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Installing the DVD

The DVD accompanying this book is playable on both a standalone DVD player (DVD player attached
to your television/home theater system) and a DVD drive installed in or connected to your PC.

Standalone DVD Video Players

To play the videos on this DVD, insert the DVD into your standalone DVD video player and navi-
gate the menus using your DVD player’s remote, just as you would do with any DVD.

Note

The DVD is coded to play in all regions. Technical Reference files and Windows Media Player—formatted videos are

also available on Scott's website at quepublishing.com/upgrading.

PC-Based DVD Drives
To play the DVD video content, do the following:
1. Insert the DVD into your PC’s DVD capable optical drive.
2. Run your previously installed DVD player application and select Play.
3. Navigate the DVD menus as you would any standard DVD video.

Most DVD drives include a DVD player/decoder application. If you do not currently have a DVD
player/decoder installed on your system, you can do one of the following:
Play the disc in a standard set-top DVD player.

Use Windows Media Player 9 or later along with an existing DVD decoder plug-in
(http://windows.microsoft.com/en-US/windows/products/windows-media).

Purchase a DVD decoder plug-in to use with Windows Media Player (http://windows.
microsoft.com/en-US/windows/downloads/windows-media-player/plug-ins).

Download and install a free media player/decoder combination, such as Media Player Classic
Home Cinema (http://mpc-hc.sourceforge.net) or the VLC media player
(www._videolan.org).

Purchase and install a commercial DVD player/decoder combination, such as PowerDVD by
CyberLink (www.cyberlink.com) or WinDVD by Corel (www.corel .com).

Here’s how to access the Technical Reference files, glossary, previous edition of the book, and any
other files on the DVD-ROM:

1. Insert the DVD into your PC’s DVD capable drive.

2. Open Windows Explorer (explorer.exe).

3. Right-click the icon for the DVD drive containing the disc.
4. Select Open or Explore.

5. Navigate through the folders and files just as if you were viewing files stored on your com-
puter’s hard drive, look for the DVD-ROM Content folder to find the extra files.

Note

The documents included in the DVD-ROM Content section of the DVD are in PDF format, which require Adobe Reader
fo view. The Adobe Reader is freely available at www. adobe . com.




System Requirements for DVD-ROM Video

The minimum system configuration is as follows:
Windows 98 SE, Me, 2000, XP, Vista, 7 or newer

DVD capable optical drive
DVD player and decoder software installed

Note

Your system must also meet the minimum requirements for the specific DVD player/decoder software you are using. Check

with the player/decoder software manufacturer for more information.

Access to DVD Content Without a DVD Player or DVD Drive
If you do not have a set-top DVD player or DVD drive, you can still access all the files included on
the DVD-ROM by visiting quepublishing.com/upgrading. To access these materials on the Web, fol-
low these steps:
1. Remove the DVD from the package insert and write down the password on the DVD label.
2, Visit quepublishing.com/upgrading and follow the DVD Vault link from the home page.

3. You will see videos available for many editions of the book. Select the 20th Edition and follow
the on-screen directions. You will need to enter the password found on the DVD’s label.

4. You can then download any of the files provided there, including Windows Media Player ver-
sions of the videos, Technical Reference files, glossary, previous edition of the book, and any
other files on the DVD-ROM.



Introduction

Welcome to Upgrading and Repairing PCs, 20th edition. Since debuting as the first book of its kind on
the market in 1988, no other book on PC hardware has matched the depth and quality of the infor-
mation found in this tome. This edition continues Upgrading and Repairing PCs’ role as not only the
best-selling book of its type, but also the most comprehensive and complete PC hardware reference
available. This book examines PCs in depth, outlines the differences among them, and presents
options for configuring each system.

The 20" edition of Upgrading and Repairing PCs provides you with the in-depth knowledge you
need to work with the most recent systems and components as well as providing you with an unex-
celled resource for understanding older systems. We have worked to make this book keep pace with
the rapid changes in the PC industry so that it continues to be the most accurate, complete, and in-
depth book of its kind on the market today.

I wrote this book for all PC enthusiasts who want to know everything about their PCs: how they
originated; how they’ve evolved; how to upgrade, troubleshoot, and repair them; and everything in
between. This book covers the full gamut of PC-compatible systems, from the oldest 8-bit machines
to the latest high-end 64-bit multicore processors and systems. If you need to know everything
about PC hardware from the original to the latest technology on the market today, this book and
the accompanying information-packed disc is definitely for you.

Upgrading and Repairing PCs also doesn’t ignore the less glamorous PC components. Every part of
your PC plays a critical role in its stability and performance. Over the course of this book, you’ll
find out exactly why your motherboard’s chipset might just be the most important part of your PC
and what can go wrong when you settle for a run-of-the-mill power supply that can’t get enough
juice to that monster graphics card you just bought. You'll also find in-depth coverage of technolo-
gies such as new six-core processors from Intel and AMD, processors with onboard graphics, graph-
ics cards for the fastest 3D gaming, the latest audio cards for sound producers and audiophiles,
SATA 6Gbps and USB 3.0 in the latest motherboards, advances in Blu-ray and solid state drives, and
more—it’s all in here, right down to the guts-level analysis of your mouse and keyboard.

Book Objectives

Upgrading and Repairing PCs focuses on several objectives. The primary objective is to help you learn
how to maintain, upgrade, and troubleshoot your PC system. To that end, Upgrading and Repairing
PCs helps you fully understand the family of computers that has grown from the original IBM PC,
including all PC-compatible systems. This book discusses all areas of system improvement, such as
motherboards, processors, memory, and even case and power-supply improvements. It covers
proper system and component care, specifies the most failure-prone items in various PC systems,
and tells you how to locate and identify a failing component. You'll learn about powerful diagnos-
tics hardware and software that enable a system to help you determine the cause of a problem and
how to repair it.

As always, PCs are moving forward rapidly in power and capabilities. Processor performance
increases with every new chip design. Upgrading and Repairing PCs helps you gain an understanding
of all the processors used in PC-compatible computer systems.

This book covers the important differences between major system architectures, from the original
Industry Standard Architecture (ISA) to the latest PCI Express interface standards. Upgrading and
Repairing PCs covers each of these system architectures and their adapter boards to help you make
decisions about which type of system you want to buy in the future and to help you upgrade and
troubleshoot such systems.
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The amount of storage space available to modern PCs is increasing geometrically. Upgrading and
Repairing PCs covers storage options ranging from larger, faster hard drives to state-of-the-art storage
devices.

