar:
[1] Beck, Amir. Introduction to Nonlinear Optimization: Theory, Algorithms, and
Applications with Python and MATLAB. 2. baski, SIAM, 2023.

[2] Bazaraa, M. S., Sherali, Hanif D., ve Shetty, C. M. Nonlinear Programming:
Theory and Algorithms. 3. baski, John Wiley & Sons, 2013.

[3] Orkcii, Hact Hasan, Ozsoy, Volkan Soner,Kocak, Emre. Yapay Zeka Temelli
Optimizasyon Matlab ve Python Uygulamalariyla. Segkin Yaymncilik, 2024.

[4] Winston, L. Wayne., Operations Research: Applications and Algorithms. 4. baski,
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Thomson Learning, 2004.

Onerilen Kaynaklar:

[1] Boyd, Stephen P.,Vandenberghe, Lieven. Convex Optimization. Cambridge
University Press, 2009.

Bu dersi basariyla tamamlayan dgrenciler,

1. Gergek yasam problemlerini dogrusal ve dogrusal olmayan programlama
gergevesinde modelleyebilecek; uygun ¢6ziim yaklasimmni segip sonuglari
yorumlayabileceklerdir.

2. Tek degiskenli kisitlamasiz optimizasyon problemlerini tiirev ve ikinci mertebe
testlerini kullanarak analiz edip ¢ozebileceklerdir.

Ders Ogrenim Ciktilari 3. Cok degiskenli kisitlamasiz optimizasyon problemlerinde gradyan/Hessian
temelli optimalite kosullarin1 uygulayarak ¢oziim tiretebileceklerdir.

4. Cok degiskenli esitlik kisitlamali optimizasyon problemlerini Lagrange
carpanlar1 yontemiyle formiile ederek ¢ozebileceklerdir.

5. Cok degiskenli kisitlamali optimizasyon problemlerini KKT kosullart ile
cozebilecek; elde edilen ¢oziimleri  farkli  disiplinlerde  raporlayip
yorumlayabileceklerdir.

DEGERLENDIRME SISTEMI
Etkinlikler Say1 Katki Pay1

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

e Detayh Degerlendirme Kriterleri:

- Derse aktif katilim ve soru sorma
- Simif-i¢i tartigmalara ve problem ¢ézme siireclerine katki
saglayabilme

Laboratuvar: H

Uygulama (Sézlii Sinav):

e icerik: Ogrencilerden lineer cebir dersinin temel kavramlarim
aciklamalarmin ve uygulamali bir soruya ¢dziim Onerisi sunmalarinin
istenmesi

e  Format: Ogrenci ile bireysel olarak gerceklestirilecek sozlii sinav (5-
10 dakika)

e Detayh Degerlendirme Kriterleri:

-Kavramlar1 agiklayabilme
-Problem ¢6zebilme
-Problem ¢6ziimlerini anlatabilme

‘ Arazi Calismasi H

Derse Ozgii Staj

Kisa Siavlar/Stiidyo Kritigi (Zorunlu):
e icerik: Smav haftasina kadar islenen konularin tiimiinii kapsayan
kapsaml1 sorularin sorulmasi 4 2630

e  Format: Yiiz yiize. Coktan segmeli kisa sinav (5-10 dakika)
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e Detayh Degerlendirme Kriterleri:

-Derste islenen teorik konular ile ilgili problemleri ¢6zebilme

Odev:
e icerik: Derste islenen temel kavramlarin elestirel bigimde
yorumlanmasini ve ilgili kavramlarin disiplin-igi ve disiplinlerarasi
alanlarda 6rneklerinin bulunmasini igeren haftalik 6devlerin verilmesi

e  Format: Yazili raporlar ve grup sunumlari

e Detayh Degerlendirme Kriterleri:

