Virtual University of Pakistan
Department of Computer Science

Course Outline

	Course Instructor
	Dr. Noor Muhammad Sheikh

	E-mail
	cs501@vu.edu.pk

	Course Code
	CS501

	Course Title
	Advance Computer Architecture

	Credit Hours
	3

	Prerequisites
	CS401-Computer Architecture & Assembly Language Programming 

	Objectives
	This course will provide the students with an understanding of the various levels of studying computer architecture, with emphasis on instruction set level and register transfer level. They will be able to use basic combinational and sequential building blocks to design larger structures like ALUs (Arithmetic Logic Units), memory subsystems, I/O subsystems etc. It will help them understand the various approaches used to design computer CPUs (Central Processing Units) of the RISC (Reduced Instruction Set Computers) and the CISC (Complex Instruction Set Computers) type, as well as the principles of cache memories.

	Learning Outcomes
	This course will enable the students to understand the various levels of studying computer architecture, with emphasis on ISA design and CPU design of various types.


Virtual University of Pakistan
Department of Computer Science
	Syllabus
	MODULE 1

Distinction between Computer Architecture, Organization and design 
Levels of abstraction in digital design
Introduction to the course topics
MODULE 2

Perspectives of different people about computers

General operation of a stored program digital computer

The Fetch – Execute process

Concept of an ISA 
MODULE 3
A taxonomy of computers and their instructions

Instruction set features

Addressing Modes

RISC and CISC architectures

Measures of performance

MODULE 4

Introduction to the ISA and instruction formats

Coding examples and Hand assembly

Using Behavioral RTL to describe the SRC

Implementing Register Transfers using Digital Logic Circuits
MODULE 5
Outline of the thinking process for ISA design

Introduction to the ISA of the FALCON – A

Solved examples for FALCON-A

Learning Aids for the FALCON-A
MODULE 6

FALCON-E

EAGLE and Modified EAGLE

Comparison of the four ISAs
MODULE 7
The Design Process

A Uni-Bus implementation for the SRC

Structural RTL for the SRC instructions

Logic Design for the 1-Bus SRC

The Control Unit

The 2-and 3-Bus Processor Designs

The Machine Reset

Machine Exceptions

MID-TERM

MODULE 8
Pipelining

Instruction-Level Parallelism

Microprogramming

MODULE 9

I/O interface design

Programmed I/O

Interrupt driven I/O

Direct memory access (DMA)
MODULE 10

Addition, subtraction, multiplication & division for integer unit

Floating point unit

MODULE 11

Memory organization and design

Memory hierarchy

Cache memories

Virtual memory

FINAL-TERM



	Text Books
	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition)

	Reference Material
	William Stallings, Computer Organization and Architecture (6th edition).

Lecture Handouts

	Teaching Strategies
	Video Lectures

Question-answer session using MDB 

Graded MDB
Assignments

	Assessment
	Marks in %
	Total 100%

	
	Exam Type
	Assignment
	Graded MDB
	Mid Paper
	Final Paper

	
	Proportion
	15%
	5%
	30%
	50%

	Recommendations
	Read related books of Computer Architecture and online tutorials before viewing the lecture.


(a) Teaching Schedule 

	Semester Week/Lecture
	Topics to be covered
	Book
	Topic No. /Pages

	Week 1

	1.
	Introduction
· Distinction between computer architecture, organization and design

· Levels of abstraction in digital design

· Introduction to the course topics

· Perspectives of different people about computers

· General operation of a stored program digital computer

· The Fetch-Execute process

· Concept of an ISA(Instruction Set Architecture)
	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition)
	Chapter 1

1.1, 1.2, 1.3, 1.4, 1.5

	2.
	Instruction Set Architecture
· A taxonomy of computers and their instructions

· Instruction set features

· Addressing modes

· RISC and CISC architectures


	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition)
	Chapter 2,Chapter 3

2.1, 2.2, 3.2   



	3.
	Introduction to SRC Processor
· Measures of performance

· Introduction to an example processor SRC

· SRC: Notation

· SRC features and instruction formats
	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition)
	Chapter2, Chapter 3

2.3, 2.4, 3.1   



	Week 2     

	4.
	ISA and Instruction Formats

· Introduction to ISA and instruction formats
· Coding examples and Hand assembly
	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition)
	Chapter2
2.3, 2.4,slides

	5.
	Description of SRC in RTL
· Reverse Assembly

· Description of SRC in the form of RTL

· Behavioral and Structural description in terms of RTL


	Lecture handouts
	Slides,
64-72

	6.
	RTL Using Digital Logic Circuits
· Using Behavioral RTL to Describe the SRC (continued)

· Implementing Register Transfer using Digital Logic Circuits


	Lecture Handouts
	Slides,
73-86

	Assignment 1

	Week 3

	7.
	Design Process for ISA of FALCON-A
· Outline of the thinking process for ISA Design
· Introduction to the ISA of FALCON-A
	Lecture Handouts
	Slides,
87-90