When you finish reading this book, you should have the knowledge to upgrade, troubleshoot, and
repair almost any system and component.

The 20th Edition DVD-ROM

The 20th edition of Upgrading and Repairing PCs includes a DVD containing valuable content that
greatly enhances this book!

First, there’s the all-new DVD video with new segments covering hard disk construction, options for
external storage, the inner workings of PC power supplies and the critical role of capacitors in moth-
erboard operation and how the so-called “capacitor plague” has been a nightmare for system builders.

The DVD-ROM content includes my venerable Technical Reference material, a repository of reference
information that has appeared in previous editions of Upgrading and Repairing PCs but has been moved
to the disc to make room for coverage of newer technologies. The DVD-ROM also includes the com-
plete 19th edition of this book, a comprehensive PC glossary, a detailed list of acronyms, and much
more available in printable PDF format. There’s more PC hardware content and knowledge here than
you're likely to find from any other single source.

My Website: informit.com/upgrading

Don't forget about the InformIT Upgrading website! Here, you'll find a cache of helpful material to go
along with the book you're holding. I've loaded this site with tons of material—mine as well as from
other authors—ranging from video clips to book content and technology updates.

If you discover that the video on this book’s disc isn’t enough, you’ll find even more of my previously
recorded videos on the website. Not to mention that it is the best place to look for information on all
of Que’s Upgrading and Repairing titles.

I also have a private forum (www.forum.scottmueller.com) designed exclusively to support those who
have purchased my recent books and DVDs. I use the forum to answer questions and otherwise help
my loyal readers. If you own one of my current books or DVDs, feel free to join in and post questions.
I endeavor to answer each question personally, but I also encourage knowledgeable members to
respond. Anybody can view the forum without registering, but to post a question of your own you
need to join. Even if you don'’t join in, the forum is a tremendous resource because you can still bene-
fit from all the reader questions I have answered over the years.

Be sure to check the informit.com/upgrading website for more information on all my latest books,
videos, articles, FAQs, and more!

A Personal Note

When asked which was his favorite Corvette, Dave McLellan, former manager of the Corvette plat-
form at General Motors, always said, “Next year’s model.” Now with the new 20th edition, next year’s
model has just become this year’s model, until next year that is...


www.forum.scottmueller.com

Introduction 3

I believe this book is absolutely the best book of its kind on the market, and that is due in large part
to the extensive feedback I have received from both my seminar attendees and book readers. I am so
grateful to everyone who has helped me with this book through each edition, as well as all the loyal
readers who have been using this book, many of you since the first edition was published. I have had
personal contact with many thousands of you in the seminars I have been teaching since 1982, and I
enjoy your comments and even your criticisms tremendously. Using this book in a teaching environ-
ment has been a major factor in its development. Some of you might be interested to know that I
originally began writing this book in early 1985; back then it was self-published and used exclusively
in my PC hardware seminars before being professionally published by Que in 1988.

In one way or another, I have been writing and rewriting this book for more than 25 years! In that
time, Upgrading and Repairing PCs has proven to be not only the first but also the most comprehensive
and yet approachable and easy-to-understand book of its kind. With this new edition, it is even better
than ever. Your comments, suggestions, and support have helped this book to become the best PC
hardware book on the market. I look forward to hearing your comments after you see this exciting
new edition.

Scott






Development of the PC

Computer History: Before Personal Computers

Many discoveries and inventions have directly and indirectly contributed to the development of
the PC and other personal computers as we know them today. Examining a few important develop-
mental landmarks can help bring the entire picture into focus.

Timeline

The following is a timeline of significant events in computer history. It is not meant to be com-
plete, just a representation of some of the major landmarks in computer development:

1617

1642

1822

1906

1936

John Napier creates “Napier’s Bones,”
wooden or ivory rods used for
calculating.

Blaise Pascal introduces the Pascaline dig-
ital adding machine.

Charles Babbage introduces the
Difference Engine and later the
Analytical Engine, a true general-purpose
computing machine.

Lee De Forest patents the vacuum tube
triode, used as an electronic switch in the
first electronic computers.

Alan Turing publishes “On Computable
Numbers,” a paper in which he conceives
an imaginary computer called the Turing
Machine, considered one of the founda-
tions of modern computing. Turing later

1936

1937

worked on breaking the German Enigma
code.

Konrad Zuse begins work on a series of
computers that will culminate in 1941
when he finishes work on the Z3. These
are considered the first working electric
binary computers, using electromechani-
cal switches and relays.

John V. Atanasoff begins work on the
Atanasoff-Berry Computer (ABC), which
would later be officially credited as the
first electronic computer. Note that an
electronic computer uses tubes, transistors,
or other solid-state switching devices,
whereas an electric computer uses electric
motors, solenoids, or relays (electro-
mechanical switches).
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1943

1945

1946

1947

1949

1950

1952

1953

1954

1954

1955

1956

Thomas (Tommy) Flowers develops the
Colossus, a secret British code-breaking
computer designed to decode teleprinter
messages encrypted by the German army.

John von Neumann writes “First Draft of a
Report on the EDVAC,” in which he out-
lines the architecture of the modern
stored-program computer.

ENIAC is introduced, an electronic com-
puting machine built by John Mauchly
and ]. Presper Eckert.

On December 23, William Shockley,
Walter Brattain, and John Bardeen success-
fully test the point-contact transistor, set-
ting off the semiconductor revolution.

Maurice Wilkes assembles the EDSAC, the
first practical stored-program computer, at
Cambridge University.

Engineering Research Associates of
Minneapolis builds the ERA 1101, one
of the first commercially produced
computers.

The UNIVAC I delivered to the U.S.
Census Bureau is the first commercial
computer to attract widespread public
attention.

IBM ships its first electronic computer,
the 701.

A silicon-based junction transistor, per-
fected by Gordon Teal of Texas
Instruments, Inc., brings a tremendous
reduction in costs.

The IBM 650 magnetic drum calculator
establishes itself as the first mass-produced
computer, with the company selling 450
in one year.

Bell Laboratories announces the first fully
transistorized computer, TRADIC.

MIT researchers build the TX-0, the first
general-purpose, programmable computer
built with transistors.

1956

1958

1959

1959

1960

1961

1964

1964

1965

1969

1971

The era of magnetic disk storage dawns
with IBM’s shipment of a 305 RAMAC to
Zellerbach Paper in San Francisco.

Jack Kilby creates the first integrated cir-
cuit at Texas Instruments to prove that
resistors and capacitors can exist on the
same piece of semiconductor material.