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

- Kavramlarin uygulamadaki 6rneklerini bulabilme

- Uygulamali diisiinebilme, yorumlama ve gerekgelendirme
stireglerinin ytiriitiilebilmesi

e icerik: Ogrencilerin kendi 6grenme siireglerini degerlendirmelerinin
ve grup sunumlari yapmalarinin istenmesi

e  Format: Grup sunumlari

e  Detayh Degerlendirme Kriterleri:

-Ogrenilen konularin dogru bir sekilde agiklanabilmesi
-Sunum tekniklerinin dogru kullanilmasi

Proje:
e igerik: Ogrencilerden akademik dénem sonunda teslim edilecek bir
proje onerisi (TUBITAK 2209 A/B) yazmalarinin istenmesi

e  Format: Yazili raporlar ve grup sunumlari

e  Detayh Degerlendirme Kriterleri:

-Ozgiin bir arastirma konusunun bulunabilmesi
-Bir arastirma 6nerisinin bilimsel ilkeler ve ilgili kilavuzlar
dogrultusunda yazilabilmesi

Sunum/Jiiri:

Seminer/Workshop

Ara Sinavlar:
e cerik: Sinav haftasma kadar islenen konularm timiinii kapsayan
kapsamli sorular

e  Format: Yiiz yiize. Smav (60 dakika)
%30
e Detayh Degerlendirme Kriterleri:
-Dersin temel kavramlarinin anlagildiginin gosterilmesi
-Teorik konularla ilgili problemlerin ¢6ziilebilmesi
-Teorik diistinme siireclerinin yiiriitiilmesi
Final:
e icerik: Dersin tiim igerigini kapsayan kapsamli sorular
e Format: Yiiz ylize. Sinav (75 dakika)
e Detayh Degerlendirme Kriterleri: %40
-Derste iglenen tiim konularin derinlemesine kavranmis
oldugunun gosterilmesi
-Tleri diizev nrohlem cézme hecerilerinin knllanilahilmeci
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Dénem ici Calismalarin Basar1 Notuna Katkisi H %60
Final Sinavinin Basar1 Notuna Katkisi H %40
TOPLAM %100
HAFTALIK KONULAR VE iLGIiLi ON HAZIRLIK CALISMALARI
HAFTALAR KONULAR On Hazirhik
Konu Anlatimi: Optimizasyona giris; model tiirleri ve problem| Optimizasyon kavraminin gbzde

siniflandirmasi,amag fonksiyonu ve kisit kavrami.

gegirilmesi. Kaynak: Ders Kitabi, 7-11.
Optimizasyon problemlerinin tarihgesini

1 Simif-i¢ci Uygulama (5 dk.): Gergek yasam probleminden aragtirllmasi. Kaynak: Ders Kitab1, 11-21.

amag/kisit ¢ikarimi (Or. iiretim planlama).

Smif-ici Tartisma (5 dk.): Disiplinlerarasi kullanim (istatistik,

veri bilimi, miihendislik).

Konu Anlatimi: Tek degiskenli kisitlamasiz optimizasyon; Tek degiskenli fonksiyonlarda tiirev|

tiirevsel optimalite fikri. bilgisinin hatirlanmasi ve etkinlestirilmesi.
Tek degiskenli optimizasyon proble

2 Simif-ici Uygulama (5 dk.): Bir degiskenli orneklerde kritik formiilasyonuna ait bilgilerin okunmasi.
noktalarin bulunmasi. Kaynak: Ders Kitabi, 23-26
Sinif-i¢i Tartigsma (5 dk.): Global-lokal optimum ayrimu.

Konu Anlatimi: Optimallik igin 1. mertebe gerek kogullar: Fermat Teoreminin incelenmesi. Kaynak:
Fermat teoremi, Varlik teoremi, 2. mertebe gerek kosullar. Ders Kitabi, 25-26.
Fermat  Teoreminin  tersinin  dog
Sinif-ici Uygulama (5 dk.): Kritik noktanin ve u¢ noktalarin| olmadigina  ait  Orneklerin  grafikle
3 sistematik incelenmesi. izerinden incelenmesi. Kaynak: Ders
Kitabr: 26-27.
Smif-ici Tartisma (5 dk.): 2. mertebe gerek kosullarinm
varsayimlari.
Konu Anlatimi: Kapali Aralik Yontemi, Optimallik igin Yeter| Kapali Aralikk Yonteminin incelenmesi.
Kosullar. Kaynak: Ders Kitabi, 27-28.
Optimallik i¢in yiiksek mertebe yete

4 Simif-i¢i Uygulama (5 dk.): Acik kutu probleminin kapali aralik kosullarin  incelenmesi. Kaynak: Ders|
lyontemi ile ¢ozimii. Kitabi, 29-31.

