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DERSIN KOORDINATORU Nuran GUZEL

ASISTAN(LAR) Yok

Bu dersin amaci, ogrencilerin miihendislikte ve diger uygulamali bilim kollarinda
karsilasilasacaklar1 diferansiyel denklem ya da diferansiyel denklem sistemlerinin analitik
DERSIN AMACI ¢Ozlimiiniin zor ya da imkansiz oldugu durumlarda, niimerik metotlarla da ¢6ziimiinii
hesaplayabilecek metotlar1 6grenme veya deneysel olarak elde edilen dl¢lim sonuglarmi
niimerik yolla ¢dziimleme becerileri kazandirmaktir.

Adi diferansiyel denklemlerin tanimi; adi diferansiyel denklemlerde baslangic deger
problemleri tanimi; elemanter ¢dziim teorisi ve temel kavramlari; seriler ile sayisal ¢6ziim

DERSIN iCERIGi yontemleri; tek adim yontemleri; ¢ok adim yontemleri; kestirici diizeltici yontemler; yiiksek
mertebeden diferansiyel denklemler ve denklem sistemlerinin yaklasik ¢oziimleri; sonlu
farklar ile lineer smir deger problemlerinin ¢oziimleri.

Ders Kitabi:
[1] Cagal, Behig. Sayisal Analiz. Birsen Yaymlari, 1990.
[2] Burden, Richard L., Faires, J. Douglas. Numerical Analysis. 5. baski, Plus Publishing

Company, Boston, 1993.

DERS KITABI/ MALZEMESI/ | 7runlu Kaynaklar:

ONERILEN KAYNAKLAR ‘ . ‘
[1] Ross, Shepley L. Differential Equations. 3. baski,Wiley-India, 2010.

[2] Thomas, George. B., Weir, Maurice D., Hass, Joel ve Giordano Frank R. Thomas’

Calculus. (Ceviren: Recep Korkmaz). 11. baskidan geviri, Beta Yayincilik, 2009.
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Onerilen Kaynaklar:

Atkinson, Kendall, Weimin, Han, Stewart, David. Numerical Solution of Ordinary
Dufferential Equations. 2. baski, Wiley-Interscience Publication, 2008.

Hildebrand ,F.B. Introduction to Numerical Analysis. 2. Baski, Mc Graw Hill, 1974.

Bu dersi basartyla tamamlayan 6grenciler:
1. Diferansiyel denklemlerin sayisal analizini yorumlayabileceklerdir.

2. Saysal yontemlerin matematiksel arka planini ve Sayisal yontemleri kullanirken
nelerle karsilasabilecegini dair bilgileri ifade edebileceklerdir.

Ders Ogrenim Ciktilary . Teorik ¢dziimlere ihtiyag duymadan adi diferansiyel denklemi ve sistemleri
¢Ozebilme becerisini kazanabileceklerdir.

Sayisal yontemlerde hata analizini yapabileceklerdir.

Sayisal yontemlerin algoritmasini yazabileceklerdir.

DEGERLENDIRME SiSTEMI

| Etkinlikler Say1 Katki Payr

| Devam/Katilim H H

| Laboratuvar H H

| Uygulama H H

| Arazi Calismasi H H

Derse Ozgii Staj

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

e  Format: Yiiz yiize. Veya ¢oktan se¢meli kisa sinav (20-30 dakika) 4 %20

e Detayh Degerlendirme Kriterleri:

-Derste iglenen teorik konular ile ilgili problemleri ¢6zebilme

|Oaer | |

| 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 (90 dakika)

