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My First Computer in 1990

e I purchased my first computer in 1990

= CPU: 80286 running at 12MHz
e If you push a “turbo” button, it was running at a blazing-fast 16MHz!
= Main memory: 1MB

= Hard-disk: 20MB FEEDEES
= Black-and-white
= Operating syste
e Guess how-mu
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http://www.youtube.com/watch?v=ZXw4kHVmp7Y&feature=related
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The Computer Revolution

e Computer technology has been advancing rapidly

e Progress in computer technology makes novel
applications feasible. In the recent past, the
following applications were “computer science
fiction”

= Computers in automobiles
= Smartphones

= Human genome project

= World Wide Web

= Search Engines

e Now, computers are pervasive
= Computers are virtually everywhere in our every day life

Korea Univ



Classes of Computers

e Personal computers (PC)
= General-purpose
= Desktop, notebook (laptop), netbook

e Servers
= Running larger programs from multiple users
= Usually accessed via network
= High capacity, performance, reliability

= Range from small servers to building sized
e Low-end: Used for small business or Web serving

e High-end: supercomputers or datacenter with
hundreds to thousands processors with terabytes of
memory and petabytes of storage

e Embedded computers

= A computer inside another device used for running
predetermined applications

e Example: smartphones, ipod,

Korea Univ



Components of a Computer

e Same components for
all kinds of computer

= Desktop, server, embedded

e Input/output includes
= User-interface devices
e Display, keyboard, mouse

= Storage devices
e Hard disk, CD/DVD, flash

= Network adapters
e For communicating with other computers

Korea Univ



Anatomy of a Computer

Output device

Network cable

Input device 7 X\ J Input device
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Opening the Box

A e e e e D

Hard drive Processor Fan with Spot for Spot for Motherboard Fan with  DVD drive
cover memory battery cover
DIMMs

8 Korea Univ



A Desktop Computer System

FSB

EEEEE F o

card

(Front- Slde Bus) I
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e The term “Processor”

PCIe card
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Peripheral (Direct Media I/F) I ' W o
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; = Bridge =
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is used to refer to CPU
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Mouse

e Optical mouse

= Composed of LED for lighting, a
tiny black-and-white camera, and a
simple optical processor

e Optical processor example: Agilent

= LED illuminates the surface
underneath the mouse

= The camera takes 1500 sample
pictures a second under the
illumination

= Successive pictures are sent to the
optical processor

= The processor compares the
images and determines whether
the mouse has moved and how far

LED: Light-Emitting Diode 10 Korea Univ
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Display Devices

e Nowadays, LCDs (Liquid Crystal Displays) are used as display
devices

White |
Unpolarized
Light

Rear Glassk—| | |/ g
14

Polarizing Filmp——

Liquid Crystalsk———

LCD is not a source of light; It controls the transmission of light

Image is composed of pixels

Depending on the size of the screen and the resolution, the display matrix
ranges in size from 640 x 480 to 2560 x 1600

A color display might use 8 bits for each of 3 colors (red, blue, and green)
The image to be displayed is stored in memory called a frame buffer
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Main Memory and Storage

e Main memory (Volatile)
= Loses instructions and data when power off

e Secondary storage (Non-volatile)
= Magnetic disk
= Flash memory
= QOptical disk (CDROM, DVD)

® Main memory
(DDR)

—~ @ gy |

Magnetic hard-disk Flash memory Optical disk
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Networks

status ElE
lights &

Networks have become so popular that they are the backbone of current
computer systems

= Networks provide communication between computers, resource sharing of hardware

components, and non-local access from users

The most popular type of network is Ethernet

= Ethernet can be up to a kilometer long and transfer at up to 10Gbits/sec

. l(JEf\wl) to connect computers on the same floor of a building: Local Area Network
Wide Area Networks (WANSs) cross continents

=  WANSs are the backbone of the Internet, which supports the World Wide
Web(WWW)

-----------
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What Kinds of Processors (CPUs) Are There?

o Xx86

= Used in PC

= Intel ( ), AMD ( ), Via Technologies ( )
e POWER, PowerPC

= Used in Mac, but now it is replaced with Intel Processor

= Freescale (formerly Motorola):
e Sparc

= Used in workstation

= Sun Microsystems (Acquired by Oracle):

e ARM
= Most popular in embedded world
= ARM:

o MIPS

= Used in embedded world
= MIPS Technologies:

= We stick to MIPS architecture throughout this course
e Because architecture is easy to understand
e Because the book is based on MIPS

14 Korea Univ


http://www.intel.com/
http://www.amd.com/
http://www.via.com.tw/
http://www.freescale.com/
http://www.sun.com/
http://www.arm.com/
http://www.mips.com/

x867?

e What is x867?

= Generic term referring to processors from Intel, AMD and VIA

= Derived from the model numbers of the first few generations of processors:
8086, 80286, 80386, 80486 > x86

= Now it generally refers to processors from Intel, AMD, and VIA
e X86-16: 16-bit processor
e x86-32 (aka IA32): 32-bit processor * IA: Intel Architecture
o Xx86-64: 64-bit processor

o Intel takes about 80% of the PC market and AMD takes about 20%
= Apple has also been introducing Intel-based Mac from Nov. 2006

Power under the hood.

Inside the MacBook is a powerful 2.13GHz Intel
Core 2 Duo processor based on advanced Core
microarchitecture. MacBook provides a fast
1066MHz frontside bus and 3MEB of shared L2
cache, so you’ll have more than enough
horsepower to get the job done.