Simif-i¢ci Tartisma (S dk.): Yeter kosullarin varsayimlar.

Konu Anlatimi: Tek degiskenli konveks fonksiyonlar ve temel Tek degiskenli konveks fonksiyonu

6zellikler, taniminin hatirlanmasi ve etkinlestirilmesi.
Kaynak: Ders Kitabi, 32-33.

5 Smif-ici Uygulama (5 dk.): Konvekslik testi (tanim/ikincil] Tek degiskenli konveks fonksiyonlari
karakterizasyon). ozellikleri. Kaynak: Ders Kitabi, 34-36.
Siif-i¢i Tartisma (S dk.): Neden “konvekslik” tercih edilir?

Konu Anlatimi: Cok degiskenli kisitlamasiz optimizasyon; Cok degiskenli fonksiyonun lokal ve global

gradyan vektor ve hessian matris tanimu. optimal noktalarmim tanimi. Kaynak: Ders
Kitabu, 42.

Siif-ici Uygulama (5 dk.): Gradyan vektor ile kritik nokta Cok degiskenli optimizasyonda Varli

6 analizi. Teoremi ve Fermat ~ Teoreminin

incelenmesi. Kaynak: Ders Kitabi, 43.
Sinif-i¢i Tartisma (5 dk.): Hessian matrisin 6nemi.
Kisa Smav 1 (15 dk.): Ders sonunda, derste islenen konulari
iceren bir kisa sinavin yapilmasi
Konu Anlatimi: fkinci mertebe gerek kosullar; optimallik icin Optimallik i¢in yeter kogullar1 anlamak igi
iyeter kosullar, Hessian matrisin belirliligi, lokal optimum| kuadratik formlarin incelenmesi. Kaynak:
moktalarin bulunmasi. Ders Kitabi, 45-47

Simetrik bir matrisin pozitif / negative)

7 Simif-ici Uygulama (5 dk.): Belirlilik testleri ile lokal belirli olmasi i¢in gerek ve yeter kosullarin

optimizasyon

Simif-i¢i Tartisma (5 dk.): Lokal optimum

okunmasi. Kaynak: Ders Kitabi, 48-49.
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Kisa Sinav 2 (15 dk.): Ders sonunda, derste islenen konulari
iceren bir kisa sinavin yapilmasi