1 %40
e  Detayh Degerlendirme Kriterleri:
-Dersin temel kavramlarinin anlasildiginin gdsterilmesi
-Teorik konularla ilgili problemlerin ¢dziilebilmesi
-Teorik diisiinme siireclerinin yiiriitiilmesi
| Tinal. || 1 || 0/ AN
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e Igerik: Dersin tiim ierigini kapsayan kapsamli sorular
e  Format: Yiiz yiize. Sinav (90 dakika)
e  Detayh Degerlendirme Kriterleri:
-Derste islenen tiim konularin derinlemesine kavranmig
oldugunun gosterilmesi
-Ileri diizey problem ¢6zme becerilerinin kullanilabilmesi
| Dénem ici Cahsmalarin Basar1 Notuna Katkis H %60
| Final Sinavinin Basar1 Notuna Katkisi H %40
| TOPLAM H %100
HAFTALIK KONULAR VE iLGILi ON HAZIRLIK CALISMALARI
HAFTALAR KONULAR On Hazirhik
Adi diferansiyel denklemlerin tanimi, temel|
Konu Anlatimi: Adi diferansiyel denklemlerin tanimi, adi kavramlari, ¢oziim teorisi ve teoremlering]
diferanisyel denklemlerde baslangi¢ deger problemlerinin tanimi, ilisgkin 6n bilgilerin hatirlanmast  ve
elemanter ¢dziim teorisi ve temel kavramlar1 ve teoremleri etkinlestirilmesi. Kaynaklar: Ders Kitabi
[2], 250-255. [1], 3-15.
1 Smif-i¢ci Uygulama (5 dk.): Niimerik hesaplamalarda dogruluk ve Adi diferansiyel denklemlerin tanimi, adi
hata ile ilgili uygulamanin yaptirilmasi diferansiyel denklemlerde baslangi¢ dege
problemlerinin tanimi, elemanter ¢oziim|
Sinif-ici Tartisma (5 dk.): Niimerikte hata ve yanlis kavraminin| teorisi ve temel kavramlar1 ve teoremleri
matematik i¢inde ve diger disiplinlerde 6nemiyle ilgili tartigmanin| konularmi igeren boliimlerin okunmasi.
lyapilmasi Kaynaklar: Ders Kitab1 [1], 422-427. Ders|
Kitabi [2], 253-256.
IKonu Anlatimi: Seriler ile sayisal ¢o6ziim yontemleri: Birinci ve|
yliksek mertebeden Taylor seri yontemleri, Picard yontemi Seriler ile sayisal ¢ozim yontemlering
iligkin 6n bilgilerin hatirlanmast  ve
Smif-i¢i Uygulama (5 dk.): Niimerik hesaplamalarda dogruluk ve etkinlestirilmesi. Kaynak: [2], 1054-1059.
2 hata ile ilgili uygulamanimn yaptirilmasi Birinci ve yiiksek mertebeden Taylor seri
yontemleri ve Picard ydntemi konularini
Smif-i¢i Tartisgma (5 dk.): Niimerik hesaplamalarda dogruluk ve igeren boliimlerin okunmasi, Kaynaklar:
hata ile ilgili uygulamalar ve bunlarin karsilagtirilmasima iliskin| Ders Kitab1 [1], 427-432. Ders Kitab1 [2],
tartismanin yapilmast 257-265.
Konu Anlatimi: Tek adim yontemleri: Euler yontemi ve hata - . .
.. Tek adim sayisal ¢6ziim yontemlerine]
IAnalizi e . L
ilisgkin 6n bilgilerin hatirlanmas1  ve
Smif-ici Uygulama (5 dk.): Tek adim yntemleri: Euler ctkinlestirilmesi. Kaynak:"[Z], 659._665'
. LLowB Tek adim sayisal yontemleri: Eule
lyonteminin disiplinler aras1 uygulamasinin yaptirilmasi N .. . )
yonteminin matematiksel ve geometri
e A . .. yorumu konularini igeren bdoliimlerin|
T b a6 A e s sosenlert, Bl s, Kiynakr: D Kb 1) 52
tya o y ¢ g y 437. Ders Kitab1 [2], 266-269.
3 Kisa Sinav 1: (1. hafta ve 2. hafta derste
. islenen konular1) Kaynaklar: Ders Kitab
Klsa Smav 1 (ZQ dk.): .Ders sonunda, 1. hafta ve 2. hafta derste [1]. 427-429. Ders Kitabi [2], 250-266.
islenen konular1 igeren bir kisa sinavin yapilmasi
Knonu /.\nlatlml:" Deg{st1r11m1$ Euler yontemi, Euler or.ta nqkta Degistirilmis Euler yontemi, Euler orta
yontemi, Huen yontemi, geometrik yorumlart ve hata analizleri N . . T,
nokta yontemi, Huen yontemine iligkin 6
.. . e n . bilgilerin hatirlanmasi ve etkinlestirilmesi.
Smif-ici Uygu}ama .(5 dk): Deglstlrll'm.ls Euler yontemi, E?“?r Kaynaklar: Ders Kitab1 [1], 437-439. Ders
orta nokta yontemi, Huen yonteminin sayisal o6rneklerinin| .
4 disiplinler aras1 uygulamasinin yaptirtlmasi Kitab1 [2], 267-272.
Degistirilmis Euler yontemi, Euler orta
Smmf-i¢ci Tartisma (5 dk.): Degistirilmis Euler yontemi, Eulen nokta yontemi, Huen yontéml,.georpetrlk
N ) by S yorumlar1 ve hata analizlerini igere
orta nokta yontemi, Huen yontemi gibi tek adim sayisal apoe . ) .
ontemlerin disiplinlerarasi yapisinin tartisiimasi bolimlerin okunmast. Kaynak: Ders Kitabt
Y [2], 266-272.
Konu Anlatimi Runge Kutta yontemleri ve uygulamalar, hata Runge  Kutta  yoOntemlerinin  temell
5 kontrolii matematiksel alt yapisma iligkin  6n|