	8.
	ISA of FALCON-A
· Introduction to the ISA of the FALCON-A

· Examples for the FALCON-A
	Lecture Handouts
	Slides,
91-103

	9.
	Description of FALCON-A and EAGLE using RTL
· Use of Behavioral Register Transfer Language (RTL) to describe the FALCON-A

· The EAGLE

· The Modified EAGLE
	Lecture Handouts
	Slides,
104-123

	Week 4

	10.
	FALCON-E and ISA Comparison
· The FALCON-E

· Instruction Set Architecture Comparison
	Lecture Handouts
	Slides,
127-147

	11.
	CISC and RISC
· A CISC microprocessor:The Motorola MC68000

· A RISC Architecture:The SPARC
	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition)
	Chapter 3
3.3, 3.4

	12.
	CPU Design
· The design process

· A Uni-Bus implementation for the SRC

· Structural RTL for the SRC instructions
	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition)
	Chapter 4
4.1, 4.2, 4.3

	Assignment 2

	Week 5

	13.
	Structural RTL Description of the FALCON-A

· Structural RTL Description of the SRC (continued…) 

· Structural RTL Description of the FALCON-A
	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition)
	Chapter 4
4.2.2, slides

	14.
	External FALCON-A CPU

· Structural RTL Description of the FALCON-A (continued…)

· External FALCON-A CPU Interface
	Lecture Handouts
	Slides,
162-170

	15.
	Logic Design and Control Signals Generation in SRC

· Logic Design for the Uni-bus SRC

· Control Signals Generation in SRC
	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition)
	Chapter 4
4.4

	Week 6

	16.
	Control Unit Design
· Control Signals Generation in SRC (continued…)

· The Control Unit 

· 2-Bus Implementation of the SRC Data Pat
	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition)
	Chapter 4
4.2.2, 4.6.1

	17.
	Machine Reset and Machine 
Exceptions
· 3-bus implementation for the SRC 

· The Machine Reset

· Machine Exceptions
	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition)
	Chapter 8
4.6.2, 4.7, 4.8

	18.
	Pipelining
· SRC Exception Processing Mechanism

· Introduction to Pipelining

· Complications Related to Pipelining

· Pipeline Design Requirements
	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition)
	Chapter 8
4.8

	Assignment 3

	Week 7

	19.
	Pipelined SRC
· Pipelined Version of the SRC

· Adapting SRC instructions for Pipelined Execution

· Control Signals for Pipelined SRC
	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition)
	Chapter 5
5.1.3

	20.
	Hazards in Pipelining
· Structural RTL for Pipeline Stages

· Instruction Propagation Through the Pipeline

· Pipeline Hazards

· Data Dependence Distance 

· Data Forwarding

· Compiler Solution to Hazards

· SRC Hazard Detection and Correction

· RTL for Hazard Detection and Pipeline Stall
	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition)
	Chapter 5
5.1.5, 5.1.6

	21.
	Instruction Level Parallelism
· Data Forwarding Hardware

· Instruction Level Parallelism

· Difference between Pipelining and Instruction-Level Parallelism

· Superscalar Architecture

· Superscalar Design

· VLIW Architecture
	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition)
	Chapter 5
5.2

	Assignment 4


	Week 8


	22.
	Microprogramming
· Microprogramming 

· Working of a General Microcoded Controller

· Microprogram Memory

· Generating Microcode for Some Sample Instructions

· Horizontal and Vertical Microcode Schemes

· Microcoded 1-bus SRC Design

· The SRC Microcontroller
	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition)
	Chapter 5
5.3

	MID TERM EXAM

	Week 9

	MID TERM EXAM

	23.
	I/O Subsystems
· Introduction to I/O Subsystems

· Major Components of an I/O Subsystems

· Computer Interface

· Memory Mapped I/O versus Isolated I/O

· Considerations during I/O Subsystem Design

· Serial and Parallel Transfers

· I/O Buses
	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition)
	Chapter 8
8.1, 8.2, 8.3

	24.
	Designing Parallel Input and Output Ports
· Designing Parallel I/O Ports

· Practical Implementation of the SAD

· NUXI Problem

· Variation in the Implementation of the Address Decoder

· Estimating the Delay Interval


	Lecture Handouts
	Slides,
243-251

	Assignment 5

	Week 10

	25.
	Input Output Interface
· Designing a Parallel Input Port

· Memory Mapped I/O Ports

· Partial Decoding and the “wrap around” Effect

· Data Bus Multiplexing

· A generic I/O Interface

· The Centronics Parallel Printer Interface
	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition)
	Slides,
252-261