Smav haftasina kadar islenen konularin

8 Ara Smav 1 tiimiiniin tekrar edilmesi
Konu Anlatimi: Cok degiskenli konveks analiz; Hessian matris| .Konveks kiime ve ¢ok degiskenli konveks|
belirligi, global optimum noktalarin bulunmast. fonksiyon kavramlarinin hatirlanmasi ve
etkinlestirilmesi. Kaynak: Ders Kitabi, 55.
Simif-i¢i Uygulama (5 dk.): Belirlilik testleri global optimizasyon Konveks fonksiyon ve Hessian matris
9 iligkisinin incelenmesi. Kaynak: Ders|
Sinif-i¢ci Tartisma (5 dk.): Konveksligin énemi. Kitab1, 55,56.
Kisa Sinav 3 (15 dk.): Ders sonunda, derste islenen konulari
liceren bir kisa sinavin yapilmasi
Afin kiime ve konveks kiime kavramlarint
Konu Anlatimi: Konveks kiimeler ve konveksligi koruyan| hatirlanmasi1 ve etkinlestirilmesi. Kaynak:
islemler; konveks fonksiyonlarin pratikte uygulamalar. Ders Kitabi, 79-83.
Konveks kombinasyon tanimint
Siif-ici Uygulama (5 dk.): Konveks fonksiyonlar hakkindal incelenmesi. Kaynak: Ders Kitabi, 84.
6rnekler.
10
Siif-i¢i Tartisma (5 dk.): Konveksligin korunumunun pratikte|
Onemi.
Kisa Sinav 4 (15 dk.): Ders sonunda, derste islenen konulari
liceren bir kisa sinavin yapilmasi
Konu Anlatimi: Cok degiskenli esitlik kisith optimizasyon; Lineer olmayan programlama probleminin
Lagrange Teoremi. genel yapisinin incelenmesi. Kaynak: Ders
Kitab1: 155.
11 Simif-ici Uygulama (5 dk.): Basit bir esitlik kisith 6rnegin| Lagrange  fonksiyonu ve  Lagrange
ILagrange formiilasyonu. carpanlart  kavramlarinin  incelenmesi.
Kaynak: Ders Kitab1: 159.
Smif-i¢i Tartisma (5 dk.): Lagrange ¢arpanlarinin 6nemi.
Konu Anlatimi: Lagrange Teoremi ve uygulamalar. Duyarlilik| Lagrange carpanlart ile duyarlilik analizi|
Analizi. bolimiiniin  incelenmesi. Kaynak: Ders
Kitab1:156-160 [1]; 666-671 [4].
Simif-ici Uygulama (5 dk.): Iki degiskenli drneklerde ¢oziim ve|
12 lyorum.
Simif-i¢i Tartisma (5 dk.): Lagrange ¢arpanlar1 yorumu.
Konu Anlatimi: Konveks programlama problemi Slater Kosulu Konveks programlama probleminin genel
yapisinin  incelenmesi. Kaynak: Ders
13 Simif-i¢ci Uygulama (5 dk.): Konveks programlama probleminin Kitab1: 163.
lyapist Slater kosulunun incelenmesi. Kaynak:
Ders Kitab1: 166-167.
Siif-ici Tartisma (5 dk.): Konveksligin 6nemi
Esitsizlik kisiti igeren problemler i¢in KT}
Konu Anlatimi: Cok degiskenli esitsizlik kisitli optimizasyon, kosullarinin incelenmesi. Kaynak: 673-677|
Kuhn-Tucker (KT) Teoremi [4].
14 KT kosullarinin geometrik yorumlarinin
Simif-i¢i Uygulama (5 dk.): Ornek iizerinde KT uygulamalari. incelenmesi. Kaynak: 677-679 [4].
Smif-i¢i Tartisma (5 dk.): Kisit tiirlerinin modelleme etkileri.
Konu Anlatimi: Cok degiskenli esitlik ve esitsizlik kisith Esitlik ve esitsizlik kisitt igeren problemle
optimizasyon, Karush-Kuhn-Tucker (KKT) Teoremi igin  KKT  kusullarimin  incelenmesi.
Kaynak: Ders Kitab1: 155-170; 156-167 [2]
Simif-ici Uygulama (5 dk.): Bir uygulama senaryosunda KKT]
kontrol listesi.
15
Siif-i¢i Tartisma (5 dk.): KKT kosullarinin kontrolii.
16 Final Islenen konularin tiimiiniin tekrar edilmesi

AKTS iSYUKU TABLOSU
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Etkinlikler iiresi Toplam Isyiikii

Ders Saati 42

Laboratuar

Uygulama (s6zlii Sinav)

Arazi Calismasi

Sinif Dis1 Ders Calismasi

Derse Ozgii Staj

Odev

Kiiciik Sinavlar/Stiidyo Kritigi

Projeler

Sunum / Seminer

Ara Smavlar (Simav Siiresi + Smav
Hazirlik Siiresi)

Final (Sinav Siiresi + Sinav
Hazirhk Siiresi)

Toplam is yiikii:

Toplam Ts yiikii / 30(s):