Smif-i¢ci Uygulama (5 dk.): Runge Kutta yontemleri ve hatal

bilgilerin hatirlanmasi ve etkinlestirilmesi.
Kaynaklar: [1], 794-811. [2], 25-61.
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kontroliiniin ~ yaklagik ¢6ziim yontemleri ilizerine sayisal
uygulamasinin yaptirilmasi

Smif-ici Tartisma (5 dk.) Runge Kutta yontemleri ve hatal
kontroliinde yaklasik ¢oziimlerin disiplinlerarasi bakis agisi ile
tartisiimasi

Runge Kutta yontemleri yaklagik ¢oziimleri
ve hata kontrolilyle ilgili bdliimleri
okunmasi. Kaynak: Ders Kitab1 [2], 273
289. Ders Kitab1 [1], 439-449.

IKonu Anlatimi: Cok adim yontemleri: dordiincii-derece Adams-
Moulton yontemi ve hata analizi

Smif-i¢ci Uygulama (5 dk.): Cok adim yontemleri yaklasik ¢oziim|
lyontemleri iizerine uygulamanin yaptirilmast

Smif-ici Tartisma (5 dk.) Cok adim yontemleri yaklagik ¢oziim|
lyontemlerinin disiplinlerarast bakis acisi ile tartigilmast

Kisa Smmav 2 (30 dk.): Ders sonunda, 5. hafta ve 4. hafta ve 3.
haftada derste islenen konulari iceren bir kisa sinavin yapilmasi

Cok adim yontemleri: Adams kestirm

yontemleri ve hata analizinin matematiksell
alt yapisina iliskin  6n  bilgileri

hatirlanmasi ve etkinlestirilmesi. Kaynak:
Ders Kitabi [2], 289-295.

Cok adim yontemleri: Adams kestirm

yontemleri ve hata Analizi konularin
iceren boliimlerin okunmasi. Kaynak: Ders
Kitab1 [1], 450-458.

Kisa Smav 2: (Euler yontemleri ve Rung

Kutta  yontemleri ve  uygulamalari
Kaynaklar: Ders Kitab1 [2], 266-389. Ders
Kitabi [1], 440-450.

Konu Anlatimi: U¢ adim Adams-Bashforth yontemi ve hata
lanalizi

Smif-i¢ci Uygulama (5 dk.): Adams kestirme yonteminin yaklasik]
cOzlimiiniin hesaplanmasiyla ilgili uygulama yaptirilmasi

Sinif-ici Tartisma (5 dk.): Adams kestirme yonteminin yaklasik|
cOziimlerinin tartisilmasi

Adams kestirme yontemleri ve hat
analizinin matematiksel alt yapisina iliski
on bilgilerin hatirlanmast vej
etkinlestirilmesi. Kaynaklar: Ders Kitabi
[1], 450-458. Ders Kitabi [2], 291-295.
Adams kestirme yontemleri ve hata analizi
konularmi igeren boliimlerin okunmasi.
Kaynaklar: Ders Kitab1 [1], 458-470. Ders|
Kitab1 [2], 295-301.

\Ara Smav 1

Smav haftasina kadar islenen konularn
tiimiiniin tekrar edilmesi

IKonu Anlatimi: Kestirici-diizeltici yontemler: Adams-Bashforth-
Moulton yontemi ve hata analizi

Smmf-i¢ci Uygulama (5 dk.): Kestirici-diizeltici ydntemler:
\Adams-Bashforth-Moulton yontemi ile uygulama yaptirtlmasi

Smif-i¢i Tartisma (5 dk.): Kestirici-diizeltici yontemler: Adams-
Bashforth-Moulton yonteminin yaklasik ¢éziimlerinin tartigilmasi

Kestirici-diizeltici  yontemler ve hat

analizinin matematiksel alt yapisina iligki

on bilgilerin hatirlanmast vej
etkinlestirilmesi. Kaynak: Ders Kitab1 [2],
167-178.

Kestirici-diizeltici  yontemler:  Adams-
Bashforth-Moulton yontemi ve hata analizi|
konularmi igeren boliimlerin  okunmasi.
Kaynaklar: Ders Kitab1 [1], 458-470. Ders|
Kitab1 [2], 301-306.

