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Dersin Adi

Course Name

Kismi Diferansiyel Denklemlerin Sayisal Coziimleri

Numerical Solutions of PDE’s

Ders Seviyesi
Kodu Yariyih Kredisi AKTS Kredisi (Course Level)
(Code) (Semester) (Local Credits) (ECTS Credits)
HBMO604E Bahar 3 7.5 Doktora
(Spring) (Ph.D.)
Lisansiistii Program | Hesaplamali Bilim ve Miihendislik
(Graduate Program) (Computational Science and Engineering)
Dersin Tiirii Se¢meli Dersin Dili Ingilizce/Tiirkge
(Course Type) (Elective) (Course Language) (English/Turkish)

Dersin icerigi
(Course Description)

30-60 kelime arast

Eliptik Parg¢a Tiirevli Denklemler, Parabolik Par¢a Tiirevli Denklemler, Fark denklemleri, Kararlilik analizi,
Hiperbolik Parga Tiirevli Denklemler, Karakteristikler yontemi, Birinci Mertebe Fark Semalar1, Yiiksek
Mertebe Semalar (Lax-Wendroff Semasi, Mac Cormack Semasi, Third-order upwind Semasi), Dogrusal
Olmayan Hiperbolik PDE’ler I¢in Sayisal Semalar (Lax-Wendroff Semas1, Courant-Isaacson-Rees Semast,
Mac Cormack Semasi, Beam-warning Implicit Semasi, Flux-corrected Semalart)

Elliptic Partial Differential Equations, Parabolic Partial Differential Equations, Difference Equations,
Stability Analysis, Hyperbolic Partial Differential Equations, Method of Characteristics, First Order
Difference Schemes, Higher Order Schemes (Lax-Wendroff Scheme, Mac Cormack Scheme, Third-order
upwind Scheme), Nonlinear Hyperbolic Schemes (Lax-Wendroff Scheme, Courant-Isaacson-Rees Scheme,
MacCormack Scheme, Beam-warning Implicit Scheme, Flux-corrected Schemes)

Dersin Amaci
(Course Objectives)

Maddeler halinde 2-5 adet

1. Kismi tiirevli denklemlerin sayisal c6ziim yontemlerinin 6gretilmesi.

2 Kismi tiirevli denklem &rneklerinin sunulmast.

1. To teach the numerical solution of partial differential equations (PDEs).
2 To present several PDE models.

Dersin Ogrenme
Ciktilarn

(Course Learning
Outcomes)

Maddeler halinde 4-9 adet

Bu dersi basarryla tamamlayan yiiksek lisans/doktora dgrencileri asagidaki konularda bilgi, beceri ve
yetkinlik kazanirlar;

1. Kismi tiirevli denklemler hakkinda genel bilgi ve kurama egemen olma.

2. Karsilasilan kismi tiirevli denklem i¢in uygun sayisal ¢6ziim yontemine karar verebilme ve ilgili
yontemi uygulayabilme.

3. Codziimlerin sayisal dogruluk ve kararlilik ¢6ziimleyimlerini yapabilme.

4. Programlama becerisinin gelistirilmesi.

M.Sc./Ph.D. students who successfully pass this course gain knowledge, skill and competency in the
following subjects;

1. Having brief knowledge on the general information and the theory of partial differential equations

2. To construct and implement the appropriate solution methods for the encountered partial
differential equation.

3. To achieve the analysis of numerical accuracy and the stability features of the solutions.

4. To improve programming skills.




Kaynaklar
(References)

En onemli 5 adedini belirtiniz

1) DeChateau, P. ve Zachmann, D. (2002), Applied Partial Differential
Equations, 1. Baski, Dover Publications.
2) Fritz, J. (1978), Partial Differential Equations, 3. Baski, Springer —

Verlag.

3) Myint-U, T. ve Debnath, L. (2007), Linear Partial Differential
Equations for Scientists and Engineers, 4. Baski, Birkhauser.

4) Smith, G. D., (2004), Numerical Solution of Partial Differential
Equations: Finite Difference Methods, 3. Baski, Oxford University

Press

5) Morton, K. W. ve Mayers, D., (2005), Numerical Solution of Partial
Differential Equations, 2. Baski, Cambridge University Press

Odevler ve Projeler

(Homework & Projects)

5 Odev, 2 Proje

5 Homeworks, 2 Projects

Laboratuar Uygulamalar

(Laboratory Work)

Bilgisayar Kullanimi

(Computer Use) Dersinizde

MUPAD / Octave / Fortran / C / C++ / Python

kullnadiginiz yazilim ve simulasyon

programlari yazilabilir

MUPAD / Octave / Fortran / C / C++ / Python

Diger Uygulamalar

(Other Activities)

Basar1 Degerlendirme
Sistemi

(Assessment Criteria)

Faaliyetler
(Activities)

Adedi*
(Quantity)

Degerlendirmedeki Katkisi, %
(Effects on Grading, %)

Y1l i¢i Siavlan
(Midterm Exams)

1

%15

Kisa Smavlar
(Quizzes)

Odevler
(Homework)

%25

Projeler
(Projects)

%20

Dénem Odevi/Projesi
(Term Paper/Project)

Laboratuar Uygulamasi
(Laboratory Work)

Diger Uygulamalar
(Other Activities)

Final Sinav1
(Final Exam)

%40

*Yukarida Belirtilen Sayilar Minimum Olup Yerine Getirilmesi Zorunludur.