AKTS Kredisi:
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COURSE INFORMATION FORM

I FACULTY / GRADUATE SCHOOL Faculty of Arts and Sciences I

Statistics

Optimization

1ST3011
3

LECTURE HOUR / WEEK

PRACTICAL HOUR / WEEK

LABORATORY HOUR / WEEK

N
PREREQUISITE one

SEMESTER Fall

COURSE LANGUAGE English, Turkish

LEVEL OF COURSE First Cycle

COURSE TYPE Required @ Bachelor Programme in Statistics

COURSE CATEGORY Core Courses

MODE OF DELIVERY Face-to-Face

OWNER ACADEMIC UNIT Department of Statistics

COURSE COORDINATOR Giilder KEMALBAY

ASSISTANT(S)

This course aims to help students integrate theoretical knowledge with practical skills to
mathematically formulate and solve real-world problems; develop a deep understanding
of single- and multivariable unconstrained and constrained optimization, convexity,
optimality conditions, Lagrange multipliers, Slater’s condition, the Karush—Kuhn—
COURSE OBJECTIVES Tucker (KKT) theorem, and sensitivity analysis; build and solve linear and nonlinear
programming models in line with theory; and interpret and report the resulting solutions
across disciplinary contexts.

Classification of optimization problems; unconstrained single-variable optimization;
COURSE CONTENT unconstrained multi-variable optimization; convex sets and convex functions; convex
programming problems; constrained multi-variable optimization.

Coursebook:

Azimli, Abbas. Matematiksel Optimizasyon. Papatya Publishing, 2011.

Required Readings:

[1] Beck, Amir. Introduction to Nonlinear Optimization: Theory, Algorithms, and
RECOMMENDED OR REQUIRED Applications with Python and MATLAB. 2nd ed., SIAM, 2023.

READINGS [2] Bazaraa, M. S., Sherali, Hanif D., Shetty, C. M. Nonlinear Programming: Theory
and Algorithms. 3rd ed., John Wiley & Sons, 2013.

[3] Orkecii, Hac1 Hasan, Ozsoy, Volkan Soner, ve Kocak, Emre. Yapay Zeka Temelli

Optimizasyon Matlab ve Python Uygulamalariyla. Segkin Publishing, 2024.
[4] Winston, L. Wayne. Operations Research: Applications and Algorithms. 4th ed.,
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Thomson Learning, 2004.
Recommended Readings:

[1] Boyd, Stephen P., Vandenberghe, Lieven. Convex Optimization. Cambridge
University Press, 2009.

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

1. Model real-life problems within the framework of linear and nonlinear
programming; select appropriate solution approaches and interpret the
results.

. Analyze and solve single-variable unconstrained optimization problems

Course Learning Outcomes using derivatives and second-order tests.

Generate solutions by applying gradient/Hessian-based optimality
conditions in multi-variable unconstrained optimization problems.

Formulate and solve multi-variable equality-constrained optimization
problems using the Lagrange multiplier method.

Solve multi-variable constrained optimization problems using KKT conditions;

they will be able to report and interpret the obtained solutions in different

disciplines.

EVALUATION SYSTEM

Activities Number Percentage of Grade

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

e  Detailed Assessment Criteria:

-Active participation in lessons and asking questions
-Ability to contribute to in-class discussions and problem-solving
processes

Laboratory H

Application (Oral Examination):

e  Content: Students will be asked to explain fundamental concepts of
linear algebra and to propose a solution to a practical problem.

e  Format: Individual oral examination with each student (5-10
minutes).

e  Detailed Assessment Criteria:

-Ability to explain concepts
-Ability to solve problems
-Ability to articulate problem solutions

] Field Work 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) 4 %30

e Detailed Assessment Criteria:

-Ability to solve problems related to the theoretical topics covered in
the course

Homework Assignments:

e  Content: Weekly assignments requiring critical analysis of
fiindamental eancente cavered in clace and identificatinn nf examnleg
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of these concepts within both intra-disciplinary and interdisciplinary
contexts

Format: Written reports and group presentations

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

Content: Students will be asked to evaluate their own learning

processes and deliver group presentations
Format: Group presentations

Detailed Assessment Criteria:

-Ability to accurately explain the topics learned
-Proper use of presentation techniques

Project:

Presentations/Jury:
[ ]
[ ]
[ ]

Content: Students will be asked to write a project proposal
(TUBITAK 2209 A/B) to be submitted at the end of the academic
term.