10

IKonu Anlatimi: Kestirici-diizeltici yontemler: Milne yontemi.

Sinif-ici Uygulama (5 dk.): Kestirici-diizeltici yontemler: Milne
lyontemiyle ve diger yontemlerle ilgili uygulama yaptirilmasi

Smif-i¢ci Tartisma (5 dk.): Kestirici-diizeltici yontemler: Milne)
yontemi ve diger yaklasik yontemleri arasindaki farklarin|
tartisilmasi

Kisa Smmav 3 (25 dk.): Son 2 dersin konusuyla ilgili kisa bir sinav|
lyapilmasi

Kestirici-diizeltici yontemler ve hat

Analizinin matematiksel alt yapisina iligki

on bilgilerin hatirlanmas1 vej
etkinlestirilmesi, Kaynak: Ders Kitab1 [1],
459-460.

Kestirici-diizeltici yontemler: Miln

yontemi ve hata Analizi konularini igeren|
boliimlerin okunmasi. Kaynaklar: Ders|
Kitab1 [1], 460-461. Ders Kitab1 [2], 307
313.

Kisa Sinav 3: (Adams kestirme yontemleri
Adams-Bashforth-Moulton yoéntemi ve hat:

analizleri) Kaynaklar: Ders Kitabi [2], 266-
315. Ders Kitabi [1], 458-470.

11

Konu Anlatimi: Verilen yo6ntemlerin yiiksek mertebeden|
diferansiyel denklemler ve adi diferansiyel denklem sistemlerinin|
yaklasik ¢oziimlerinde kullanilmast

Smmif-i¢ci Uygulama (5 dk.): Yiiksek mertebeden diferansiyel
denklemler ve adi diferansiyel denklem sistemlerinin yaklasik
cOzlimlerinin sayisal uygulamasinin yaptirtlmasi

Smif-ici Tartisjma (5 dk.): Yiiksek mertebeden diferansiyel
denklemler ve adi diferansiyel denklem sistemlerinin yaklasik ¢6z
cozlimlerinin disiplin i¢i ve disiplinlerarast uygulamalarina iligkin|
tartismanin yapilmasi

Yiiksek mertebeden diferansiyel
denklemler ve adi diferansiyel denkle

sistemlerinin yaklagik ¢oziimlerini igere
konularin  okunmasi, Kaynaklar: Ders|
Kitab1 [2], 316-320. Ders Kitab1 [1], 462-
476.

12

IKonu Anlatimi: Adi diferansiyel denklem sistemlerinin yaklasik]

cOziimleri

Adi diferansiyel denklem sistemlerini
¢oziimlerinin _matematiksel alt yapisin
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Simf-ici Uygulama (5 dk.): Adi diferansiyel denklem|
sistemlerinin yaklasik ¢oziimlerinin hesabiyla ilgili sayisal
uygulama yaptirilmasi

Smif-ici Tartisma (5 dk.): Adi diferansiyel denklem|
sistemlerinin  yaklagik ¢6ziimlerinin  hesaplanmasina iligkin|
tartismanin yapilmasi

Kisa Sinav 4 (20 dk.): Ders sonunda, 10. hafta ve 11. hafta derste|
islenen konular1 igeren bir kisa sinavin yapilmasi

iliskin 6n bilgilerin hatirlanmas1  ve
etkinlestirilmesi, Kaynak: Ders Kitab1 [1],
422-424.

Adi diferansiyel denklem sistemlerini
yaklasik  ¢Oziimleri  konularmi  igeren|
boliimlerin okunmasi, Kaynak: Ders Kitabi
[1], 476-479, Ders Kitab1 2, 320-322.

Kisa Smmav 4: Milne yontemi, yiikse
mertebeden diferansiyel denklemler ve adi
diferansiyel denklem sistemlerinin yaklasi
¢oziimleri. Kaynak: Ders Kitab1 [1], 422-
485.

Konu Anlatimi: Lineer Sinir deger problemlerinin ¢oziimleri:
IAtis yontemi

Smif-ici Uygulama: (5 dk.) Atis yontemi ile ilgili uygulamanin|
13 lyaptirtlmasi

Smif-ici Tartisma: (5 dk.) Atis yontemi ve hata analizlerinin|
disiplinler aras1 alanlarda uygulamalarinin tartigmasinin yapilmasi

Lineer  smir deger  problemlerini
¢oziimlerinin matematiksel alt yapisina
iliskin 6n bilgilerin hatirlanmas1  ve
etkinlestirilmesi. Kaynak: Ders Kitab: [2],
645-647.

