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Ders Seviyesi

Kodu Yariyih Kredisi AKTS Kredisi (Course Level)
(Code) (Semester) (Local Credits) (ECTS Credits)
HBMS513E Giliz 3 7.5 YL
(Fall (M.Sc.)

Lisansiistii Program
(Graduate Program)

Hesaplamali Bilim ve Miihendislik
(Computational Science and Engineering)

Dersin Tiirii
(Course Type)

Dersin Dili
(Course Language)

Ingilizce
(English)

Zorunlu
(Compulsory)

Dersin icerigi
(Course Description)

30-60 kelime arast

Kosutluga giris. Kosut programlamanin ilkeleri. Kosut hesaplama mimarileri. Isletim sistemi ve bellek
hiyerarsisi. Onbellekler, sanal bellek ve programlama performansi. Mesaj aktarimli hesaplama: noktadan
noktaya, toplu haberlesmeler. Kosut algoritma 6rnekleri. Kosut teknikler: boliitleme, ardigiklastirma,
eszamanl hesaplamalar, yiik dengeleme. {leri 6rnekler. Ortak bellekle programlama: mimari, izlekler,
paylasilmig veriye erisim, onbellek esevreli sistemler. OpenMP ile programlama.

Introduction to parallelism. Principles of parallel programming. Parallel Computing Architectures, OS and
Memory Hierarchy. Caches, Virtual Memory and Programming Performance. Message Passing Computing:
point-to-point, collective communications. Parallel algorithm examples. Parallel Techniques: partitioning,
pipelining, synchronous computations, load balancing. Advanced examples. Programming with shared
memory: architecture, threads, accessing shared data, cache coherence systems. Programming with
OpenMP.

Dersin Amaci
(Course Objectives)

Maddeler halinde 2-5 adet

1. Kosut hesaplama alaninda temel bilgi ve becerilerin kazandirtlmasi.
Orta ve biiyiik 6l¢ekli bilimsel ve miithendislik problemlerinin ¢dziimiinde kullanilan
geleneksel ve modern sayisal yontemlerin kogutlamasi tasariminin ve analizinin §gretilmesi.

3. Kosut algoritmalarin ¢esitli hesaplama platformlarinda kosturulmasi igin gerekli araglarin ve
yontemlerin tanitilmasi.

4. Biyiik olgekli dagitik, ortak bellekli, dagitik-ortak bellekli sunucu sistemlerinde gelistirilen
algoritmalarin uygulamalarina yonelik becerilerin kazandirilmast.

5. Biiyiik 6lgekli kosut sunucu sistemlerini 6grencilere uygulamali olarak tanitmak.

To gain basic knowledge and skills in the field of parallel computing

To teach the design and analysis of parallelizing the traditional and modern numerical

methods used in the solution of medium and large-scale scientific and engineering problems

3. To introduce the necessary tools and methods required for the running of parallel algorithms
on various computing platforms

4. To gain the elementary skills required for running the designed algorithms on large scale
distributed, shared-memory and distributed-shared memory server systems

5. To introduce hands-on large scale parallel server systems to students.

N =

Dersin Ogrenme
Ciktilar

(Course Learning
Outcomes)

Maddeler halinde 4-9 adet

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

Kosut algoritmalar1 anlamasi, kullanabilmesi ve olasi sinirlayici faktorleri bilmesi.

Verilen bir problemin kosut bir sunucu sistemine tasinmasi durumunda potansiyel kazanim

boyutunu genel terimleriyle anlamasi.

Verilen bir problem i¢in uygun bir kosut algoritma segebilmesi.

Kosut algoritma olusturmak i¢in gerekli araglari tanimasi ve dgrenmesi.

Dagitik sunucu sistemlerinde kosut algoritma yazabilmesi ve ¢aligtirabilmesi.

Paylagim bellekli sunucu sistemlerinde kosut algoritma yazabilmesi ve ¢aligtirabilmesi.

Biiyiik dl¢ekli yeni teknoloji sunucu sistemlerinin donanim altyapist hakkinda bilgi sahibi

olmak.

N =

NNk W

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

Understand and use of parallel algorithms and know the possible bounding factors.

Understand in general terms, the size of the potential gains for a given problem when ported

to a parallel server system.

Choose a suitable parallel algorithm for a given problem

Get to know and learn the necessary tools for constructing the parallel algorithms.

Be able to write and run the parallel algorithms in distributed server systems.

Be able to write and run the parallel algorithms in shared-memory server systems.

To gain a background on hardware components of a high-end large scale server systems.

N =

NN kW




Kaynaklar
(References)

En onemli 5 adedini belirtiniz

—_

Wilkinson, B. ve Allen, M. (1999). Parallel Programming, Prentice Hall.

2. Pacheco, P.S. (1997). Parallel Programming With MPI, Morgan Kaufmann.
3. Arbenz, P. ve Petersen, W. (2004). Introduction to Parallel Computing,

Oxford University Press.

4. Gropp,W., Lusk, E. ve Skjellum, A. (1999). Using MPI, MIT Press.
5. Grama, A., Gupta, A., Karypis, G. ve Kumar, V. (2003). Introduction to
Parallel Computing, 2. Baski, Pearson & Addision Wasley.

