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e Computer: A historical perspective

e Forces behind computer evolution and design
— Supply: technology, architecture
— Demand: applications

e Implementation technology and its trends
e Applications of processors
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e A device that computes, especially a
programmable electronic machine that performs
high-speed mathematical or logical operations or
that assembles, stores, correlates, or otherwise
processes information
-- The American Heritage Dictionary of the
English Language, 4th Edition, 2000
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e Special-purpose versus general-purpose

e Non-programmable versus programmable

e Scientific versus office data processing

e Mechanical, electromechanical, electronic, ...

Tabulating machine
(H. Hollerith, 1889)

Harvard Mark | Difference Engine
(IBM, H. Aiken, 1944) (C. Babbage, 1822)
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g ENIAC (Electronic Numerical Integrator
(Ealculator)

° Work started in 1943 in Moore School of Electrical
Engineering at the University of Pennsylvania, by John
Mauchly and J. Presper Eckert

Completed in 1946
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20 10-digit registers, eacIJ1 2 feet
(f11]18,000 f 237

electronic switches, 19067 33 FiF])
55 FE S 1900 i
Programming manually by

plugging cables and setting
switches
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IBM 701 (IBM, 1952)
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e By W. Shockley, J.
Bardeen, W. Brattain of
Bell Lab. in 1947

— Much more reliable than
vacuum tubes
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e Ex.: IBM 1401 (1BM, 1959)

This is how
IBM is called
“Big Blue™!
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® 1958 F /| E Ry o° Fjp JJack Kilby: integrated a
transistor with resistors and capacitors on a
single semiconductor ch|p which is a monolithic
IC
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e 1977 Apple IlI: Steve Jobs, Steve Wozniak
Motorola 6502 CPU, 48Kb RAM
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e 19717 57— (W& EA & Intel 4004
— 108 KHz, 0.06 MIPS
— 2300 transistors (10 microns)
— Bus width: 4 bits
- Memory addr.: 640 bytes

— For Busicom calculator
(original commission was
12 chips)

FIRPC

e 1981~ IBM PC: Intel 8088, 4.77MHz, 16Kb
RAM, two 160KDb floppy disks

MlcrosoftCorporatlon 1978
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® 1973: Researchers at
Xerox PARC developed
an experimental PC: Alto

— Mouse, Ethernet,
bit-mapped graphics, icons,
menus, WY SIWG editing

e Hosted the invention of:

— Local-area networking

— Laser printing

— All of modern client / server
distributed computing
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e 1979: 1st electronic spreadsheet (VisiCalc for Apple 1)
by Don Bricklin and Bob Franston

— “The killer app for early PCs” A VISICALC™ sercon:

- Followed by dBASE I, ... e euss Sz S

80F (L » ICRUE RY3% ™ VLSI

o New processor architecture was introduced:
RISC (Reduced Instruction Set Computer)
- IBM: John Cocke
- UC Berkeley: David Patterson
- Stanford: John Hennessy

e Commercial RISC processors around 1985
- MIPS: MIPS
— Sun: Sparc

IBM: Power RISC

- HP: PA-RISC

DEC: Alpha

o They compete with CISC (complex instruction set computer)
processors, mainly Intel x86 processors, for the next 15 years
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Why Do | Want to Know History?
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API

ISA
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Interfaces (ISA)
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Applications

e

Machine Organization

b¥e

Measurement &
Evaluation

Computer
Architect
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Summary: Technology and Computers

e Computer generation according to technology:

In Fact, Architecture Design Is an lterative
Process

-- searching the space of possible
designs

-- at all levels of computer systems
v New concepts

created

Estimate
Cost & Sort
Performance

Historical / / \v‘
background and /\ S
i LN Good

understanding of : (
trends help the Bad ideas Mediocre ideas

selection process ideas
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e Computer: A historical perspective

e Forces behind computer evolution and design
— Supply: technology, architecture
— Demand: applications

e Implementation technology and its trends
e Applications of processors
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Let’s Start with Processor Performance
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(“The Cooler the Better: New Directions in the Nomadic Ages,” Computer, April 2001.)
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Why Such Changes?

Several factors:

e |C technology:
clock rate, power, transistors per chip
enable
e Computer architecture:
pipeline, cache, MMX, instructions per cycle
Usupported by

e Mass market:
market share, revenue, applications

Outline

e Computer: A historical perspective

e Forces behind computer evolution and design
— Supply: technology, architecture
— Demand: applications

e Implementation technology and its trends
e Applications of processors
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VLSI IC Technology

2001 2005 2010 2016
Line width (nm) 130 80 45 22
Clock (GHz) 1.7 5.2 11.5 28.8
(m[i)gﬁc'\é'nf;;ti . 7.7 1.9 0.34 | 0.042
(mi(':\fgczn‘;jotsrgns) 97 24 431 | 054
Supply voltage(V) 1.2 1.0 0.8 0.6
Wiring levels 7 9 10 10
G:ost per transistord chip density? ) i

Feature Size
(microns)

'60

** Planar Transisior; remaining data points are ICs.

Minimum Feature Size

Examples

Human hair, 100 pm

Amoeba, 15 um
Red blood cell, 7 um
-== |ntel [update 5/20/02]

-=— |TRS [2001 adilion] AIDS Virus 0.1 um

'65 70 } B ‘80 '85 '90 '95 00 ‘05
Projected ——

Buckyball, 0.001 um

Sourca: Intel, post ‘56 trend data provided by SIA

Inkernational Technology
* [TRS DRAM Hall-Pilch vs.