Atis yontemi konularii iceren boliimleri
okunmasi. Kaynak: Ders Kitab1 [2], 647
653.

Konu Anlatimi: Lineer sinir deger problemlerinin ¢dziimleri:
Sonlu farklar yontemiyle ilgili temel bilgiler

Sinif-ici Uygulama: (5 dk.) Sonlu farklar yontemiyle ilgili temel
bilgileri igeren basit bir uygulama yaptirilmasi

Lineer  smir deger  problemlerini
¢ozlimlerinin matematiksel alt yapisina
iligkin on bilgilerin hatirlanmast  ve
etkinlestirilmesi, Kaynak: Ders Kitab1 [2],
653-657.

14 Sonlu farklar yoOntemiyle ilgili temel
Simif-i¢ci Tartisma: (5 dk.) Lineer sinir deger problemlerinin| bilgiler ~konularini iceren bdolimleri
cozlimleri: Sonlu farklar yontemiyle kulanim alanlarryla ilgili okunmasi. Kaynak: Ders Kitab1 [2], 657-
tartismasinin yapilmasi 667.

Genel tekrar ve uygulamalar
Smif-ici Uygulama (25 dk.): Islenen sayisal metodlar igin bir Matlab, Maple veya Python dillerinin|
15 6rnek bilgisayar programinin yaptirilmast birinde dersin konulari iizerine yapilacak
bir uygulamanin kodlarinin hazirlanmasi ve|
Sinif-ici Tartisma (5 dk.): Programlamanin bilinmesinin bu ders orneklendirilmesi.
icin Oneminin tartigilmasi
16 [Final Islenen konularin tiimiiniin tekrar edilmesi

AKTS iSYUKU TABLOSU

Etkinlikler Siiresi
(Saat)

Toplam Isyiikii

Ders Saati 4

56

Laboratuar

Uygulama (s6zlii Sinav)

Arazi Calismasi

Sinif Dis1 Ders Calismasi

Derse Ozgii Staj

Odev

Kiiciik Smavlar/Stiidyo Kritigi

Projeler

Sunum / Seminer

Ara Smavlar (Simav Siiresi + Smmav
Hazirlik Siiresi)
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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

DEPARTMENT / PROGRAMME

Mathematics

TITLE OF COURSE

Numerical Solutions of Ordinary Differential Equations

CODE

MAT4250

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 of Science in Mathematics
Elective @ Molecular Biology and Genetics Undergraduate Program

COURSE CATEGORY

Core Courses

MODE OF DELIVERY

Face-to-Face

OWNER ACADEMIC UNIT

Department of Mathematics

COURSE COORDINATOR

Nuran Giizel

ASSISTANT(S)

None

COURSE OBJECTIVES

This course aims to provide students with the skills to learn numerical methods for
calculating the solution of differential equations or differential equation systems
encountered in engineering and other applied sciences, in cases where the analytical
solution is difficult or impossible, or to provide students with the skills to numerically
analyze the results of experimentally obtained measurements.

COURSE CONTENT

Definition of ordinary differential equations; definition of initial value problems in
ordinary differential equations; elementary solution theory and basic concepts; numerical
solution methods with series; one-step methods; multi-step methods; predictive corrective
methods; higher order differential equations and approximate solutions of systems of
equations; solutions of linear boundary value problems with finite differences.

RECOMMENDED OR REQUIRED
READINGS

Coursebook:

[1] Cagal, Behig. Sayisal Analiz.Birsen Publishing, 1990.

[2] Burden, Richard L., Faires, J. Douglas. Numerical Analysis. 5th ed., Plus Publishing
Company, Boston, 1993.

Required Reading:

[1] Ross, Shepley L. Differantial Equations. 4th ed.,Wiley-India, 2010.

[2] Thomas, George. B., Weir, Maurice D., Hass, Joel and Giordano Frank R. Thomas’

Calculus. (Translator: Recep Korkmaz). Translated from 11th ed., Beta Publishing, 2009.

Recommended Reading:
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Atkinson, Kendall, Weimin, Han, Stewart David. Numerical Solution of Ordinary
Dufferential Equations. 2nd ed., Wiley-Interscience Publication, 2008.
Hildebrand, F. B. Introduction to Numerical Analysis. 2nd ed., Mc Graw Hill, 1974.

Upon successful completion of this course, students will be able to:

Recognize the numerical analysis of differential equations.

. Explain the mathematical background of numerical methods and what they may
Course Learning Outcomes encounter when using numerical methods.