IBM’s 7000 series mainframes are the com-
pany’s first transistorized computers.

Robert Noyce’s practical integrated circuit,
invented at Fairchild Camera and
Instrument Corp., allows printing of con-
ducting channels directly on the silicon
surface.

Bell Labs designs its Dataphone, the first
commercial modem, specifically for con-
verting digital computer data to analog
signals for transmission across its long-
distance network.

According to Datamation magazine, IBM
has an 81.2% share of the computer mar-
ket in 1961, the year in which it intro-
duces the 1400 series.

IBM announces System/360, a family of
six mutually compatible computers and
40 peripherals that can work together.

Online transaction processing makes its
debut in IBM’s SABRE reservation system,
set up for American Airlines.

Digital Equipment Corp. introduces the
PDP-8, the first commercially successful
minicomputer.

The root of what is to become the Internet
begins when the Department of Defense
establishes four nodes on the ARPAnet:
two at University of California campuses
(one at Santa Barbara and one at Los
Angeles) and one each at Stanford
Research Institute and the University of
Utah.

A team at IBM’s San Jose Laboratories
invents the 8-inch floppy disk drive.
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1971

1971

1972

1973

1973

1973

1974

1974

1975

1975

1976

1976

1977
1977
1977

1979

The first advertisement for a microproces-
sor, the Intel 4004, appears in Electronic
News.

The Kenbak-1, one of the first personal
computers, is advertised for $750 in
Scientific American.

Intel’s 8008 microprocessor makes its
debut.

Robert Metcalfe devises the Ethernet
method of network connection at the
Xerox Palo Alto Research Center.

The Micral is the earliest commercial,
nonkit personal computer based on a
microprocessor, the Intel 8008.

The TV Typewriter, designed by Don
Lancaster, provides the first display of
alphanumeric information on an ordinary
television set.

Researchers at the Xerox Palo Alto
Research Center design the Alto, the first
workstation with a built-in mouse for
input.

Scelbi advertises its 8H computer, the first
commercially advertised U.S. computer
based on a microprocessor, Intel’s 8008.

Telenet, the first commercial packet-
switching network and civilian equivalent
of ARPAnet, is born.

The January edition of Popular Electronics
features the Altair 8800, which is based on
Intel’s 8080 microprocessor, on its cover.

Steve Wozniak designs the Apple I, a
single-board computer.

The 5 1/4-inch floppy disk drive is intro-
duced by Shugart Associates.

Tandy RadioShack introduces the TRS-80.
Apple Computer introduces the Apple II.

Commodore introduces the PET (Personal
Electronic Transactor).

Motorola introduces the 68000 micro-
processor.

1980

1981

1981

1981

1981

1981

1983

1983

1984

1984

1985
1986

1987

Seagate Technology creates the first hard
disk drive for microcomputers, the ST-506.

Xerox introduces the Star, the first per-
sonal computer with a graphical user
interface (GUI).

Adam Osborne completes the first portable
computer, the Osborne I, which weighs
24 pounds and costs $1,795.

IBM introduces its PC, igniting a fast
growth of the personal computer market.
The IBM PC is the grandfather of all
modern PCs.

Sony introduces and ships the first 3 1/2-
inch floppy disk drive.

Philips and Sony introduce the CD-DA
(compact disc digital audio) format.

Apple introduces its Lisa, which incorpo-
rates a GUI that’s similar to the one intro-
duced on the Xerox Star.

Compaq Computer Corp. introduces its
first PC clone that uses the same software
as the IBM PC.

Apple Computer launches the Macintosh,
the first successful mouse-driven computer
with a GUI, with a single $1.5 million
commercial during the 1984 Super Bowl.

IBM releases the PC-AT (PC Advanced
Technology), three times faster than origi-
nal PCs and based on the Intel 286 chip.
The AT introduces the 16-bit ISA bus and
is the computer on which all modern PCs
are based.

Philips introduces the first CD-ROM drive.

Compaq announces the Deskpro 386, the
first computer on the market to use Intel’s
32-bit 386 chip.

IBM introduces its PS/2 machines, which
make the 3 1/2-inch floppy disk drive and
VGA video standard for PCs. The PS/2 also
introduces the MicroChannel Architecture
(MCA) bus, the first plug-and-play bus

for PCs.
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1988

1988

1988

1989

1990

1993

1995

1995

1997

1997

1998
1998

Apple cofounder Steve Jobs, who left
Apple to form his own company, unveils
the NeXT Computer.

Compagq and other PC-clone makers
develop Enhanced Industry Standard
Architecture (EISA), which unlike
MicroChannel retains backward compati-
bility with the existing ISA bus.

Robert Morris’s worm floods the ARPAnet.
The 23-year-old Morris, the son of a com-
puter security expert for the National
Security Agency, sends a nondestructive
worm through the Internet, causing prob-
lems for about 6,000 of the 60,000 hosts
linked to the network.

Intel releases the 486 (P4) microprocessor,
which contains more than one million
transistors. Intel also introduces 486
motherboard chipsets.

The World Wide Web (WWW) is born
when Tim Berners-Lee, a researcher at
CERN—the high-energy physics laboratory
in Geneva—develops Hypertext Markup
Language (HTML).

Intel releases the Pentium (P5) processor.
Intel shifts from numbers to names for its
chips after the company learns it’s impos-
sible to trademark a number. Intel also
releases motherboard chipsets and, for the
first time, complete motherboards.

Intel releases the Pentium Pro processor,
the first in the P6 processor family.

Microsoft releases Windows 95 in a huge
rollout.

Intel releases the Pentium II processor,
essentially a Pentium Pro with MMX
instructions added.

AMD introduces the K6, which is compati-
ble with the Intel P5 (Pentium).

Microsoft releases Windows 98.

Intel releases the Celeron, a low-cost ver-
sion of the Pentium II processor. Initial

1999

1999
1999

2000

2000

2000

2000

2000

2001

2001

2001

2001

versions have no cache, but within a few
months Intel introduces versions with a
smaller but faster L2 cache.

Intel releases the Pentium III, essentially a
Pentium II with SSE (Streaming SIMD
Extensions) added.

AMD introduces the Athlon.

The IEEE officially approves the SGHz
band 802.11a 54Mbps and 2.4GHz band
802.11b 11Mbps wireless networking stan-
dards. The Wi-Fi Alliance is formed to cer-
tify 802.11b products, ensuring
interoperability.

The first 802.11b Wi-Fi-certified products
are introduced, and wireless networking
rapidly builds momentum.

