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HAz4w it Course Description

This course explores the critical interface between software and hardware. Using RISC-V, the next-
generation open-source instruction set architecture (ISA), as a teaching vehicle, this course guides
students to deeply understand the component design and underlying operational mechanisms of modern
computer systems.

The curriculum adopts a progressive, bottom-up framework that seamlessly bridges theory and practice.
It begins with the fundamental building blocks—voltages, logic gates, and binary representations—
before assembling an Arithmetic Logic Unit (ALU) and a single-cycle processor. To optimize
performance, pipelining, cache memory, and branch prediction are then introduced. Once the core CPU
architecture is complete, the scope expands outward to input/output (I/0) systems and interrupt
mechanisms, ultimately connecting to software compilation, operating system calls, cross-architecture
concepts (such as x86), and virtualization technologies.

Step by step, students will master the following five core themes of computer systems:
How it works: How do computers operate at the foundational level?

How to make it fast: How do we make computing faster and smarter?

How it interacts (L7-L9): How does it communicate with the outside world?

How software uses it: How do our programs and operating systems control the hardware?
How the industry builds it: How are CPUs designed in the industry?
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This course presents the modern design of computer architecture. It covers the important design
issues on processor design, techniques for performance improvement, memory hierarchy, 1/0
organization, and parallel processing.
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Basic Learning Outcomes and Dept.’ s
Education
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A | FRE£%L8Y i 4 Ability of lifetime learning in information profession ®
B F BT A E A 4 Ability of validate experimental result validation in O
information science field
C |Fm1EFELE it 4 Ability of integrated applications of information technology o
D Tk AT RBP4 Ability of information application system design and O
development




E |®F& 7& #3ic ? Ability of teamwork, communication, and coordination

A MR A fE 0 4 Ability of problem solving regarding information and

F communication technology CD

C BifaT At 5 A v 4 Ability to understand information technology’ s multiple (:
influences

i A EFMAAE F a4 Ability of bearing the social responsibilities being among

information professionals

Blom 3P [1lustration ‘@ & 24pk Highly correlated O R 4p# Moderately correlated

¥ #% i B # Teaching Schedule & Content

F =t Week R % Subject/Topics # 3xRemarks
1 Introduction to Computer Architectures & Underlying Logic
2 Number Representation & Computer Arithmetic
3 Central Processing Unit (CPU) & Datapath Design Quiz
4 Memory Hierarchy Architecture (1)
5 Memory Hierarchy Architecture (II) Quiz
6 Pipelined Instruction Execution & Hazards (I)
7 Pipelined Instruction Execution & Hazards (II) Quiz
8 Branch Prediction & Speculative Execution
9 Midterm Exam
10 Input/Output (I1/0) & Bus Architectures (I)

Input/Output (I1/0) & Bus Architectures (II)

1 MZ_APO Education Kit (Optional) Quiz
12 External Events, Interrupts, and DMA

13 Parameters Passing and System Calls Quiz
14 x86 Architecture

15 Microprocessor Architecture Development Quiz
16 Virtual Machines & Virtualization

17 Final Exam
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Fil: AREDFHpID FERALAFELIT &> 2 B EIFA18 [P RA > GrREFRG]IF $E
Eod A
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General Performance 40% v v

(Attendance Record)

#e 24 Midterm Exam 30% v

%+ 2% Final Exam 30% V4
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Textbook & Other References (Title, Author, Publisher, Agents, Remarks, etc.)

{Computer Organization and Design RISC-V Edition: The Hardware Software Interface) - David A.

Patterson and John L. Hennessy.
https://github. com/cvut/comparch-slides - Pavel Pisa and Petr Stepan

FARFH (7 R RKE TR, KB ARG AR 2 )
Teaching Aids & Teacher’ s Website(Including online teaching information.

Personal website can be listed here. )
https://elearn4. ndhu. edu. tw/moodle/course/view. php?id=16443

H @4 L3P (Supplemental instructions)