Format: Written reports and group presentations

Detailed Assessment Criteria:

-Ability to identify an original research topic
-Ability to write a research proposal in accordance with scientific
principles and relevant guidelines

Seminar/Workshop

to the exam week
Format: Face-to-face written exam. (60 minutes).

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

Content: Comprehensive questions covering all topics addressed up

%30

Final:

Midterms:
[ )
[
[ )

Content: Comprehensive questions covering the entire content of the
course

Format: Face-to-face written exam. (75 minutes).

Detailed Assessment Criteria:

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

%40

Percentage of In-Term Studies

%60
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Percentage of Final Examination H %40 ‘

TOTAL %100

WEEKS COURSE OUTLINE Related Preparation
Lecture: Introduction to optimization; problem types
and classifications; objective function and constraints. Review the notion of optimization. Source:
Coursebook, 7-11.
Quick  Practice (5  minutes): Extracting Read a brief history of optimization problems. Source:
1 objective/constraints from a real-world scenario (e.g., Coursebook, 11-21.
production planning).
In-Class Discussion (5 minutes): Cross-disciplinar
uses (statistics, data science, engineering).
Lecture: Single-variable unconstrained optimization;
derivative-based optimality idea. Refresh derivatives for single-variable functions.
Read basic  formulations of  single-variable
2 Quick Practice (5 minutes): Finding critical points in optimization. Source: Coursebook, 23-26.
one-variable examples.
In-Class Discussion (5 minutes): Global vs. local
optima.
Lecture: First-order necessary conditions fo
optimality: Fermat’s Theorem, Existence Theorem, Study Fermat’s Theorem. Source: Coursebook, 25-26.
second-order necessary conditions, Examine counterexamples showing the converse of
Fermat’s Theorem is false (use graphs). Source:
3 Quick Practice (5 minutes): Systematic check off Coursebook, 26-27.
critical points and endpoints.
In-Class Discussion (5 minutes): Assumptions behind
second-order necessary conditions.
Lecture: Closed Interval Method; sufficient
conditions for optimality. Study the Closed Interval Method. Source: Coursebook,
27-28.
4 Quick Practice (5 minutes): Solve the open-box Read higher-order sufficient conditions for optimality.
problem using the Closed Interval Method. Source: Coursebook, 29-31.
In-Class Discussion (5 minutes): Assumptions behind
sufficient conditions.
Lecture: Single-variable convex functions and basic
properties. _ ) Recall/activate the definition of single-variable
5 Quick Practice (5 minutes): Convexity —checks convexity. Source: Coursebook, 32-33.
(definition/secondary _ characterizations). Read properties of single-variable convex functions.
In-Class Discussion (5 minutes): Why prioritize Source: Coursebook, 34-36.
convexity?
Lecture: Multivariable unconstrained optimization;
gradient vector and Hessian matrix. Definitions of local vs. global optima in multivariable
settings. Source: Coursebook, 42.
Quick Practice (5 minutes): Critical-point analysis Existence Theorem and Fermat’s Theorem in
\via gradient vector. multivariable optimization. Source: Coursebook, 43.
6
In-Class Discussion (5 minutes): Why the Hessian
matters.
Short Quiz 1 (15 minutes): A quiz at the end of the
class covering the topics taught during the session
Lecture: Second-order necessary conditions; sufficien
conditions; Hessian definiteness; finding local optima. Review quadratic forms to understand sufficient
) ) ) o conditions. Source: Coursebook, 45-47.
Quick Practice (5 minutes): Definiteness tests fo Read criteria for positive/negative definiteness of a
. local optimization. symmetric matrix. Source: Coursebook, 48—49.