Microsoft releases Windows Me
(Millennium Edition) and Windows 2000.

Both Intel and AMD introduce processors
running at 1GHz.

AMD introduces the Duron, a low-cost
Athlon with reduced L2 cache.

Intel introduces the Pentium 4, the latest
processor in the Intel Architecture 32-bit

(IA-32) family.

The industry celebrates the 20th anniver-
sary of the release of the original IBM PC.

Intel introduces the first 2GHz processor, a
version of the Pentium 4. It takes the
industry 28 1/2 years to go from 108KHz
to 1GHz but only 18 months to go from
1GHz to 2GHz.

Microsoft releases Windows XP, the first
mainstream 32-bit operating system (OS),
merging the consumer and business OS
lines under the same code base (NT 5.1).

Atheros introduces the first 802.11a
54Mbps high-speed wireless chips, allow-
ing 802.11a products to finally reach the
market.
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2002

2003

2003

2003

2004

2004

2005

2005

2006

2006

2006

Intel releases the first 3GHz-class proces-
sor, a 3.06GHz version of the Pentium 4.
This processor also introduces Intel’s
Hyper-Threading (HT) technology, appear-
ing as two processors to the OS.

Intel releases the Pentium M, a processor
designed specifically for mobile systems,
offering extremely low power consump-
tion that results in dramatically increased
battery life while still offering relatively
high performance.

AMD releases the Athlon 64, the first x86-
64 (64-bit) processor for PCs, which also
includes integrated memory controllers.

The IEEE officially approves the 802.11g
54Mbps high-speed wireless networking
standard.

Intel introduces a version of the Pentium
4 codenamed Prescott, the first PC proces-
sor built on 90-nanometer technology.

Intel introduces EM64T (Extended
Memory 64 Technology), which is a 64-bit
extension to Intel’s IA-32 architecture
based on (and virtually identical to) the
x86-64 (AMD64) technology first released
by AMD.

Microsoft releases Windows XP x64
Edition, which supports processors with
64-bit AMD64 and EM64T extensions.

The era of multicore PC processors begins
as Intel introduces the Pentium D 8xx and
Pentium Extreme Edition 8xx dual-core
processors. AMD soon follows with the
dual-core Athlon 64 X2.

Apple introduces the first Macintosh sys-
tems based on PC architecture, stating
they are four times faster than previous
non-PC-based Macs.

Intel introduces the Core 2 Extreme, the
first quad-core processor for PCs.

Microsoft releases the long-awaited
Windows Vista to business users. The PC

2007

2007

2008

2008

2009

2009

2010

2010

2011

OEM and consumer market releases would
follow in early 2007.

Intel releases the 3x series chipsets with
support for DDR3 memory and PCI
Express 2.0, which doubles the available
bandwidth.

AMD releases the Phenom processors, the
first quad-core processors for PCs with all
four cores on a single die.

Intel releases the Core i-Series (Nehalem)
processors, which are dual- or quad-core
chips with optional Hyper-Threading
(appearing as four or eight cores to the
OS) that include an integrated memory
controller.

Intel releases the 4x and 5x series chipsets,
the latter of which supports Core i-Series
processors with integrated memory
controllers.

Microsoft releases Windows 7, a highly
anticipated successor to Vista.

AMD releases the Phenom II processors in
2-, 3-, and 4-core versions.

Intel releases six-core versions of the Core
i-Series processor (Gulftown) and a dual-
core version with integrated graphics
(Clarkdale). The Gulftown is the first PC
processor with more than 1 billion
transistors.

AMD releases six-core versions of the
Phenom II processor.

Intel releases the second-generation Core
i-Series processors along with new 6-Series
motherboard chipsets. The chipsets and
motherboards are quickly recalled due to a
bug in the SATA host adapter. The recall
costs Intel nearly a billion dollars and
results in a several month delay in the
processors and chipsets reaching the
market.
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Electronic Computers

A physicist named John V. Atanasoff (with associate Clifford Berry) is officially credited with creating
the first true digital electronic computer from 1937 to 1942, while working at Iowa State University.
The Atanasoff-Berry Computer (called the ABC) was the first to use modern digital switching tech-
niques and vacuum tubes as switches, and it introduced the concepts of binary arithmetic and logic
circuits. This was made legally official on October 19, 1973 when, following a lengthy court trial, U.S.
Federal Judge Earl R. Larson voided the ENIAC patent of Eckert and Mauchly and named Atanasoff as
the inventor of the first electronic digital computer.

Military needs during World War II caused a great thrust forward in the evolution of computers. In
1943, Tommy Flowers completed a secret British code-breaking computer called Colossus, which was
used to decode German secret messages. Unfortunately, that work went largely uncredited because
Colossus was kept secret until many years after the war.

Besides code-breaking, systems were needed to calculate weapons trajectory and other military func-
tions. In 1946, John P. Eckert, John W. Mauchly, and their associates at the Moore School of Electrical
Engineering at the University of Pennsylvania built the first large-scale electronic computer for the
military. This machine became known as ENIAC, the Electrical Numerical Integrator and Calculator. It
operated on 10-digit numbers and could multiply two such numbers at the rate of 300 products per
second by finding the value of each product from a multiplication table stored in its memory. ENIAC
was about 1,000 times faster than the previous generation of electromechanical relay computers.

ENIAC used approximately 18,000 vacuum tubes, occupied 1,800 square feet (167 square meters) of
floor space, and consumed around 180,000 watts of electrical power. Punched cards served as the
input and output; registers served as adders and as quick-access read/write storage.

The executable instructions composing a given program were created via specified wiring and
switches that controlled the flow of computations through the machine. As such, ENIAC had to be
rewired and switched for each program to be run.

Although Eckert and Mauchly were originally given a patent for the electronic computer, it was later
voided and the patent awarded to John Atanasoff for creating the Atanasoff-Berry Computer.

Earlier in 1945, the mathematician John von Neumann demonstrated that a computer could have a
simple, fixed physical structure and yet be capable of executing any kind of computation effectively
by means of proper programmed control without changes in hardware. In other words, you could
change the program without rewiring the system. The stored-program technique, as von Neumann'’s
ideas are known, became fundamental for future generations of high-speed digital computers and has
become universally adopted.