Odevler ve Projeler

(Homework & Projects)

2 ODEV, | DONEM PROJEST

2 HOMEWORKS, 1 TERM PROJECT

Laboratuar Uygulamalar

(Laboratory Work)

Bilgisayar Kullanimi

(Computer Use) Dersinizde

MPI, OPENMP, C, C++ VE F90 DERLEYICILERI, INTEL C VE C++ COMPILER,
INTEL MPI COMPILER, TAU, INTEL TRACE ANALIZCiSi, ECLIPSE IDE
EDITOR, BATCH BETIGI, LSF BETiGI, JUMPSHOT, VAMPIR.

kullnadiginiz yazilim ve simulasyon

programlari yazilabilir

MPI, OPENMP, C, C++ AND F90 COMPILERS, INTEL C AND C++ COMPILER,
INTEL MPI COMPILER, TAU, INTEL TRACE ANALYZER, ECLIPSE IDE
EDITOR, BATCH SCRIPTING, LSF SCRIPTING, JUMPSHOT, VAMPIR.

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 Simavlar
(Quizzes)

10%

Odevler
(Homework)

20%

Projeler
(Projects)

Dénem Odevi/Projesi
(Term Paper/Project)

15%

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 Kosutluga giris 1,2,4
2 Kosut hesaplama mimarileri 1,2,5,6,7
3 Bellek hiyerarsisi 1,3,5,6,7
4 Onbellek, sanal bellek ve programlama performansi 1,3,5,6,7
5 Mesaj aktarimli hesaplama I: noktadan noktaya, eszamanli, eszamansiz mesaj aktarimi 1,2,5.6
6 Mesaj aktarimli hesaplama II: Tamponlu, tamponsuz haberlesme, toplu haberlesmeler 1,2,5,6
7 Kosut Teknikler I: Miikemmel diizeyde kosut algoritmalar, ideal kosut hesaplama 1,3,5
8 Kosut Teknikler II: Boliitleme, b6l ve yonet stratejileri, ardisiklastirilmis hesaplamalar 1,3,5
9 Kosut Teknikler III: Es zamanli ve veri kosut hesaplamalar 1,3,5
10 Kosut Teknikler IV: Dinamik yiik dengeleme ve sonlandirma tespit algoritmalar: 1,3,5
11 Paylasim Bellekli Programlama I: Mimari, izlekler, paylasilmis veri, dnbellek esevreli 1,3,4,6
12 Paylasim Bellekli Programlama II: OpenMP’ye giris, talimatlar ve degisken paylagimi 1,3,4,6
13 Paylasim Bellekli Programlama III: Merakli, dizin, dagitik dizin tabanli 6nbellek esevreli 1,3,4,6
sistemler
14 Tamamlayici Ders + Dénem Projesi Sunumlart 1,2,3.4,5,
6,7
COURSE PLAN
Course
Weeks Topics Qutcomes
1 Introduction to parallelism 1,2.4
2 Parallel computing architectures 1,2,5,6,7
3 Memory hierarchy 1,3,5,6,7
4 Cache, virtual memory and programming performance 1,3,5,6,7
5 Message Passing Computing I: point-to-point, synchronous, asynchronous message passing 1,2,5,6
6 Message Passing Computing II: Buffered, non-buffered comm., collective communications 1,2,5.6
7 Parallel Techniques I: Embarrassingly parallel algorithms, ideal parallel computation 1,3,5
8 Parallel Techniques II: Partitioning, divide and conquer strategies, pipelined computations 1,3,5
9 Parallel Techniques III: synchronous and data parallel computations 1,3,5
10 Parallel Techniques IV: Dynamic load balancing and termination detection algorithms 1,3,5
11 Programming with shared memory I: Architecture, threads, shared data, cache coherence 1,3,4,6
12 Programming with shared memory II: Introduction to OpenMP, directives and variable sharing 1,3,4,6
13 Programming with shared memory III: Snoopy, directory and distributed directory based cache 1,3,4,6
coherence systems
14 Complementary Lecture +Term Project Presentations 1,2,3,4,5,6,
7

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

kisa sinavlar ders planlarina yazilmamahdir.




Dersin Hesaplamal Bilim ve Miihendislik Programiyla liskisi

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

Katki

Seviyesi

1

2

3

Lisans dizeyi 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 butlinlestirerek
yorumlayabilme ve yeni bilgiler olusturabilme (beceri).

Alani ile ilgili kargilasilan sorunlari arastirma yontemlerini kullanarak ¢éziimleyebilme
(beceri).

vi.

Alanti ile ilgili uzmanlik gerektiren bir calismayi bagimsiz olarak yurutebilme (Bagimsiz
Calisabilme ve Sorumluluk Alabilme Yetkinligi)

vii.

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

viii.

Alanindaki glincel gelismeleri ve kendi ¢alismalarini, nicel ve nitel veriler ile
destekleyerek, alanindaki ve alan digindaki gruplara, yazili, s6zli ve gorsel olarak
sistemli bicimde aktarabilme (lletisim ve Sosyal Yetkinlik).

ix.

Bir yabanci dili en az Avrupa Dil Portfoyl B2 genel dlizeyinde kullanarak sozll 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

Program Outcomes

Level of
Contribution

1

2

3

Developing and intensifying knowledge in the Computational Science and Engineering
program’s area, based upon the competency in the undergraduate level (sufficient
knowledge) (knowledge).

X

ii.

Grasping the inter-disciplinary interaction related to one’s area (knowledge).

ii.

The ability to use the expert-level theoretical and practical knowledge acquired in the
area (skill).

iv.

Interpreting and forming new types of knowledge by combining the knowledge from
the area and the knowledge from various other disciplines (skill).

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

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
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
establishing written and oral communication with that language (Communication and
Social Competency).

Using the computer software together with the information and communication
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,
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
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)

Prof. Dr. M. Serdar Celebi




