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Dersin Tanimi

RISC-V mimarisi ve islemci tasarim dersi, RISC-V acik komut seti mimarisini ve RISC-
V'ye dayali islemci tasarimini kapsar. Kurs, temel sayisal tasarimlardan ve sinyallerden
RISC-V komut seti mimarisine ve islemcisine, programlama ortamina, 6nyikleme
koduna ve derleyiciye kadar bir RISC-V islemci tasariminin uygulamali olarak]

anlasiilmasini saglar. Ayrica, ders islemci mimarisi tasarimindaki tercihleri, cevre|

mimarilerine deginir. Bu nedenle, modern bir mimarinin yukaridan asagiya
anlasiilmasini amaglar. Dersi tamamladiktan sonra 6grenciler kendi RISC-V tabanl
islemcilerini tasarlayabilecektir.

birimleri, sirasiz islem yapabilen islemcileri, vektor mimarileri vb. gibi gelismis i§Iemci‘

(Course Description)

RISC-V architecture and processor design course covers the RISC-V open instruction
set architecture and processor design based on RISC-V. The course provides hands-on
understanding of a RISC-V processor design from the underlying digital designs and
signals to the RISC-V instruction set architecture and processor to the programming
environment, boot code, and compiler. Furthermore, it covers the trade-offs in
processor architecture design, peripheral devices, and touches on advanced
processor architectures like out-of-order processors, vector architectures, etc.
Therefore, it aims for a top-to-bottom understanding of a modern RISC-V processor|
system. Upon completion, students should be able to design their own processors
based on RISC-V.




Dersin Amaci

(Course Objectives)

Ders asagidaki hedefleri 6grenmeyi amaclar;
1. RISC-V agik kaynakli ISA
2. RISC-V'ye dayali islemci tasariminin temelleri
3. islemciile programci arasindaki donanim-yazilim arayizi
4. gelismis islemci mimarileri hakkinda giris seviyesi bilgi

Course learning objectives are the understanding of;
1. the RISC-V open-source ISA
2. fundamentals of processor design based on RISC-V
3. hardware-software interface between a processor and a programmer
4. abstract knowledge on advanced processor architectures

Dersin Ogrenme
Ciktilan

(Course Learning
Outcomes)

Dersi basari ile tamamlayan 6grenciler sunlari yapabilecektir:
I.  RISC-V ISA'yi ve islemci tasarimiyla iliskisini anlamak.
Il.  Cevre birimleriyle birlikte temel bir RISC-V islemci tasarlamak.
. Tasarlanan islemciler icin uygulamalar (C ve assembly) gelistirmek.
Iv. Yiiksek performansliislemci tasarimlarina iliskin giris bilgilerini edinmek.

Students who pass the course will be able to:
I Understand the RISC-V ISA and its relationship with the processor design.
1. Design a basic RISC-V processor together with its peripheral units.
1. Develop assembly and C applications for the designed processors.
V. Obtain the introductory knowledge on high-performance processor