The first generation of modern programmed electronic computers to take advantage of these improve-
ments appeared in 1947. This group of machines included EDVAC and UNIVAC, the first commer-
cially available computers. These computers included, for the first time, the use of true random access
memory (RAM) for storing parts of the program and the data that is needed quickly. Typically, they
were programmed directly in machine language, although by the mid-1950s progress had been made
in several aspects of advanced programming. The standout of the era is the UNIVAC (Universal
Automatic Computer), which was the first true general-purpose computer designed for both alphabeti-
cal and numerical uses. This made the UNIVAC a standard for business, not just science and the
military.
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Modern Computers

From UNIVAC to the latest desktop PCs, computer evolution has moved very rapidly. The first-
generation computers were known for using vacuum tubes in their construction. The generation
to follow would use the much smaller and more efficient transistor.

From Tubes to Transistors

Any modern digital computer is largely a collection of electronic switches. These switches are used to
represent and control the routing of data elements called binary digits (or bits). Because of the on-or-
off nature of the binary information and signal routing the computer uses, an efficient electronic
switch was required. The first electronic computers used vacuum tubes as switches, and although the
tubes worked, they had many problems.

The type of tube used in early computers was called a triode and was invented by Lee De Forest in
1906 (see Figure 1.1). It consists of a cathode and a plate, separated by a control grid, suspended in a
glass vacuum tube. The cathode is heated by a red-hot electric filament, which causes it to emit elec-
trons that are attracted to the plate. The control grid in the middle can control this flow of electrons.
By making it negative, you cause the electrons to be repelled back to the cathode; by making it posi-
tive, you cause them to be attracted toward the plate. Thus, by controlling the grid current, you can
control the on/off output of the plate.

Grid

Heated —1>» <€—Plate

Cathode

Figure 1.1 The three main components of a basic triode vacuum tube.

Unfortunately, the tube was inefficient as a switch. It consumed a great deal of electrical power and
gave off enormous heat—a significant problem in the earlier systems. Primarily because of the heat
they generated, tubes were notoriously unreliable—in larger systems, one failed every couple of hours
or so.

The invention of the transistor was one of the most important developments leading to the personal
computer revolution. The transistor was invented in 1947 and announced in 1948 by Bell Laboratory
engineers John Bardeen and Walter Brattain. Bell associate William Shockley invented the junction
transistor a few months later, and all three jointly shared the Nobel Prize in Physics in 1956 for
inventing the transistor. The transistor, which essentially functions as a solid-state electronic switch,
replaced the less-suitable vacuum tube. Because the transistor was so much smaller and consumed sig-
nificantly less power, a computer system built with transistors was also much smaller, faster, and more
efficient than a computer system built with vacuum tubes.



12 Chapter 1 Development of the PC

The conversion from tubes to transistors began the trend toward miniaturization that continues to
this day. Today’s small laptop PC (or netbook, if you prefer) and even Tablet PC systems, which run
on batteries, have more computing power than many earlier systems that filled rooms and consumed
huge amounts of electrical power.

Although there have been many designs for transistors over the years, the transistors used in modern
computers are normally Metal Oxide Semiconductor Field Effect Transistors (MOSFETs). MOSFETs are
made from layers of materials deposited on a silicon substrate. Some of the layers contain silicon with
certain impurities added by a process called doping or ion bombardment, whereas other layers include
silicon dioxide (which acts as an insulator), polysilicon (which acts as an electrode), and metal to act
as the wires to connect the transistor to other components. The composition and arrangement of the
different types of doped silicon allow them to act both as a conductor or an insulator, which is why
silicon is called a semiconductor.

MOSFETs can be constructed as either NMOS or PMOS types, based on the arrangement of doped sili-
con used. Silicon doped with boron is called P-type (positive) because it lacks electrons, whereas sili-
con doped with phosphorus is called N-type (negative) because it has an excess of free electrons.

MOSFETs have three connections, called the source, gate, and drain. An NMOS transistor is made by
using N-type silicon for the source and drain, with P-type silicon placed in between (see Figure 1.2).
The gate is positioned above the P-type silicon, separating the source and drain, and is separated from
the P-type silicon by an insulating layer of silicon dioxide. Normally there is no current flow between
N-type and P-type silicon, thus preventing electron flow between the source and drain. When a posi-
tive voltage is placed on the gate, the gate electrode creates a field that attracts electrons to the P-type
silicon between the source and drain. That in turn changes that area to behave as if it were N-type sil-
icon, creating a path for current to flow and turning the transistor “on.”

Metal conductors

Gate \
\
Source Drain
\VA 4 /
Polysilicon gate Silicon dioxide
electrode (insulator)
- N
P-type silicon

N-type N-type
silicon silicon

Silicon substrate

Figure 1.2 Cutaway view of an NMOS transistor.

A PMOS transistor works in a similar but opposite fashion. P-type silicon is used for the source and
drain, with N-type silicon positioned between them. When a negative voltage is placed on the gate,
the gate electrode creates a field that repels electrons from the N-type silicon between the source and



History of the PC | Chapter 1 13

drain. That in turn changes that area to behave as if it were P-type silicon, creating a path for current
to flow and turning the transistor “on.”

When both NMOS and PMOS field-effect transistors are combined in a complementary arrangement,
power is used only when the transistors are switching, making dense, low-power circuit designs possi-
ble. Because of this, virtually all modern processors are designed using CMOS (Complementary Metal
Oxide Semiconductor) technology.

Compared to a tube, a transistor is much more efficient as a switch and can be miniaturized to micro-
scopic scale. Since the transistor was invented, engineers have strived to make it smaller and smaller.
In 2003, NEC researchers unveiled a silicon transistor only 5 nanometers (billionths of a meter) in
size. Other technology, such as Graphene and carbon nanotubes, are being explored to produce even
smaller transistors, down to the molecular or even atomic scale. In 2008, British researchers unveiled
a Graphene-based transistor only 1 atom thick and 10 atoms (1nm) across, and in 2010, IBM
researchers created Graphene transistors switching at a rate of 100 gigahertz, thus paving the way for
future chips denser and faster than possible with silicon-based designs.

Integrated Circuits

The third generation of modern computers is known for using integrated circuits instead of individual
transistors. Jack Kilby at Texas Instruments and Robert Noyce at Fairchild are both credited with hav-
ing invented the integrated circuit (IC) in 1958 and 1959. An IC is a semiconductor circuit that con-
tains more than one component on the same base (or substrate material), which are usually
interconnected without wires. The first prototype IC constructed by Kilby at TT in 1958 contained
only one transistor, several resistors, and a capacitor on a single slab of germanium, and it featured
fine gold “flying wires” to interconnect them. However, because the flying wires had to be individu-
ally attached, this type of design was not practical to manufacture. By comparison, Noyce patented
the “planar” IC design in 1959, where all the components are diffused in or etched on a silicon base,
including a layer of aluminum metal interconnects. In 1960, Fairchild constructed the first planar IC,
consisting of a flip-flop circuit with four transistors and five resistors on a circular die only about
20mm? in size. By comparison, the Intel Core i7 quad-core processor incorporates 731 million transis-
tors (and numerous other components) on a single 263mm? die!