In-Class Discussion (5 minutes): Interpreting local
optima.

Short Quiz 2 (15 minutes): A quiz at the end of the
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class covering the topics taught during the session

8 Midterm 1 Review of all topics covered up to the exam week.
Lecture: Multivariable convex analysis; hessian
definiteness; locating global optima.
Recall/activate the notions of convex sets and
Quick Practice (5 minutes): Using definiteness multivariable convex functions. Source: Coursebook,
tests for global optimization. 55.
9 Study the relation between convexity and the Hessian.
In-Class Discussion (5 minutes): The role of Source: Coursebook, 55-56.
convexity.
Short Quiz 3 (15 minutes): A quiz at the end of the
class covering the topics taught during the session
Lecture: Convex sets and convexity-preserving
operations; practical uses of convex functions.
Recall/activate affine vs. convex sets. Source:
Quick Practice (5 minutes): Worked examples on Coursebook, 79-83.
convex functions. Read the definition of convex combination. Source:
10 Coursebook, 84.
In-Class Discussion (5 minutes): Why preserving
convexity matters in practice.
Short Quiz 4 (15 minutes): A quiz at the end of the
class covering the topics taught during the session
Lecture: Multivariable equality-constrained
optimization; Lagrange’s Theorem. Read the general structure of nonlinear programming
] ) ) ) ) problems. Source: Coursebook, 155.
1 Quick Practice (5 minutes): Lagrangian formulation Study the Lagrangian function and multipliers. Source:
of a simple equality-constrained example. Coursebook, 159.
In-Class Discussion (5 minutes): Interpreting
Lagrange multipliers.
Lecture: Lagrange’s Theorem and applications;
sensitivity analysis. Study sensitivity analysis via Lagrange multipliers.
Source: Coursebook, 156-160 [1]; 666-671 [4].
12 Quick Practice (5 minutes): Two-variable
lexamples: solution and interpretation.
In-Class Discussion (5 minutes): Meaning o
Lagrange multipliers.
Lecture: Convex programming problem; Slater’s
condition. Read the general structure of convex programming
) ) ) problems. Source: Coursebook, 163.
13 Quick Practice (5 minutes): Anatomy of a convex Study Slater’s condition. Source: Coursebook, 166—
programming problem. 167.
In-Class Discussion (5 minutes): Why convexit
matters here.
Lecture: Multivariable inequality-constrained
optimization; Kuhn-Tucker (KT) Theorem. KT conditions for problems with inequality constraints.
) ] ) ) Source: 673-677 [4].
14 Quick Practice (5 minutes): Applying KT Geometric interpretations of KT conditions. Source:
conditions on an example. 677-679 [4].
In-Class Discussion (5 minutes): Modeling effects o
different constraint types.
Lecture: Multivariable equality & inequality-
constrained  optimization; Karush—Kuhn-Tucker KKT conditions for problems with equality and
(KKT) Theorem. inequality constraints. Source: Coursebook, 155-170;
156-167 [2].
15 Quick Practice (5 minutes): KKT checklist on an
application scenario.
In-Class Discussion (5 minutes): Verifying KKT]
conditions.
16 Final eview of all topics covered.
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ECTS WORKLOAD TABLE

Activities Number Duration Total Workload
(Hour)

Course Hours H 14 H 3 H 42
Laboratory H H H
Application H H H
Field Work [ [ [
Study Hours Out of Class H 14 H 4 H 56

Special Course Internship (Work Placement) H H H

Homework Assignments H H “

Quizzes/Studio Critics H 4 H 4 H 16

Project H H “

Presentations / Seminar H H H

Mid-Terms (Examination Duration + Examination Prep. Duration) H 1 H 15 “ 15
Final (Examination Duration + Examination Prep. Duration) H 1 H 20 H 20
Total Workload: H 149
Total Workload / 30(h): || 4.96

ECTS Credit: 5
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PC-1 Istatistik biliminin temelini olusturan
teorik ve uygulamali alanlardaki bilgilerini,
alanla ilgili  problemleri  tamimlama,
modelleme ve ¢ozim iiretmede
kullanabileceklerdir.