DERS PLANI

Dersin
Hafta Konular Ciktilan
1 Kismi tiirev: Ilgili tanimlar ve kavramlar 1
2 Birinci kerte kismi tiirevli denklemler 1,3
3 Birinci kerte kismi tiirevli denklemler, baslangi¢ yiizeyleri ve konaclar,belirtkeler yontemi 1,2,3.4
4 Baslangi¢ kosullu, birinci kerte kismi tiirevli dogrusal denklemlerde ¢oziim uygulamalar: 1,2,3.4
5 Baslangi¢ kosullu, birinci kerte kismi tiirevli neredeyse dogrusal denklemlerde ¢6ziim 1,2,3.4
uygulamalari
6 Eliptik kismi tiirevli denklemlerde sonlu farklar yaklasimlari, sonlu elemanlar yontemi ve fark 1,2,3
denklemleri i¢in timlevleme Y dntemleri.
7 Eliptik kismi tiirevli denklemlerde sonlu farklar yaklagimlari, sonlu elemanlar yontemi ve fark 1,2,3.4
denklemleri i¢in tiimlevleme yontemleri.
8 Parabolik kismi tiirevli denklemlerde fark denklemleri (Euler yontemleri, Crank-Nicholson yontemi ) 1,2,3,4
9 Parabolik kismi tiirevli denklemler, kararlilik analizleri (Ozislev yéntemi, Fourier agilim1 yontemi, dizey 1,2,3
yontemi).
10 Hiperbolik kismi tiirevli denklemler, belirtgeler yontemi 1,2,3
11 Hiperbolik kismi tiirevli denklemler ,birinci mertebe fark semalart 1,2,3,4
12 Dogrusal olmayan Hiperbolik kismi tiirevli denklemler i¢in sayisal semalar. 1,2,3,4
13 Dogrusal olmayan Hiperbolik kismi tiirevli denklemler igin sayisal semalar 1,2,3,4
14 Uygulamalar 2,34
COURSE PLAN
Course
Weeks Topics Qutcomes
1 Partial differentiation: Brief introduction 1
2 First order partial differential equations 1,3
3 First order partial differential equations, initial surfaces and coordinates, method of 1,2,3,4
characteristics
4 First order linear partial differential equations, applications of initial value problems 1,2,3,4
5 First order quasi linear partial differential equations, applications of initial value problems 1,2,3,4
6 Elliptic partial differential equations, finite difference method, finite element method 1,2,3
7 Elliptic partial differential equations, integration methods for difference equations 1,2,3,4
8 Parabolic partial differential equations, finite difference equations 1,2,3,4
9 Parabolic partial differential equations, stability (Eigen function method, Fourier series 1,2,3
method, matrix method)
10 Hyperbolic partial differential equations, method of characteristics. 1,2,3
11 Hyperbolic partial differential equations, first order difference schemes 1,2,3,4
12 Numerical methods for nonlinear hyperbolic partial differential equations 1,2,3,4
13 Numerical methods for nonlinear hyperbolic partial differential equations 1,2,3,4
14 Applications 2,3,4

NOT-1: Ders plani, sadece hafta bazinda islenen ders konularini icermeli, ara ve

kisa sinavlar ders planlarina yazilmamahdir.




Dersin Hesaplamal Bilim ve Miihendislik Programiyla liskisi

Programin mezuna kazandiracag bilgi, beceri ve yetkinlikler (programa ait c¢iktilar)

Katki

Seviyesi

1

2

3

Yuksek lisans diizeyi yeterliliklerine dayali olarak, Hesaplamali Bilim ve Mihendislik
Programindaki bilgilerini uzmanlik diizeyinde gelistirebilme ve derinlestirebilme (yeterli
bilgi birikimi) (bilgi).

X

ii.

Alaninin iligkili oldugu disiplinler arasi etkilesimi kavrayabilme (bilgi).

iii.

Alaninda edindigi uzmanlik dizeyindeki kuramsal ve uygulamali bilgileri
kullanabilme(beceri).

|

iv.

Alaninda edindigi bilgileri farkli disiplin alanlarindan gelen bilgilerle bittunlestirerek
yorumlayabilme ve yeni bilgiler olusturabilme (beceri).