History of the PC

The fourth generation of the modern computer includes those that incorporate microprocessors in
their designs. Of course, part of this fourth generation of computers is the personal computer, which
itself was made possible by the advent of low-cost microprocessors and memory.

Birth of the Personal Computer

In 1973, some of the first microcomputer kits based on the 8008 chip were developed. These kits were
little more than demonstration tools and didn’t do much except blink lights. In April 1974, Intel
introduced the 8080 microprocessor, which was 10 times faster than the earlier 8008 chip and
addressed 64KB of memory. This was the breakthrough that the personal computer industry had been
waiting for.

A company called MITS introduced the Altair 8800 kit in a cover story in the January 1975 issue of
Popular Electronics. The Altair kit, considered by many to be the first personal computer, included an
8080 processor, a power supply, a front panel with a large number of lights, and 256 bytes (not kilo-
bytes) of memory. The kit sold for $395 and had to be assembled. Assembly back then meant you got
out your soldering iron to actually finish the circuit boards—not like today, where you can assemble a
system of premade components with nothing more than a screwdriver.
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Note

Micro Instrumentation and Telemetry Systems was the original name of the company founded in 1969 by Ed Roberts and

several associates to manufacture and sell instruments and fransmitters for model rockets. Ed Roberts became the sole
owner in the early 1970s, after which he designed the Altair. By January 1975, when the Altair was introduced, the com-
pany was called MITS, Inc., which then stood for nothing more than the name of the company. In 1977, Roberts sold
MITS to Perfec, moved to Georgia, went fo medical school, and became a pracficing physician. Considered by many fo
be the “father of the personal computer,” Roberts passed away in 2010 after a long bout with pneumonia.

The Altair included an open architecture system bus later called the S-100 bus, so named because it
became an industry standard and had 100 pins per slot. The S-100 bus was widely adopted by other
computers that were similar to the Altair, such as the IMSAI 8080, which was featured in the movie
WarGames. The S-100 bus open architecture meant that anybody could develop boards to fit in these
slots and interface to the system, and it ensured a high level of cross-compatibility between different
boards and systems. The popularity of 8080 processor-based systems inspired software companies to
write programs, including the CP/M (control program for microprocessors) OS and the first version of
the Microsoft BASIC (Beginners All-purpose Symbolic Instruction Code) programming language.

IBM introduced what can be called its first personal computer in 1975. The Model 5100 had 16KB of
memory, a built-in 16-line-by-64-character display, a built-in BASIC language interpreter, and a built-
in DC-300 cartridge tape drive for storage. The system’s $8,975 price placed it out of the mainstream
personal computer marketplace, which was dominated by experimenters (affectionately referred to as
hackers) who built low-cost kits ($500 or so) as a hobby. Obviously, the IBM system was not in compe-
tition for this low-cost market and did not sell as well by comparison.

The Model 5100 was succeeded by the 5110 and 5120 before IBM introduced what we know as the
IBM Personal Computer (Model 5150). Although the 5100 series preceded the IBM PC, the older sys-
tems and the 5150 IBM PC had nothing in common. The PC that IBM turned out was more closely
related to the IBM System/23 DataMaster, an office computer system introduced in 1980. In fact,
many of the engineers who developed the IBM PC had originally worked on the DataMaster.

In 1976, a new company called Apple Computer introduced the Apple I, which originally sold for
$666.66. The selling price was an arbitrary number selected by one of Apple’s cofounders, Steve Jobs.
This system consisted of a main circuit board screwed to a piece of plywood; a case and power supply
were not included. Only a few of these computers were made, and they reportedly have sold to collec-
tors for more than $20,000. The Apple II, introduced in 1977, helped set the standard for nearly all
the important microcomputers to follow, including the IBM PC.

The microcomputer world was dominated in 1980 by two types of computer systems. One type, the
Apple 1I, claimed a large following of loyal users and a gigantic software base that was growing at a
fantastic rate. The other type, CP/M systems, consisted not of a single system but of all the many sys-
tems that evolved from the original MITS Altair. These systems were compatible with one another and
were distinguished by their use of the CP/M OS and expansion slots, which followed the S-100 stan-
dard. All these systems were built by a variety of companies and sold under various names. For the
most part, however, these systems used the same software and plug-in hardware. It is interesting to
note that none of these systems was PC compatible or Macintosh compatible, the two primary stan-
dards in place today.

A new competitor looming on the horizon was able to see that to be successful, a personal computer
needed to have an open architecture, slots for expansion, a modular design, and healthy support from
both hardware and software companies other than the original manufacturer of the system. This com-
petitor turned out to be IBM, which was quite surprising at the time because IBM was not known for
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systems with these open-architecture attributes. IBM, in essence, became more like the early Apple,
whereas Apple became like everybody expected IBM to be. The open architecture of the forthcoming
IBM PC and the closed architecture of the forthcoming Macintosh caused a complete turnaround in
the industry.

The IBM Personal Computer

At the end of 1980, IBM decided to truly compete in the rapidly growing low-cost personal computer
market. The company established the Entry Systems Division, located in Boca Raton, Florida, to
develop the new system. The division was intentionally located far away from IBM’s main head-
quarters in New York, or any other IBM facilities, so that it would be able to operate independently

as a separate unit. This small group consisted of 12 engineers and designers under the direction of
Don Estridge and was charged with developing IBM’s first real PC. (IBM considered the previous 5100
system, developed in 1975, to be an intelligent programmable terminal rather than a genuine com-
puter, even though it truly was a computer.) Nearly all these engineers had come to the new division
from the System/23 DataMaster project, which was a small office computer system introduced in 1980
and the direct predecessor of the IBM PC.

Much of the PC'’s design was influenced by the DataMaster design. In the DataMaster’s single-piece

design, the display and keyboard were integrated into the unit. Because these features were limiting,
they became external units on the PC, although the PC keyboard layout and electrical designs were
copied from the DataMaster.