	26.
	Programmed I/O
· The Centronic Parallel Printer Interface(Cont.)

· Programmed Input/Output 

· Examples of Programmed I/O for FALCON-A and SRC

· Comparisons of FALCON-A, SRC examples
	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition)
	Chapter 8
8.2.2

	27.
	Interrupt Driven I/O
· Programmed I/O Driver for SRC

· Interrupt Driven I/O
	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition)
	Chapter 8

8.2.2

	Week 11

	28.
	Interrupt Hardware and Software
· Comparison of Interrupt driven I/O and Polling

· Design Issues

· Interrupt Handler Software

· Interrupt Hardware

· Interrupt Software
	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition)
	Chapter 8
8.3

	29.
	FALSIM
· Introduction to FALSIM

· Preparing source files for FALSIM

· Using FALSIM

· FALCON-A assembly language techniques
	Lecture Handouts
	Slides,
293-307

	30.
	Interrupt Priority and Nested Interrupts
· Nested Interrupts

· Interrupt Mask

· DMA
	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition)
	Chapter 8

8.3.3, 8.4

	Assignment 6

	Week 12

	31.
	Direct Memory Access (DMA)
	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition)
	Chapter 8
8.4

	32.
	Magnetic Disk Drives
· Hard Disk

· Static and Dynamic Properties

· Examples

· Mechanical Delays and Flash Memory

· Semiconductor Memory vs. Hard Disk
	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition)
	Chapter 9
9.1



	33.
	Error Control
· Operating System Interface

· Error Control

· RAID
	William Stallings 6th edition                                                        

Computer Organization and Architecture,
Lecture Handouts
	326-330

	Week 13 
	

	34.
	Number Systems and Radix Conversion
· Introduction to ALSU

· Radix Conversion

· Fixed Point Numbers

· Representation of Numbers 

· Multiplication and Division using Shift Operation

· Unsigned Addition Operation
	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition)
	Chapter 6
6.1, 6.2


	35.
	Multiplication and Division of Integers
· Overflow

· Different Implementations of the adder

· Unsigned and Signed Multiplication

· Integer and Fraction Division

· Branch Architecture
	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition)
	Chapter 6
6.3, 6.4

	36.
	Floating-Point Arithmetic
· NxN Crossbar Design for Barrel Rotator

· Barrel Shifter with Logarithmic Number of Stages

· ALU Design

· Floating-Point Representations

· IEEE Floating-Point Standard 

· Floating-Point Addition and Subtraction

· Floating-Point Multiplication

· Floating-Point Division


	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition)
	Chapter 6
6.3.2, 6.4, 6.4.1  

                                                                                                                      6.4.2, 6.4.3



	Assignment 7

	Week 14

	37.
	Components of memory Systems
· CPU to Memory Interface

· Static RAM cell Organization and Operation

· One & two Dimensional Memory Cells

· Matrix and Tree Decoders

· Dynamic RAM 
	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition)
	Chapter 7
7.1, 7.2

	38.
	Memory Modules
· Memory Modules 

· Read Only Memory (ROM)

· Cache
	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition)
	Chapter 7
7.2.6, 7.3

	39.
	The Cache
· Cache Organization and Functions

· Cache Controller Logic

· Cache Strategies
	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition)
	Chapter 7
7.4, 7.5

	Week 15

	40.
	Virtual Memory
· Virtual Memory Introduction

· Virtual Memory Organization 
	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition)
	Chapter 7
7.6

	41.
	Numerical Examples of DRAM and Cache
· DRAM

· Pipelining, Pre-charging and Parallelism

· Cache

· Hit Rate and Miss Rate

· Access Time
	Lecture handouts
	362-370

	42.
	Performance of I/O Subsystems
· Introduction

· Performance of I/O Subsystems

· Loss System

· Single Server Model

· Little’s Law

· Server Utilization

· Poisson distribution

· Benchmarks programs

· Asynchronous I/O and operating system
	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition),
Lecture handouts
	Chapter 8
371-376

	Assignment 8

	Week 16

	43.
	Networks
· Introduction to computer network

· Difference between distributed computing and computer networks

· Classification of networks

· Interconnectivity in WAN

· Performance Issues

· Effective bandwidth versus Message size

· Physical Media
	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition),
Lecture Handouts
	Chapter 8
377-381

	44.
	Communication Medium and Network Topologies
· Physical Media (Continued)

· Shared Medium

· Switched Medium

· Connection Oriented vs. Connectionless Communication

· Network Topologies

· Seven-layer OSI Model

· Internet and Packet Switching

· Fragmentation

· Routing
	Vincent P. Heuring . Harry F. Jordan, Computer Systems Design and Architecture(Second Edition)
	Chapter 8
382-386

	FINAL TERM EXAM


** Assignment schedule can be changed.
** Pop quizzes or Graded MDB can be announced at short notice by the instructor.
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