Use their theoretical and applied knowledge in
the science of statistics to identify, model, and
solve problems related to the field.

PC-2 istatistiksel problemlerin belirlenmesi,
uygun veri toplama yoéntemlerinin segilmesi,
verinin  diizenlenmesi ve yorumlanmasi
stirelerinde  yeterlilik gosterecek ve bu
problemlerin ¢6ziimiinde gerekli analiz ve
modelleme yontemlerini secip
uygulayabileceklerdir.

Demonstrate competence in identifying
statistical problems, selecting appropriate
data collection methods, organizing and
interpreting data, and select and apply
necessary analysis and modelling methods to
solve these problems.

PC-3 Herhangi bir olgu, siire¢ ya da iriinii
istatistiksel bakis agisiyla analiz  edip
yorumlayabilecek ve karsilastiklar1 sorunlara
uygun modern istatistiksel yontemlerle
coziim gelistirebileceklerdir.

Analyse and interpret a phenomenon,
process, or product from a statistical
perspective and develop solutions to
encountered problems using appropriate
modern statistical methods.

BC-4 Disiplinleraras: bir yaklasimla, farkli
alanlarda  edinmis  olduklart  bilgileri
sentezleyebileceklerdir.

Synthesise  knowledge
different disciplines
interdisciplinary approach

acquired  from
through an

PC-5 istatistik alaminda edindikleri bilgi
birikimlerini  ve istatistiksel  diisiinme
becerilerini, teorik istatistik, veri bilimi,
finansal istatistik, saghik bilimlerinde
istatistik gibi disiplin-igi ve disiplinlerarasi
uzmanlik alanlarinda gelistirebileceklerdir.

Advance their acquired knowledge in
statistics and statistical thinking skills in
both disciplinary and interdisciplinary areas of
specialisation such as theoretical statistics, data
science, financial statistics, and statistics in
health sciences.

PC-6 Istatistik alaminda yaygmm olarak
kullanilan en az bir programlama dili ile
bilgisayar ve yapay zeka teknolojilerini,
problemleri ¢6zmek, veri analizi yapmak ve
simiilasyonlar gerceklestirmek i¢in
kullanabileceklerdir.
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Use at least one programming language and
computer and artificial  intelligence
technologies widely employed in statistics
for problem-solving, data analysis, and
simulations.

BC-7 istatistik ve ilgili alanlardaki bilimsel
ve teknolojik gelismeleri izleyebilecek,
kariyer firsatlarin1 degerlendirerek kisisel ve
mesleki gelisim hedeflerini belirleyebilecek
ve bu hedeflere ulasmak icin hayat boyu
6grenme stratejilerini kullanabileceklerdir.

Follow scientific and technological
developments in statistics and related fields,
assess career opportunities, identify personal
and professional development goals, and
adopt lifelong learning strategies to achieve
these goals

BC-8 Bilimsel arastirmalarim1 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.

BC-9 Bireysel olarak ya da takimlarda etkin
bigimde ¢alisabileceklerdir.

Work effectively both independently and as
part of a team.

PC-10 Istatistik alaminda giivenilir bilgi

kaynaklarina wulagarak literatiir taramasi

yapabilecek  ve akademik aragtirma

tasarlayip yiiriitebileceklerdir.

Access reliable sources of information,
conduct literature reviews, and design and
carry out academic research in the field of
statistics.

PC-11 Iistatistiksel konulari, teorileri,
ispatlari,  aragtirmalart  ve  problem
¢oziimlerini, istatistiksel terminoloji
kullanarak tiim paydaglara Tiirkce ve
Ingilizcede sozlii ve yazili olarak etkili
bi¢cimde aktarabileceklerdir.

Effectively communicate statistical 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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