T EIE8A 7 (Computer Organization)

N
(Tsung-Han Tsai)
Dept. of E.E., N.C.U.

Office: Rm 411
Tel: 4227151-4472
Email: han@ee.ncu.edu.tw

Tsung-Han Tsai

¥

&

O 0 N SN N AW N -

. Historical perspective of computer
. Instruction set and hardware description language
. Evaluation of computer performance

. Arithmetic for computer

. Verilog-HDL: Hardware description language
. Data path and control of computer

. Enhancing CPU performance with pipelining

. Memory hierarchy: cache and virtual memory
. 1/O devices and bus
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Chapter 1

All figures from Computer Organization and Design: The Hardware/
Software Approach, Second Edition, by David Patterson and John
Hennessy, are copyrighted material. (COPYRIGHT 1998 MORGAN
KAUFMANN PUBLISHERS, INC. ALL RIGHTS RESERVED.)

Figures may be reproduced only for classroom or personal
educational use in conjunction with the book and only when the above
copyright line is included. They may not be otherwise reproduced,
distributed, or incorporated into other works without the prior
written consent of the publisher.
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1.1 Introduction

» Computers have led to a third resolution for civilization =
information revolution taking place alongside the agricultural
and industrial revolutions.

» Computer technology (hardware = software = network) fiction

Automatic teller machines

Computers in automobiles

Laptop computers
World Wide Web

- Tsung-Han Tsai 5
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Figure 1.3 Microprocessor
chips began ta flourish in the late
19703, The January 1979 issue
of BYTE magazine illusirates one
point of view on how these chips
are made. (Reprinted courtesy of
Robert Tinney Graphics and BYTE
Publications, Peterborough, N.H.)




Figure L5

In 1982, using ads such as this, IBM began selling the idea of a personal computer or

PC. (Reprinied councsy of BYTE Publications, Peterborough, N.H.)
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MICROCOMPUTERS AND MICROPROCESSORS

Figure 1.7 The CRAY-1 supercomputer. (Photo couriesy of Smithsonian)
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Accelerating Technology and Complexity

1G
100 M

10M

1M

100 K TMS320C240
4K o TMS320C30 A Memory (DRAM)

10K »” 8036

v 1 TMS320C15

1K 4044I T T T T T T * DSP

70 74 78 82 86 90 94 98 02
- Tsung-Han Tsai
Silicon Process Roadmaps
500 T

i 1994

= 350 & !

£ ;

< & | | 1997 }

2 180 bt !

- SNt

- = q

& 130 RS [ 1999

= 100 A N =

= AN

£ s -

E NN
= 35

25
95 97 99 01 04 07 10 13

.
Lsury-riure 1sut




The evolution of Information Industry

Content Creation

. . and Knowledge
Ml{ltlmedla and Engineering Age
Wireless

Communication

Internet Age:
WWW, Email
Workstation
and PC Age:
Group and
Mainframe Age: Personal
Computing and Application

Data Processing

Wired Broad Band Network

Digital Wireless Communication
Internet Multimedia Application
Broad Band Mobile Communication
Digital Broadcasting

Backend Data Server Application

Workstation and PC
Wired Narrow Band Network
Analog Wireless Communication
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System Revolution

1999-2000
Discrete Component Era **» LSI/VLSI Era ----» SOC/SLI Era
Mainframe Era > PC Era > Post PC Era
Mainframe Computer =P PC

----> IA

Internet Appliance
Information Appliance

- Tsung-Han Tsai
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1.1 Introduction

*» The New York Times has estimated that the average American comes
into contact with about 60 microprocessors every day [Camposano,
1996]

— Latest top-level BMWs contain over 100 microprocessors

*  Why learn this stuff?

— You want to know the operation principle of computer » Not just plug-
and-play like others

— you need to make a purchasing decision or offer “expert” advice

— you want to design computer hardware and its application : Leading
EE&CE industry in Taiwan

— you want to build software people use (need performance)
— you want to call yourself a “computer scientist”

- Tsung-Han Tsai 13
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BIT: % 7 (For machine)

ey

BYTE:# 7 5%, 8bits (Text)

WORD:Z"7 ,8bits,
16bits, 32bits, 64bits

(Information: Code, Number, etc.)
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1.2 What is a computer?

+ Components:
— input (mouse, keyboard, Fig.1.4)
— output (display,Fig.1.4, printer, speaker)
— memory (disk drives,Fig.1.12, DRAM, SRAM, CD)
— processors
— network
* Our primary focus: the processor (data path and control)
— implemented using millions of transistors
— Impossible to understand by looking at each transistor

.cations Sof
9\\0 [’4"9»@

Hardware

tnig-Han Tsai
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1.2 What is a computer?

*Software is categorized by its use

*System software: Programs aimed at programmer and

provides services that are useful ; Operating system,
compiler, etc.

*Application software: program aimed at computer users;
Netscape, Words, etc.

Software

/\

Applications

Systems
software

software

Compilers Operating

system s

Virtual File
memory system

h o ot I'sung-Han 1sai” " "

Assemblers

1/O0 device
drivers

Ty

What is Computer Architecture?