Alanini ile ilgili karsilasilan sorunlari arastirma ydntemlerini kullanarak ¢éziimleyebilme
(beceri).

vi.

Alanini ile ilgili uzmanlik gerektiren bir galismayi bagimsiz olarak yuritebilme (Bagimsiz
Calisabilme ve Sorumluluk Alabilme Yetkinligi)

vii.

Alani ile ilgili uygulamalarda karsilagilan ve 6ngérilemeyen karmasik sorunlarin ¢ézimu
icin yeni stratejik yaklasimlar gelistirebilme ve sorumluluk alarak ¢6zim Uretebilme
(Bagimsiz Caligabilme ve Sorumluluk Alabilme Yetkinligi).

viii.

Alanindaki glincel gelismeleri ve kendi ¢galismalarini, nicel ve nitel veriler ile
destekleyerek, alanindaki ve alan digindaki gruplara, yazili, s6zlu ve gorsel olarak
sistemli bicimde aktarabilme (lletisim ve Sosyal Yetkinlik).

ix.

Bir yabanci dili en az Avrupa Dil Portfoyl B2 genel diizeyinde kullanarak sozli ve yazili
iletisim kurabilmek (lletisim ve Sosyal Yetkinlik).

Alaninin gerektirdigi dizeyde bilgisayar yazilimi ile birlikte bilisim ve iletisim teknolojilerini
ileri dizeyde kullanabilme (lletisim ve Sosyal Yetkinlik)

xi.

Alani ile ilgili verilerin toplanmasi, yorumlanmasi, uygulanmasi ve duyurulmasi
asamalarinda toplumsal, bilimsel, klturel ve etik degerleri g6zeterek denetleyebilme ve
bu degerleri 6gretebilme (Alana Ozgii Yetkinlik).

xii.

Alanti ile ilgili konularda strateji, politika ve uygulama planlari gelistirebilme ve elde edilen
sonuglari, kalite siregleri gergevesinde degerlendirebilme (Alana Ozgii Yetkinlik).

xiii.

Alaninda 6zumsedikleri bilgiyi, problem ¢ézme ve/veya uygulama becerilerini,
disiplinlerarasi galismalarda kullanabilme (Alana Ozgii Yetkinlik).

xiv.

Hesaplamali Bilim ve Mihendislik Programinda, kendi ¢alismalarini, alanindaki
uluslararasi platformlarda, yazili, sézll ve/veya gorsel olarak aktarabilme (Alana 6zgii
yetkinlik).

1: Az, 2. Kismi, 3. Tam




Relationship between the Course and Computational Science and Engineering Program

Level of
Program Outcomes Contribution
1 2 3
i Developing and intensifying knowledge in the Computational Science and Engineering X
program’s area, based upon the competency in the M.S. level (sufficient knowledge)
(knowledge).
ii. ] Grasping the inter-disciplinary interaction related to one’s area (knowledge). X
iii. | The ability to use the expert-level theoretical and practical knowledge acquired in the X
area (skill).
iv. | Interpreting and forming new types of knowledge by combining the knowledge from X

the area and the knowledge from various other disciplines (skill).

v. | Solving the problems faced in the area by making use of the research methods (skill). | X

vi. | The ability to carry out a specialistic study related to one’s area independently.
(Competence to work independently and take responsibility).

vii. | Developing new strategic approaches to solve the unforeseen and complex problems
arising in the practical processes of one’s area and coming up with solutions while
taking responsibility (Competence to work independently and take responsibility).

viii. | Systematically transferring the current developments in the area and one’s own work | X
to other groups in and out of the area; in written, oral and visual forms
(Communication and Social Competency).

ix. | Proficiency in a foreign language —at least European Language Portfolio B2 Level- and | X
establishing written and oral communication with that language (Communication and
Social Competency).

x. | Using the computer software together with the information and communication X
technologies efficiently and according to the needs of the area (Communication and
Social Competency).

xi. | Paying regard to social, scientific, cultural and ethical values during the collecting, X
interpreting, practicing and announcing processes of the area related data and the
ability to teach these values to others (Area Specific Competency).

xii. | Developing strategy, policy and application plans concerning the subjects related to
the area and the ability to evaluate the end results of these plans within the frame of
quality processes (Area Specific Competency).

xiii. | Using the knowledge and the skills for problem solving and/or application (which are X
processed within the area) in inter-disciplinary studies (Area Specific Competency).

xiv. | In the Computational Science and Engineering program, the ability to present one’s
own work within the international environments orally, visually and in written forms
(Area Specific Competency).

1: Little, 2. Partial, 3. Full

NOT-2: Ders ile ilgisi olmayan ¢iktilarin bos birakilmasi gerekmektedir.

Diizenleyen (Prepared by) Tarih (Date) Imza (Signature)