Gain the ability to solve ordinary differential equations and systems without the
need for theoretical solutions.

Perform how to analyze errors in numerical methods.

Write the algorithm of numerical methods.

EVALUATION SYSTEM

| Activities Number Percentage of Grade

| Attendance/Participation H H

| Laboratory H H

| Field Work H H

| Application H H ‘

‘ Special Course Internship (Work Placement) H H

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

e  Format: Face-to-face multiple-choice quiz (15-30 minutes) 4 2420
e 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

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

e Detailed Assessment Criteria:
1 %40

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

Format: Face-to-face written exam. (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

WEEKLY SUBJECTS AND RELATED PREPARATION STUDIES

WEEKS

COURSE OUTLINE

Related Preparation

Lecture: Definition of ordinary differential equations,
definition of initial value problems in ordinaryj
differential equations, its elementary solution theories|
and basic concepts and theorems

Quick Practice (5 minutes): Students will wor
through simple examples illustrating the concepts o
accuracy and error in numerical calculations

[n-Class Discussion (5 minutes): Discussing the
importance of the concepts of error and mistake i
numerical calculations within mathematics and othe
disciplines

Recollection and activation of prior knowledge on the
concepts of the definitions basic concepts, solution
theory of ordinary differential equations. Sources:
Coursebook [2], 250-252. [1], 3-15.

Reading the sections that include the definition of
ordinary differential equations, the definition of initial
value problems in ordinary differential equations,
elementary solution theory and basic concepts and
theorems. Sources: Coursebook [1], 422-427.
Coursebook [2], 253-256.

Lecture: Numerical solution with series methods fo
ODE: First and higher order Taylor series methods,|
Picard method

Quick Practice (5 minutes): Students will wor
through simple examples illustrating the concepts on
accuracy and error in numerical calculations

In-Class Discussion (5 minutes): Discussing on the]
comparison of applications regarding accuracy and|
lerror in numerical calculations

Recollection and activation of prior knowledge on the
methods of the numerical solution using the taylor
series expand. Source: [2], 1054-1059.

Reading the sections covering topics of first and higher
order Taylor series methods and Picard method.
Sources: Coursebook [1], 427-432. Coursebook [2],
257-265.

Lecture: One-step Methods: Euler's Method and Erro
Analysis

Quick Practice (5 minutes): Students will appl
through simple examples illustrating the One-step
methods such as Euler's method

Class Discussion (5 minutes): Discussion on thel
geometric interpreting of numerical solutions of one-
step methods such as the Euler method

Quiz 1 (20 minutes): At the end of the lesson,
conducting a quiz that includes the topics covered in|
the course during thelst. week and 2nd week

Recollection and activation of prior knowledge on the
numerical solutions the one -step methods. Source: [2],
659-665.

Reading the sections covering the mathematical and
geometric  interpretation of one-step numerical
methods: Euler's method. Sources: Coursebook [1],
432-437. Coursebook [2], 266-269.

Ouiz 1: (the topics covered in the course during thelst.
week and 2nd week) Sources: Coursebook [1], 427-
429. Coursebook [2], 250-266.

Lecture: Modified Euler method, Euler midpoint
method, Huen method, geometric interpretations and
error analysis

Quick Practice (5 minutes): Students will appl

through simple examples illustrating the modified|

Reading the sections covering on the numerical
solutions and geometric interprets of modified Euler
method, Euler midpoint method, Heun method.
Sources: Coursebook [2], 267-272. Coursebook [1],
437-439.

(Form No: FR-0315; Revizyon Tarihi: 02.07.2015; Revizyon No:04)

Sayfa: 9/15



[Euler method, Euler midpoint method, Huen method

In-Class Discussion (5 minutes): discussion of th
structure of one-step numerical methods such as the]
modified Euler method, the Euler midpoint method, the]
Huen method

Lecture: Runge Kutta methods and applications, erro
checking

Quick Practice (5 minutes): Students will appl
through simple examples illustrating the numerical
application of Runge Kutta methods and error control
on approximate solution methods

In-Class Discussion (5 minutes) Discussion of Rung
Kutta methods and approximate solutions in erro
control from an interdisciplinary perspective

Recollection and activation of prior knowledge on the
basic mathematical background of Runge Kutta
methods. Sources: [1], 794-811. [2], 25-61.

Reading the sections covering on the numerical
solutions and geometric interprets of Runge Kutta
methods.  Sources:  Coursebook [2], 273-289.
Coursebook [1], 439-449.