Application

Operating
System

Compiler| | Firmware

Instru_ction Set
Instr. Set Proc. | /0 system Architecture

|

Datapath & Control

| Digital Design |

Layvout
Y

» Coordination of many levels of abstraction
* Under a rapidly changing set of forces
* Design, Measurement, and Evaluation

- Tsung-Han Tsai 20




The Instruction Set: a Critical Interface

E N
software N \i\/\

e e ;
e instruction set S

hardware
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Instruction Set Architecture

* A very important abstraction
interface between hardware and low-level software

standardizes instructions, machine language bit patterns, etc.

advantage: different implementations of the same architecture

disadvantage: sometimes prevents using new innovations

True or False: Binary compatibility is extraordinarily important?

* Modern instruction set architectures:
— 80x86/Pentium/K6, PowerPC, DEC Alpha, MIPS, SPARC, HP

- Tsung-Han Tsai
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Measurement and Evaluation

Architecture is an iterative process
-- searching the space of possible designs
-- at all levels of computer systems

Creativity —

v
v Good Ideas

Y Mediocre Ideas

Bad Ideas
- Tsung-Han Tsai 23

Levels of Representation (Software View)

temp = v[k];
High Level Language vIK] = v[k+1];
Program
vlk+1] = temp;
Compiler
Assembly Language lw $15, 0($2)
Program Iw $16, 4(%$2)
sw$16, 0($2)
Assembler sw$15, 4($2)
0000 1001 1100 0110 1010 1111 0101 1000
Machine Language 1010 1111 0101 1000 0000 1001 1100 0110
Program 1100 0110 1010 1111 0101 1000 0000 1001

............................ | 0101 1000 0000 1001 1100 0110 1010 1111

Machine Interpretation

Control Signal
Specification

- Tsung-Han Tsai 24

ALUOP[0:3] <= InstReg[9:11] & MASK




Execution Cycle

v

Instruction
Fetch

v

Instruction
Decode

v

Operand
Fetch

v

Result
Store

v

Next
Instruction

L]

Obtain instruction from program storage

Determine required actions and instruction size

Locate and obtain operand data

Compute result value or status

Deposit results in storage for later use

Determine successor instruction
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Levels of Organization (Hardware View)

Workstation Design Target:
25% of cost on Processor
25% of cost on Memory
(minimum memory size)

SPARCstation 20 _

Rest on 1/O devices,
power supplies, box

]
=

Computer
Processor Memory Devices
Tsung-Han Tsai 26




1.3 Major components

* Input devices : ? —
— Mouse:Fig.1.5

* Output devices : ?
— Raster Cathode ray Tube (CRT)
— Liquid Crystal Displays ( LCD) rame

| I
« Motherboard (Fig.1.8, Fig.1.11) q’, | |

» Integrated circuits or chips |
— Memory chips : Dynamic Random Access memory (DRAM), Static
Random Access memory (SRAM)
— PC chip set: graphic, sound, 1/0 controller
— Central Processor Unit (CPU), Fig.1.9
» Data storage
— Primary memory (main memory) :DRAM, SRAM
— Secondary memory: (Zip) floppy disk, hard disk and optical
Compact Disk (CD)
« A simple view of computer organization is shown in Fig.1.10
- that consists of five components Tsung-Han Tsai 27

Rasterscan CRT display

1.4 ICs for Computer

Fig.1.14 DRAM
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Fig.1.20 Performance of workstation
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Integrated Circuits (IC) # ¥ % ¥.2_/fi&

N Integrated Circuits (IC) in silicon (Kilby) :1959
1960: SSI < 100 transistors 1966: MSI < 1000 transistors
1969: LSI < 10000 transistors 1975: VLSI > 10000 transistors
1985: VLSI > 100000 transistors  2000: VLSI > 10,000,000 transistors
N ROM (Read Only Memory): 1967
2000: 4M is very common
M RAM (Random Access Memory): 1970
1973: 16 K 1978: 64 K
1982: 256K 1986: 1M
1994: 16M 1997:64M

2000: 256M
N Microprocessor: 1969 by Intel
1971: 4 bits 1972: 8 bits

Late 1970s: 16 bits 1986, i386 : 32 bits
1993, Pentium : 32 bits 2001, Pentium 4: 2GHz
A Digital Signal Processor (DSP): 1 GOPS (G Operations Per Second)
N Operational Amplifier (analog) : 1964
N Analog-to-Digital Converter (ADC ,A/D)
Digital-to-Analog converter (DAC, D/A)

Tsung-Han Tsai 29

Computer 2_7 &

¥1946:First electronic calculator (ENIAC),
University of Pennsylvania=
18,000 vacuum tubes,
occupy 10¥13 m?; binary number,

boolean logic (Von Newman)
¥1946: IBM603=>first commercial electronic computer

v1948: IBM604=>4000 machines were sold;

The beginning of computer industry

v1998: %ﬁ?ﬁ'}%ﬁg, -TI3 &

Tsung-Han Tsai 30




Where we are headed

+ A specific instruction set architecture (Chapter 3)

« Performance issues (Chapter 2) vocabulary and
motivation

» Arithmetic and how to build an ALU (Chapter 4)
* Verilog_HDL: Hardware description language

+ Constructing a processor to execute our instructions
(Chapter 5)

* Pipelining to improve performance (Chapter 6)
* Memory: caches and virtual memory (Chapter 7)
* 1/0 and Bus (Chapter 8)

Key to a good grade: read the book (not just the
note), form discussion group and do the home works

yourself!
- Tsung-Han Tsai
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