Roadmap for Semiconductors (ITRS)
“Lithography”]

10

Line Width/Feature Size

NMOS TRANSISTOR STRUCTURE

+*NMOS = N-channel
Metal Oxide Silicon
Transistor

“Metal” gate (Al or %
Si)
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Technology Trends:
Memory Capacity (1 Chip DRAM)

size yeal' S|Ze(Mb|t)

100000000

1980  0.0625
/[] 1983  0.25

10000000

/ 1986 1
1989 4

1000000

/ 1992 16

100000

/ 1996 64

10000

/ 2000 256

1000

1.4X/yr, or doubling

1970

1975 1980 1985 1990 1995 2000 EVeEry 2 years

vear 4000X since
1980 »



Technology Trends:
Microprocessor Capacity

2X transistors/chip transistors
very 1. r
e e y 5 yea S F'entummdprmmssm,f 100'000'000

Cal Ied Pentium® [ Proce&sy/

MOORE'S LAW R 16,060,600

FENUUME FrOCESSOF
486™ DX Processor //
1,000,000
386™ Processor r“

288

//. 100,000
8086 iy
8080 / e ¢ 10,000

ooos
4004 £ f’//
1000
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Technology => Dramatic Change

® Processor
— 2X in speed every 1.5 years; 100X in last decade
e Memory
— DRAM capacity: 2x / 2 years; 64X size in last decade
— Cost per bit: improves about 25% per year
® Disk
— Capacity: > 2X every year; 120X in last decade
— Cost per bit: improves about 100% per year
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Technology Progress: Implication

e Minimum feature size: halve every 7 years
— O(n2) with respect to transistor count and O(n) with respect to
switching time
» O(n3) improve in computing with lithography
— Power dissipation
e Wafer size: X2 every 3 years
— O(n?) with respect to transistor count
e Others: provide one-time improvement
e Price: lower costs due to
- Simpler development and higher volumes with CMOS
» Highly integrated chips with improved speed, reliability,
cost, functionality

Technology Enables Architectural

Innovation
e An example:
3 Supercomputers
ﬁ Mainframes
E
-.‘_-’ Minicomputers
]
o
S MicroprocesdQrs
g x86 (Pentium)
- RISC starts following
introduction the same rate

| | | | | | Year
1970 1975 1980 1985 1990 1995
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Computer Progress Supported/Driven by
Market and Usage

Applications drive machine “balance”

— Numerical simulations: floating-point, memory BW
- Transaction processing: I/O, INT performance

— Media processing: low-precision “pixel’ arithmetic
Applications drive machine performance

— What if my computer runs all my software very fast?
- Programs use increasing amount of memory:
e 1.5-2 per year, or 0.5-1 addressing bit per year

- High-level programming languages replace assembly languages =>
compilers important

o Compiler and architecture work together
Effects of compatibility and ease of use

Effects of market demands and market share
- Can investment in R&D, production be paid off?
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Computer Usage: General Purpose

e Uses: commercial (int.), scientific (FP, graphics), home
(int., audio, video, graphics)
- Software compatibility is the most important factor
- Short product life; higher price and profit margin

— OS issue: OS serves another interface above arch.
o Effects of OS developments on architecture

o RISC-based Unix workstation vs x86-based PC: (1) units sold is only
1% of PC’s, (2) emphasize more on performance than on price
— survive only if performance is high enough?
— effects of Linux-based PCs?

e Future:

- Use increased transistors for performance, human interface
(multimedia), bandwidth, monitoring

Computer Usage: Embedded

e A computer inside another device used for running one
predetermined application

e Uses: control (traffic, printer, disk); consumer

electronics (video game, CD Elayer,l\ﬁpﬁ)
ego Mindstorms

Robotic command explorer:

A “Programmable Brick”,
Hitachi H8 CPU (8-bit), 32KB RA
LCD, batteries,

infrared transmitter/receiver,

4 control buttons, 6 connectors

M,




LT e e Embedded Computers

Typically w/o FP or MMU, but integrating various
peripheral functions, e.g., DSP
- Large variety in ISA, performance, on-chip peripherals
- Compatibility is non-issue, new ISA easy to enter, low power
become important
More architecture and survive longer:
4- or 8-bit microprocessor still in use
(8-bit for cost-sensitive, 32-bit for performance)

Large volume sale (billions) at low price ($40-$5)

Use of microprocessor:
— 1995 #1: x86; #2: 6800; #3: Hitachi SuperH (Sega)
- 2002 #1: ARM #2: x86; #3: Motorola 6800
Trend: lower cost, more functionality
- system-on-chip, uP core on ASIC

The Number of Distinct Processors
Sold

1200

Embedded computer 122
1100 - Deskiops
1000 Servers
200 802 g6z
» 800 -
]
2 700 ]
8
& eo0
2 £ 500 488
S 400
W LCn
- Y 300 290
: 200
B 0 14 135 129 131
100 -}
N\ Dophe 3 3 4 4 5
[ , .

T T T
Spasker 1998 1989 2000 2001 2002




Summary

e Computer architecture studies instruction set
architecture and computer organization

e Instruction set architecture is about interface

e All computers consist of five components:
- Processor: (1) datapath and (2) control
- (3) Memory
— (4) Input devices and (5) output devices
e Architecture design is an iterative process; must
consider:
— Device technology
- Application and market
- Performance evaluation