[Lecture: Multi-Step methods: the fourth-order Adams-
Moulton technique and error analysis

Quick Practice (5 minutes): Students will appl
through simple examples illustrating the numerical
application of the fourth-order Adams-Moulto:
technique and error analysis

In-Class Discussion (5 minutes): Discussion of th
fourth-order Adams-Moulton technique and erro
analysis in error control from an interdisciplinar
[perspective

Quiz 2 (30 minutes): At the end of the lesson,
conducting a quiz that includes the topics covered in|
the course in the 5th week and 4th week

Recollection and activation of prior knowledge on the
basic mathematical background of multi-step methods:
The fourth-order Adams-Moulton technique and error
analysis. Source: Coursebook [2], 289-295.

Reading the sections covering on the numerical
solutions and geometric interprets of multi-step
methods: The fourth-order Adams-Moulton technique
and error analysis. Source: Coursebook [1], 450-458.
Quiz 2 (Euler Methods ve Runge Kutta Methods and
applications) Sources: Coursebook [2], 266-289.
Coursebook [1], 440-450.

Lecture: The three-step Adams-Bashforth technique

Quick Practice (5 minutes): Students will appl
through simple examples illustrating the numericall
application on calculating the approximate solution o
the three-step Adams-Bashforth technique

In-Class Discussion (5 minutes): Discussion o
approximate solutions to the three-step Adams-
Bashforth technique

Recollection and activation of prior knowledge on the
basic mathematical background of multi-step methods:
The three-step Adams-Bashforth technique and error
analysis, Sources: Coursebook [1], 450-458.
Coursebook [2], 291-295.

Reading the sections covering on the numerical
solutions and geometric interprets of the three-step
Adams-Bashforth technique and error analysis, Source:
Coursebook [1], 458-470. Coursebook [2], 295-301.

Midterm 1

Review of all the topics covered until the exam week

Lecture: Predictor-corrector methods:  Adams-]
Bashforth-Moulton method and error analysis

Quick Practice (5 minutes): Students will appl
through simple examples illustrating the numericall
application on calculating predictive-correctiv
methods: Adams-Bashforth-Moulton method

In-Class Discussion (5 minutes): Discussion o
approximate solutions of Predictive and corrective]
methods: The Adams-Bashforth-Moulton method

Recollection and activation of prior knowledge on the
basic mathematical background of predictor-corrector
methods:Adams-Bashforth-Moulton method and error
analysis. Source: Coursebook [2], 167-178.

Reading the sections covering on the numerical
solutions and geometric interprets of predictive-
corrective methods: Adams-Bashforth-Moulton
Method and error analysis. Source: Coursebook [1],
458-470. Coursebook [2], 301-306.

10

Lecture: Predictor-corrector methods: Milne method.

Quick Practice (5 minutes): Students will appl
through simple examples illustrating the numerical
application on calculating predictor-corrector methods;
Milne method

Class Discussion (5 minutes) Discussion of th
differences between the Milne method and othe
approximate methods

Recollection and activation of prior knowledge on the
basic mathematical background of Milne method and
error analysis. Source: Coursebook [1], 459-460.
Reading the sections covering on the numerical
solutions and geometric interprets of predictive-
corrective methods: Milne method and error analysis.
Sources: Coursebook [1], 460-461. Coursebook [2],
307-313.

Quiz 3: (the three-step Adams-Bashforth technique and
Predictor-Corrector  methods:  Adams-Bashforth-
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Quiz 3 (25 minutes): quiz on the topic of the 9th wee
and 7th week

Moulton method and error analysis) Sources:
Coursebook [2], 266-315. Coursebook [1], 458-470.

11

Lecture: The use of the given methods in approximate
solutions of higher-order differential equations an
systems of ordinary differential equations

Quick Practice (5 minutes): Students will appl
through simple examples illustrating the numerical
application of approximate solutions of higher orde
differential equations and systems of ordinary
differential equations

In-Class Discussion (5 minutes): Discussion on th
approximate solutions of high order differentia
lequations or systems of ordinary differential equations

Reading the sections covering on the numerical
solutions and geometric interprets of higher-order
differential equations and systems of ordinary
differential equations. Sources: Coursebook [2], 316-
320. Coursebook [1], 462-476.

12

Lecture: Approximate solutions of systems of ordina
differential equations

Quick Practice (5 minutes): Students will appl
through simple examples illustrating the numerical
application for the calculation of approximate solutions
of ordinary differential equation systems

Class Discussion (5 minutes): Discussion of th
calculation of approximate solutions of systems o
ordinary differential equations

Quiz 4 (20 minutes): At the end of the lesson,
conducting a quiz that includes the topics covered in|
the course during the 11th week and 12th week

Recollection and activation of prior knowledge on the
basic mathematical background of all approximate
solution methods given for ODE system. Sources:
Coursebook [1], 313-314.