designs




DERS PLANI

Dersin
Hafta Konular Ogrenme
Ciktilar
1 Sayisal devre tasarimi ve mantik sistemlerinin gézden gecirilmesi, donanim tasarlama !
dilleri (Verilog, SystemVerilog)
2 Donanim tasarlama dilleri (Verilog, SystemVerilog) -l
3 Komut seti mimarileri ve RISC-V -
RISC-V komut seti mimarisi ve programlama -1l
4
5 RISC-V islemci tasarimi: mikro mimariye genel bakis, tek dongii ve ardisik diizen I-1I-1vV
mimarileri
6 RISC-V islemci tasarimi: kisitlamalar ve ylritme birimleri ey
7 RISC-V islemci tasarimi: bellek hiyerarsisi ve dnbellek tasarimi I-1I-1vV
8 RISC-V islemci tasarimi: getir birimi ve dal tahmincileri I-11-1V
9 RISC-V islemci tasarimi: sanal bellek I-11-1V
10 RISC-V islemci tasarimi: ¢coklu yiritme I-11-1V
11 islemci ara baglantilarina ve G/C'ye giris I-1I-1vV
12 islemci ara baglantilari ve gevre birimleri -1I-1IV
S klu'i khigl i mimarileri
13 irasiz ve ¢oklu is pargacikli islemci mimarileri v
14 Vektor, VLIW ve GPU mimarileri \Y;
COURSE PLAN
Course
Weeks Topics Learning
Outcomes
1 Review of digital circuit design, logic systems, hardware description languages '
(Verilog, SystemVerilog)
) Hardware description languages (Verilog, SystemVerilog) i
3 Instruction set architectures and RISC-V LI
4 RISC-V instruction set architecture and programming -
5 RISC-V processor design: microarchitecture overview, single cycle vs. pipelined I-11-1V
architectures
6 RISC-V processor design: hazards and execution units ey
7 RISC-V processor design: memory hierarchy and cache design I-1I-1vV
8 RISC-V processor design: fetch unit and branch predictors I-1I-1vV
9 RISC-V processor design: virtual memory I-1I-1vV
10 RISC-V processor design: superscalar execution I-11-1V
11 Introduction to processor interconnects and I/0 I-1I-1V
12 Processor interconnects and peripherals I-1I-1IvV
13 Out-of-order, multi-thread processor architectures "
14 Vector, VLIW, and GPU architectures v




Dersin Elektronik ve Haberlesme Miihendisligi Ogrenci Ciktilaniyla iligkisi

Katki
Programin mezuna kazandiracagi bilgi ve beceriler (programa ait ciktilar) Seviyesi
1| 2] 3
Mihendislik, fen ve matematik ilkelerini uygulayarak karmasik miihendislik problemlerini belirleme, X
formiile etme ve ¢ézme becerisi.
Kiresel, kiltirel, sosyal, gevresel ve ekonomik etmenlerle birlikte 6zel gereksinimleri saglik, glivenlik ve X
refahi g6z 6nline alarak ¢6zim Ureten mihendislik tasarimi uygulama becerisi.
Farkli dinleyici gruplariyla etkili iletisim kurabilme becerisi. X
Miihendislik gérevlerinde etik ve profesyonel sorumluluklarin farkina varma ve miihendislik ¢éziimlerinin X
kiresel, ekonomik, cevresel ve toplumsal baglamdaki etkilerini g6z 6ntinde bulundurarak bilingli kararlar
verme becerisi.
Uyeleri birlikte liderlik saglayan, isbirlikci ve kapsayici bir ortam yaratan, hedefler belirleyen, gérevleri X
planlayan ve hedefleri karsilayan bir ekipte etkili bir sekilde ¢alisma yetenegi becerisi.
Ozgiin deney gelistirme, yiiriitme, verileri analiz etme ve yorumlama ve sonug ¢ikarmak igin mithendislik X
yargisini kullanma becerisi.
Uygun 6grenme stratejileri kullanarak ihtiya¢ duyuldugunda yeni bilgi edinme ve uygulama becerisi. X
Olgek:  1:Az, 2:Kismi, 3:Tam
Relationship of the Course to Electronics and Communication Engineering Student Outcomes
Level of
Program Student Outcomes Contribution
1 2 3
An ability to identify, formulate, and solve complex engineering problems by applying principles of X
engineering, science, and mathematics.
An ability to apply engineering design to produce solutions that meet specified needs with consideration X
of public health, safety, and welfare, as well as global, cultural, social, environmental, and economic
factors.
An ability to communicate effectively with a range of audiences. X
An ability to recognize ethical and professional responsibilities in engineering situations and make X
informed judgments, which must consider the impact of engineering solutions in global, economic,
environmental, and societal contexts.
An ability to function effectively on a team whose members together provide leadership, create a X
collaborative and inclusive environment, establish goals, plan tasks, and meet objectives.
An ability to develop and conduct appropriate experimentation, analyze and interpret data, and use X
engineering judgment to draw conclusions.
An ability to acquire and apply new knowledge as needed, using appropriate learning strategies. X

Scaling: 1: Little, 2: Partial, 3:Full
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