Several other parts of the IBM PC system also were copied from the DataMaster, including the expan-
sion bus (or input/output slots), which included not only the same physical 62-pin connector, but
also almost identical pin specifications. This copying of the bus design was possible because the PC
used the same interrupt controller as the DataMaster and a similar direct memory access (DMA) con-
troller. Also, expansion cards already designed for the DataMaster could easily be redesigned to func-
tion in the PC.

The DataMaster used an Intel 8085 CPU, which had a 64KB address limit and an 8-bit internal and
external data bus. This arrangement prompted the PC design team to use the Intel 8088 CPU, which
offered a much larger (1IMB) memory address limit and an internal 16-bit data bus, but only an 8-bit
external data bus. The 8-bit external data bus and similar instruction set enabled the 8088 to be easily
interfaced into the earlier DataMaster designs.

IBM brought its system from idea to delivery of functioning systems in one year by using existing
designs and purchasing as many components as possible from outside vendors. The Entry Systems
Division was granted autonomy from IBM’s other divisions and could tap resources outside the com-
pany, rather than go through the bureaucratic procedures that required exclusive use of IBM
resources. IBM contracted out the PC’s languages and OS to a small company named Microsoft. That
decision was the major factor in establishing Microsoft as the dominant force in PC software.

Note

It is inferesting fo notfe that IBM had originally contacted Digital Research (the company that created CP/M, then the most

popular personal computer OS) to have it develop an OS for the new IBM PC. However, Digital was leery of working
with IBM and especially balked at the nondisclosure agreement IBM wanted Digital to sign. Microsoft jumped on the
opportunity left open by Digital Research and, consequently, became the largest software company in the world. IBM's
use of outside vendors in developing the PC was an open invitation for the aftermarket to jump in and support the
system—and it did.
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On August 12, 1981, a new standard was established in the microcomputer industry with the debut of
the IBM PC. Since then, hundreds of millions of PC-compatible systems have been sold, as the origi-
nal PC has grown into an enormous family of computers and peripherals. More software has been
written for this computer family than for any other system on the market.

The PC Industry 30 Years Later

In the 30 years since the original IBM PC was introduced, many changes have occurred. The IBM-
compatible computer, for example, advanced from a 4.77MHz 8088-based system to 3GHz
(3,000MHz) or faster systems—about 100,000 or more times faster than the original IBM PC (in actual
processing speed, not just clock speed). The original PC had only one or two single-sided floppy drives
that stored 160KB each using DOS 1.0, whereas modern systems can have several terabytes (trillion
bytes) or more of hard disk storage.

A rule of thumb in the computer industry (called Moore’s Law, originally set forth by Intel cofounder
Gordon Moore) is that available processor performance and disk-storage capacity doubles every one
and a half to two years, give or take.

Since the beginning of the PC industry, this pattern has held steady and, if anything, seems to be
accelerating.

Moore’s Law

In 1965, Gordon Moore was preparing a speech about the growth frends in computer memory and made an interesting
observation. When he began to graph the data, he realized a striking frend existed. Each new chip confained roughly
twice as much capacity as its predecessor, and each chip was released within 18-24 months of the previous chip. If this

trend confinued, he reasoned, computing power would rise exponentially over relatively brief periods.

Moore's observation, now known as Moore’s Law, described a trend that has continued to this day and is sfill remarkably
accurate. It was found to not only describe memory chips, but also accurately describe the growth of processor power
and disk drive sforage capacity. It has become the basis for many indusiry performance forecasts. As an example, in less
than 40 years the number of transistors on a processor chip increased more than half a million fold, from 2,300 transistors
in the 4004 processor in 1971 to 1.17 billion fransistors in the six-core versions of the Core i-Series processors released

in 2010.

In addition to performance and storage capacity, another major change since the original IBM PC was
introduced is that IBM is not the only manufacturer of PC-compatible systems. IBM originated the
PC-compatible standard, of course, but today it no longer sets the standards for the system it origi-
nated. More often than not, new standards in the PC industry are developed by companies and orga-
nizations other than IBM.

Today, Intel, Microsoft, and AMD are primarily responsible for developing and extending the PC
hardware and software standards. Some have even taken to calling PCs “Wintel” systems, owing to
the dominance of the first two companies. Although AMD originally produced Intel processors under
license and later produced low-cost, pin-compatible counterparts to Intel’s 486 and Pentium proces-
sors (AMD 486, K5/K6), starting with the Athlon AMD has created completely unique processors that
are worthy rivals to Intel’s own models.

In more recent years, the introduction of hardware standards such as the universal serial bus (USB),
Peripheral Component Interconnect (PCI) bus, Accelerated Graphics Port (AGP) bus, PCI Express bus,
ATX motherboard form factor, as well as processor socket and slot interfaces show that Intel is the
driving force behind PC hardware design. Intel’s ability to design and produce motherboard chipsets
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as well as complete motherboards has enabled Intel processor-based systems to first adopt newer
memory and bus architectures as well as system form factors. Although in the past AMD has on occa-
sion made chipsets for its own processors, the company’s acquisition of ATI has allowed it to become
more aggressive in the chipset marketplace.

PC-compatible systems have thrived not only because compatible hardware can be assembled easily,
but also because the most popular OS was available not from IBM but from a third party (Microsoft).
The core of the system software is the basic input/output system (BIOS); this was also available from
third-party companies, such as AMI, Phoenix, and others. This situation enabled other manufacturers
to license the OS and BIOS software and sell their own compatible systems. The fact that DOS bor-
rowed the functionality and user interface from both CP/M and UNIX probably had a lot to do with
the amount of software that became available. Later, with the success of Windows, even more reasons
would exist for software developers to write programs for PC-compatible systems.

One reason Apple’s Macintosh systems have never enjoyed the market success of PC systems is that
Apple has often used proprietary hardware and software designs that it was unwilling to license to
other companies. This proprietary nature has unfortunately relegated Apple to a meager 5% market
share in personal computers.

One fortunate development for Mac enthusiasts was Apple’s shift to Intel x86 processors and PC
architecture in 2006, resulting in greatly improved performance and standardization as compared

to the previous non-PC-compatible Mac systems. Although Apple has failed to adopt some of the
industry-standard component form factors used in PCs (rendering major components such as mother-
boards noninterchangeable), the PC-based Macs truly are PCs from a hardware standpoint, using all
the same processors, chipsets, memory, buses, and other system architectures that PCs have been
using for years. I've had people ask me, “Is there a book like Upgrading and Repairing PCs that covers
Macs instead?” Well, since 2006 Macs have essentially become PCs, they are now covered in this book
by default! The move to a PC-based architecture is without a doubt the smartest move Apple has
made in years—besides reducing Apple’s component costs, it allows Macs to finally perform on par
with PCs.