Reading the sections covering on the numerical
solutions of systems of ordinary differential equations.
Sources: Coursebook [1], 476-479. Coursebook [2],
320-322.

Quiz 4: (Milne method, numerical solution for higher-
order differential equations and systems of ordinary
differential equations) Source: Coursebook [1], 422-
485.

13

Lecture: Solutions of linear boundary value problems:
Shooting method

Ouick Practice: (5 minutes): Students will appl
through simple examples illustrating the calculation o
approximate solutions of the shooting method

In-class Discussion: (5 minutes): Discussion of th
applications of the shooting method and error analysis|
in interdisciplinary fields

Recollection and activation of prior knowledge about
the mathematical background of the solutions of linear
boundary value problems. Source: Coursebook [2],
645-647.

Reading the chapters on the shooting method. Source
Coursebook [2], 647-653.

14

Lecture: Solutions of linear boundary value problems:
Basic knowledge of the finite difference method

Ouick Practice: (5 minutes): Students will appl
through simple examples illustrating the basic
information about the finite difference method

In-Class discussion: (5 minutes): Discussion of th
applications of solutions of finite difference method o
linear boundary value problems

Recollection and activation of prior knowledge about
the mathematical background of the solutions of linear
boundary value problems. Source: Coursebook [2],
653-657.

Reading the chapters on the introduction of the finite
difference method. Source: Coursebook [2], 657-667.

15

General repetition and applications.

Quick Practice (25 minutes): A sample compute
program for the numerical methods processed

In-Class Discussion (5 minutes): Discussion of th
importance of knowledge of programming for this|
course

Preparation and exemplification of the codes of an
application to be made on the topics of the course in
one of the Matlab, Maple or Python languages.

16

[Final

Repetition of all the topics covered
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ECTS WORKLOAD TABLE

—————T1
Activities Number Duration Total Workload
(Hour)

Course Hours H 56

Laboratory H

Application

Field Work

Study Hours Out of Class

Special Course Internship (Work Placement)

Homework Assignments

Quizzes/Studio Critics

Project

Presentations / Seminar

Mid-Terms (Examination Duration + Examination Prep. Duration) 20

Final (Examination Duration + Examination Prep. Duration) 15

Total Workload:

Total Workload / 30(h):

ECTS Credit:
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PS:-I 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.

[*N
[*N
10)]
10)]
19

PQ-Z Matematik alanindaki

teorik ve uygulamali
bilgilerini ve matematiksel
diigiinme becerilerini
kullanarak standart ve
karmagik matematiksel

problemleri tanimlayabilecek
ve analitik ve/veya sayisal
yontemlerle ¢ozebilecek ve
matematiksel bir Onermenin
gecerliligini  farklt  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

I
1w
I
I
I

skills.

Pg;-3 Matematik alanindaki
teorik ve uygulamal
bilgilerini ve matematiksel
diigiinme becerilerini

kullanarak gercek hayattaki
problemlerin ~ matematiksel
modellerini gelistirebilecek ve
bu  modelleri  kullanarak
problemlere gecerli ¢oziimler
iiretebileceklerdir. / 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.

=
(3N
[N
[N
[N
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PS‘-4 Disiplinlerarast bir

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

PS:-S Matematik alaninda
edindikleri bilgi birikimlerini
ve matematiksel diisiinme
becerilerini, teorik matematik,
yazilim, finans ve ydnetim
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.

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 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 geligsmeleri
izleyebilecek, kariyer
firsatlarini degerlendirerek
kisisel ve mesleki gelisim
hedeflerini belirleyebilecek ve
bu hedeflere ulasmak igin
hayat boyu 0grenme
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.

1w
[°N
1w
[F°N
1w

I
I
1
I~
I~

[°N
[°N
[°N
1))
[°N
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PC-8 Bilimsel
aragtirmalarint  ve  mesleki
faaliyetlerini yiiriitiirken
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.

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

Pg -10 Matematik alaninda

giivenilir bilgi kaynaklarina
ulasarak literatlir taramasi
yapabilecek ve akademik

1w
1w
1w
1w
1

arastirma tasarlayip
yiiriitebileceklerdir. /  Access - - - - -
reliable sources of

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

PS ;- 11 Matematiksel

konulari, teorileri, ispatlari,
aragtirmalart  ve  problem
¢Oziimlerini, matematik
terminolojisi kullanarak 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.

1@
1@
1@
I
I
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