Detailed Syllabus for TCSS 372 in the New Curriculum (Autumn 2005)

Computer Architecture

Purpose:

TCSS372 advances the student’s understanding of modern computer architectures.  Its main purpose is to familiarize the student with the architecture design process with special emphasis on quantitative aspects of deciding tradeoffs between cost and performance.  The CSS student should have a clear understanding of the kinds of performance enhancing designs (e.g., cache memories and pipelined CPUs) that have a direct impact on programming methods.  Issues of program translation (compilation) for these enhancements are covered.  Finally, the student will have an opportunity to have direct experience with an actual computing system at the machine level using C and assembly level programming.  This will further enhance their understanding of the low level operations of a computing platform, especially with respect to an operating system.

The primary goals of the course are:

1. Knowledge of advanced architecture designs and performance enhancements.

2. Knowledge of design, esp. tradeoff decisions.

3. Understanding of the impact of hardware design decisions on program translation and program performance.

4. Ability to write assembly code functions to interface with a larger C program.

Prerequisites: TCSS 371, TCSS 342.

Topics covered (not necessarily in the order given)
1. Advanced organization

a. Busses and bus timing

b. Memory hierarchy

i. register file

ii. cache memory (design and operations)

iii. main memory

iv. external store

c. I/O 

i. devices

ii. access and drivers

iii. DMA

2. Operating Systems Support/Overview

a. Multitasking/threading

b. Scheduling

c. Memory management and virtual memory

d. I/O and File systems

e. Networking

3. Computer arithmetic

a. algorithms for integer multiplication and division, ALU designs

b. Floating point representation and arithmetic

4. Advanced Instruction Set Architectures

a. Instruction formats

b. Data types

c. Addressing modes

5. CISC/RISC Architectures

a. Comparative CPU organizations

b. Pipeline designs and operations

c. Compiler issues

6. Advanced Architectures

a. Instruction-level Parallelism 

b. IA-64 Architecutre

c. Superscalar architecture

d. Branch prediction

e. Prefetching

f. Speculative execution

g. Multithreading

h. Scalability

7. Control Unit and Microarchitecture

a. Micro-operations

b. Processor control

c. Hardwired implementations

d. Microprogramming

8. Parallel Organization

a. Multiprocessors

b. Introduction to SIMD, MIMD, VLIW, EPIC

c. Systolic architecture

d. Interconnection networks (hypercube, shuffle-exchange, mesh, crossbar)

e. Shared memory systems

f. Cache coherence

g. Memory models and memory consistency

9. Embedded systems architectures

a. 8/16 bit real microcontroller and development environment

b. I/O routines in assembly language

c. Interrupts

d. Proficiency in C programming

Characteristics of a below average (C) outgoing student

1. Knowledge of algorithms used to implement arithmetic functions.

2. Knowledge of major categories of CISC/RISC and non-Von Neumann machines.

3. Knowledge of performance enhancement designs.

4. Knowledge of basic Operating Systems services and mechanisms.

5. Knowledge of basics of I/O, incl. network interface.

6. Knowledge of Microarchitecture and its implementations.

7. Can write assembly language function to integrate in C program.

8. Can write a simple real-time program in C.

Characteristics of an average (B) outgoing student

All of the above and the following:

1. Understands the design of instruction formats.

2. Understands operation and quantification of performance enhancements.

3. Can write a simple (polling) A/D conversion program in C.

4. Can write a moderately complex C program.

Characteristics of an above average (A) outgoing student

All of the above and the following:

1. Can design an instruction using micro-instructions.

2. Can write an interrupt handler routine for the embedded system.

Sample Syllabus

	
	Topics Covered
	Readings
	Homework/Projects

	Week 1
	Advanced Architecture
	1 & 2
	HW 1 – 

	Week 2
	Components and Interconnections

Introduction to embedded microcontroller design
	3 & Z8 doc.
	HW 2 – 

Project 1 Assignment 

	Week 3
	Memory systems
	4 & 5
	HW 3 – 

	Week 4
	External store and I/O 
	6 & 7
	HW 4 – 

	Week 5
	Operating Systems Support
	8 & supplied readings
	Project 1. due

HW 5 – 

	Week 6
	Computer Arithmetic, Advanced ISAs

This is mostly review of concepts from Arch. I. with added depth.
	9, 10 & 11 
	HW 6 – 

	Week 7
	 Advanced CPUs – CISC/RISC
	12 & 13
	

	Week 8
	Instruction-level Parallelism & IA-64
	14 & 15
	HW 7 – 

Project 2. Assignment given.

	Week 9
	Control Unit
	16 & 17
	HW 8 – 

	Week 10
	Parallel Processing
	18
	Project 2 due.


Textbook: Computer Organization & Architecture: Designing for Performance, 6th. Edition, William Stallings, Prentice Hall. ISBN: 0-13-035119-9.

http://www.williamstallings.com/COA6e.html
Z8 Encore document set (on CD).

Grading: Midterm 1 (10%), Midterm 2 (10%), Final (25%), project 1 (15%), project 2 (15%), Homeworks (25%)