* aka: also known as 15 Korea Univ



x86 History (as of 2008)

40 years of
changlng the world

arnessed the power of the
le 1m people around the world
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x86 History (Cont.)

16-bit 32-bit (i386)
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Intel’s Core 2 Duo

e 2 cores on one chip
e Two levels of caches
(L1, L2) on chip

e 291 million transistors
in 143 mm? with
65nm technology

L2 Cache

Source: http://www.sandpile.org

18 Korea Univ



Intel’s Core 17

e 4 cores on one chip
e Three levels of caches ~ The First Nehalem Processor
(L1, L2, L3) on chip
e 731 million transistors [ & S SN ClylelgR el dee]l S
in 263 mm? with 45nm | ¥

technology

Shared L3 Cache_:_"f |

19 Korea Univ



Intel’s Core i7 (2" Gen.)

2nd Generation Sandy Bridge
Core i7
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12 | 256 KB s e e control,refg

including

[ ['| Display;
DMl and

' 3 | i e SRS RN Lo p = iy o 1 t i H
! > s : | | I |
: § i + ) R EEES i jan 88! J43]
4 i - i T o ol o T t = ot :
{ . ! } 1 AN ! | ! i ! &
L3 8MB : |i2 ‘ EEHR T L Misa 170

: { T N | 1 | .- .
o il : = H- B h
¥ £ r s ' = - o o (mme o e = - =g U IR | -

1 | )

995 miillion transistors
in 216 mm2 with 32nm
technology
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Intel’s Core i7 (3" Gen.)

3rd Generation

= 3rd Generation Intel® Core™ Processor:
Core 17 22n Process
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New architecture with shared cache delivering more performance and

- _ energy efficiency
1.4 billion transistors N G B e S e :
. 2 i uad Core die with Inte raphics shown above
in 160 mm? with 22nm Transistor count: 1.4Billion Die size: 160mm?2
t e Ch n OI o gy ** Cache s shared across all 4 cores and processor graphics

http://blog.mytechhelp.com/laptop-repair/the-ivy-bridge/ 21 Korea Univ



AMD’s Opteron — Barcelona (2007)

4 cores on one chip

1.9GHz clock

65nm technology

Three levels of caches (L1, L2, L3) on chip
Integrated North Bridge

HT PHY, link 1 |SIow I/O|Fuses|

128-bit FPU

Load/| L1 Data
2MB Store | Cache 512kB
Shared - L2 Core 2
L3 Execution | L2

Cache | Fetoh/ ctl

Decode/ | L1 Instr
Branch | Cache

HT PHY, link 2

L,

e .Ez-'

ey

sz -n Wt

YR W
.
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Core 4 Core 3

HT PHY, link 3
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(Semiconductor) Technology

(Semiconductor) Technology: How small can you make a transistor

= 0.1 pm (100nm), 90nm, 65nm, 45nm, 32nm, 22nm technologies
Transistor is simply an on/off switch controlled by electricity
IC (Integrated Circuit) combined dozens to hundreds of transistors into a
single chip
VLSI (Very Large Scale Integration) is used to describe the tremendous
increase in the number of transistors in a chip

source gate drain source gate drain

Polysilicon
Sio, Cﬁ

=L

Substrate

substrate

gate gate 7
1 A )
source ;L drain source I L drain
nMOS pMOS
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Feature Size (Technology) Trend

Feature Size
(microns) Examples

100 ‘k** Human hair, 100 um

Amoeba, 15 um

Red blood cell, 7 um

=== |ntel [update 5/20/02]

=s= |TRS [2001 edition] AIDS virus, 0.1 um

X

'60 '65 1 7D NSRS ' 90 '95 00 ‘05 ‘10
s

Projected

Buckyball, 0.001 um

** Planar Transistor; remaining data points are ICs.

Source: Intel, post ‘96 trand data provided by SIA
intarnational Tachnology Roadmap for Semiconductors (ITRS)
A [ITRS DRAM Half-Pitch vs. Intel “Lithography™]
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Moore’s Law

e Transistor count

will be doubled every 18 months

1.7
billions transistors
Montecito 10,000,000,000
Dual-Core Intel® [tanium® 2 Processor
1,000,000,000
MOORE'S LAW intel® Itankim® 2 Processor
Intel Ranium® Processor
intel® Pentium® 4 Processor 100,000,000
Intel Pentium® Bl Processor
Intel® Pentium*® Il Progessor 10,000,000
Intel® Pentium® Proce ::nr‘_,--"'"’
Intel486™ me:suﬂ;ﬂ 42millions
1,000,000
Intel386" Processor /
286 _.//. -
/ Exponential 100,000
BOEBG
growth
80ED / 10,000
BooE_ -~
4004 @
1,000
1970 1975 1980 1985 1940 1945 2000 2005 2010
25
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CMOS Gate Example: NOT Gate

NOT

Do F

S

Y %

Y
A
0
1

L GND

0

OFF ON 0

Layout (top view)
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Now, Let’'s Make an Inverter Chip

inte])

Core 2 Duo |- g2,

die

Your
Inverter
chip

] " 'I ' -
-~ R G —

e Yield means how many dies are working correctly after fabrication

2r Korea Univ



Backup Slides
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Transistor Cost

0.01

0.001

0.0001

0.00001

0.000001

0.0000001
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The Processor Market

embedded growth >> desktop growth

1200

mCell Phones mPCs
1000

800

Ll
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In Millions
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