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Course name: Computer Organization
Teaching medium: English

A. COURSE DESCRIPTION

4 credit,  56 Class Hours + 16 Experimental Hours, the 4th Semester.
Computer Organization is for undergraduate students who major in computer science and have completed the study of Digital Logical or related courses.  It is a 4-credit compulsory course and consists of 56 hours lectures and 16 hours labs. In this course, students will learn the basic principle and hardware implementation of each computer component, and how to completely design a single processor computer. The contents of this course include addressing mode, Instruction set design, Assembly language, ALU, CU, Memory hierarchy and I/O interfaces. Through the study, the students can attain a good understanding of the inner structure of the computer, and this also benefits the study of follow-up courses such as assembly language and microcomputer interfacing and operating system.
B. METHOD OF INSTRUCTION

The contents are presented with courseware. In the lecture, some principles can be clarified through animated demos, the key points can be illustrated by various teaching methods such as comparative method and case teaching method, and partial difficulty points can be better explained through experimental teaching.
C.  COURSE OBJECTIVES 
Objective 1:  Understand the development history of computer system, and know how to evaluate a computer
Objective 2:  Understand the principle of instructions and assembly process.
Objective 3:  Be acquainted with information representation and computer arithmetic, understand the design principle of ALU, and know how to design a control unit.
Objective 4: Comprehend the principle of memory hierarchy. 
Objective 5: Understand the working principle of I/O system.
Objective 6:  Comprehend the basic architecture and working principle of a computer system, and articulate the design issues involved in computer architecture at theoretical and application levels


D.  COURSE TOPICS/UNITS AND DATES

1. Lecture Session
Chapter 1: Introduction to computer system 

Introduction to computer system and historical background

Architectural development and styles

Technological development

Performance measures

Chapter 2: Instruction set architecture and design 

Memory locations and operations
Addressing modes
Instruction types
Programming
Chapter 3: Assembly language programming 

A simple machine
Instruction mnemonics and syntax
Assembly directives and commands

Assembly process and instruction execution

Chapter 4: Computer arithmetic

Number systems
Integer arithmetic
Floating point arithmetic
Chapter 5: Processing unit design

CPU basics
Register set
Data path
CPU Instruction cycle
Chapter 6: Memory-system I

Basic Concepts about memory system
Cache memory

Chapter 7: Memory-system II

Main Memory
Virtual Memory
Read-Only Memory
Chapter 8: Input-Output design and organization

Basic concepts about I/O devices.
Programmed I/O
Interrupted-Driven I/O
DMA
I/O Interface
2. Experimental Session
Experiment 1: Signal and transmission
(1) Install and connect the experimental equipment and assembly experimental system.
(2) Use Quartus II to edit and compile HDL codes, and download the generated file to FPGA component of experimental board.
(3) Use JULAB to verify the experimental results.
(4) Verify the switchers, keys, and LED outputs status, and perform analysis and discussions on the results.
(5) Verify the Time-sharing characteristics of Bus and perform analysis and discussions on the results.
(6) Verify the Time-sharing characteristics of data registers and shift registers, and perform analysis and discussions on the results.


Experiment 2: Addition/Subtraction circuit 

(1) The principle of multiple function addition/subtraction circuit, the functionality of the circuit and control signals.
(2) Accomplish the code design for the flags of the addition operation.
(3) Verify and analyze the data transferring.
(4) Verify and analyze the variety arithmetic and logical operations.
Experiment 3: Data path of ALU
(1) Take an analysis and discussion on ALU control codes
(2) Try to comprehend the complete the codes for ALU data path.
(3) Verify and analyze the information transferring process in data path among ALU, shift register, general-purpose register set and triple –state Bus.
Experiment 4:  Organization of Main memory
(1) Comprehend and complete the codes for word-bit extension of memory system.

(2) Calculate the range of the memory address. 

(3) Generate Chip-selection signals and perform a verification and analysis on it.

(4) Verify and analyze the read/write operations on the memory.

Experiment 5: Caches

(1) Comprehend the complete the codes for caches design.

(2) Use In-System Memory Content Editor tool in Quartus-II software to edit and check the content of memory cells.

(3) Take an analysis on the direct-mapping address translation process.

(4) Verify the load process upon a cache miss and take an analysis.

(5) Verify the read process upon a cache hit and take an analysis.

(6) Verify and analyze the thrashing phenomenon.

Experiment 6: Instructions and addressing modes

(1) Appreciate the operation method of JULAB debug software for the model computer.

(2) Use the move instructions to verify the basic addressing modes and perform analysis on it. 

(3) Appreciate the functionalities of the shift, conditional branches and accomplish the verification and the analysis on relative addressing mode.

(4)  Perform a verification and a discussion on the PUSH and POP instructions

(5) Perform a verification and a discussion on the CALL and RETURN instructions.

Experiment 7: Micro-program controller

(1) Analyze the micro-controller sequence.

(2) Analyze micro-instruction coding and know the principle of generating control signals. 

(3) Analyze three kinds of micro-address branches.

(4) Modify the design code, and reallocate the micro addresses.

Experiment 8: Micro-program design

(1) Get familiar with the JULAB software. 

(2) Verify the micro-program for MOV instruction and take an analysis.

(3) Verify the the micro-program for INC instruction and take an analysis.


3. Teaching Hours Distribution

	Contents
	Lectures
	Experimental Hours

	Chapter 1: Introduction to computer system
	4
	

	Chapter 2: Instruction set architecture and design
	6
	2

	Chapter 3: Assembly language programming
	6
	

	Chapter 4: Computer arithmetic
	10
	6

	Chapter 5: Processing unit design
	10
	4

	Chapter 6: Memory-system I
	10
	2

	Chapter 7: Memory-system II
	8
	2

	Chapter 8: Input-Output design and organization
	2
	

	Total
	56
	16


E. TEXTBOOK(S) AND REQUIRED TOOLS OR SUPPLIES
Textbook (required):  Fundamentals of Computer Organization and Architecture, by Mostafa Abd-El-Barr and Hesham El-Rewini，Wiley-Interscience Press, 2004.
Supplies and/or tools: Computer Organization and Architecture Designing for Performance(7th Edition), by William Stallings, Higher Education Press, 2009.
F. GRADING PLAN

	Assessments
	Requirements
	Weightings

	Daily performance
	Attend the classes and complete homework on time 
	20%

	Experimental performance
	Complete the experiments and submit reports on time 
	20%

	Examination
	Close-book
	60%


G. COURSE COMPONENT SPECIFICS

None