Apple could even become a real contender in the OS arena (taking market share from Microsoft) if the
company would only sell its OS in an unlocked version that would run on non-Apple PCs.
Unfortunately for now, even though Apple’s OS X operating system is designed to run on PC hard-
ware, it is coded to check for a security chip found only on Apple motherboards. There are ways to
work around the check (see OSx86project.org), but Apple does not support them.

Apple’s shift to a PC-based architecture is one more indication of just how popular the PC has
become. After 30 years the PC continues to thrive and prosper. With far-reaching industry support
and an architecture that is continuously evolving, I would say it is a safe bet that PC-compatible sys-
tems will continue to dominate the personal computer marketplace for the foreseeable future.






PC Components,
Features, and
System Design

What Is a PC?

When I begin one of my Upgrading and Repairing PCs seminars, I like to ask the question, “What
exactly is a PC?” Most people immediately answer that PC stands for personal computer, which in
fact it does. Many continue by defining a personal computer as any small computer system pur-
chased and used by an individual, which is also true. However, while it is true that all PCs are
personal computers, not all personal computers are PCs. For example, all of Apple’s pre-2006
Motorola/IBM processor-based Macintosh systems, older 8080/Z-80 processor-based CP/M
machines, and even my old Apple ][+ system are considered personal computers, but most people
wouldn’t call them PCs, least of all the Mac users! For the true definition of what a PC is, we must
look deeper.

Calling something a PC implies that it is something much more specific than just any personal
computer. One thing it implies is a familial relation to the original IBM PC from 1981. In fact, I'll
go so far as to say that IBM literally invented the type of computer we call a PC today; that is, IBM
designed and created the first one, and IBM’s definition set all the standards that made the PC dis-
tinctive from other personal computers. Note that I'm not saying that IBM invented the personal
computer; many recognize the historical origins of the personal computer in the MITS Altair, intro-
duced in 1975, even though other small computers were available prior. Clearly, IBM did not invent
the personal computer; however, it did invent the type of personal computer that today we call the
PC. Some people might take this definition a step further and define a PC as any personal computer
that is “IBM compatible.” In fact, many years back, PCs were called either IBM compatibles or IBM
clones, paying homage to the origins of the PC at IBM.
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Some Personal Computer Trivia

Although the 1975 MITS Aliair is often credited as the first personal computer, according to the Blinkenlights
Archaeological Institute (www.blinkenlights.com|, the first personal computer was the Simon, created by Edmund C.
Berkeley and described in his 1949 book, Giant Brains, or Machines That Think. The plans for Simon were available for
purchase by Berkeley Enterprises as well as published in a series of 13 articles in Radio Electronics magazine from 1950
to 1951.

The term personal computer may have first appeared in @ November 3, 1962 New York Times arficle quoting John W.
Mauchly (cocreator of ENIAC). The arficle was reporting on Mauchly’s vision of future computing, and he was quoted as

saying, “There is no reason fo suppose the average boy or girl cannot be master of a personal computer.”
.

The first machine advertised as a “personal computer” was the Hewlett-Packard 9100A, a 40-pound programmable desk-
top electronic calculator released in 1968. Advertisements for the $4,900 system called it “the new Hewleft-Packard
9100A personal computer.” The end of the ad stated, “If you are sfill skeptical, or of faint heart, ask for a demonstration.
It will affirm, assure (and only slightly delay) your entry into the solid-state of personal computing power.” (See
www.vintagecalculafors.com.)

The reality today is that although IBM clearly designed and created the PC in 1981 and controlled the
development and evolution of the PC standard for several years thereafter, IBM is no longer in control
of the PC standard; that is, it does not dictate what makes up a PC today. IBM lost control of the PC
standard in 1987 when it introduced its PS/2 line of systems. Up until then, other companies that
were producing PCs literally copied IBM’s systems right down to the chips, connectors, and even the
shapes (form factors) of the boards, cases, and power supplies. After 1987, IBM abandoned many of
the standards it created in the first place, and the designation “IBM compatible” started to be consid-
ered obsolete.

If a PC is no longer considered an IBM-compatible system, what is it? The real question seems to be,
“Who is in control of the PC standard today?” That question is best broken down into two parts.
First, who is in control of PC software? Second, who is in control of PC hardware?

Who Controls PC Software?

Most of the people in my seminars don’t hesitate for a split second when I ask this question; they
immediately respond, “Microsoft!” I don’t think there is any argument with that. Microsoft clearly
controls the dominant operating systems (OSs) used on PCs, which have evolved from the original
MS-DOS to DOS/Windows 3.x, then to Windows 9x/Me, then to Windows NT/2000/XP, and now to
Windows Vista/7.

Microsoft has effectively used its control of the PC OSs as leverage to also control other types of PC
software, such as drivers, utilities, and applications. For example, many utility programs originally
offered by independent companies, such as disk caching, disk compression, file defragmentation, file
structure repair, firewalls, and even simple applications such as calculator and notepad programs, are
now bundled in Windows. Microsoft has even bundled more comprehensive applications such as web
browsers, word processors, and media players, ensuring an automatic installed base for these applica-
tions—much to the dismay of companies who produce competing versions. Microsoft has also lever-
aged its control of the OS to integrate its own networking software and applications suites more
seamlessly into the OS than others. That’s why it now dominates most of the PC software universe—
from OSs to networking software to utilities, from word processors to database programs to
spreadsheets.
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In the early days of the PC, IBM hired Microsoft to provide most of the core software for the PC. IBM
developed the hardware, wrote the basic input/output system (BIOS), and hired Microsoft to develop
the disk operating system (DOS) as well as several other programs and utilities for the PC. In what was
later viewed as perhaps the most costly business mistake in history, IBM failed to secure exclusive
rights to the DOS it had contracted from Microsoft, either by purchasing it outright or by an exclusive
license agreement. Instead, IBM licensed it nonexclusively, which subsequently allowed Microsoft to
sell the same MS-DOS code it developed for IBM to any other company that was interested. Early PC
cloners such as Compaq eagerly licensed this OS code, and suddenly consumers could purchase the
same basic MS-DOS OS with several different company names on the box. In retrospect, that single
contractual error made Microsoft the dominant software company it is today and subsequently caused
IBM to lose control of the very PC standard it had created.

As a writer (of words, not software), I can appreciate what an incredible oversight this was. Imagine
that a book publisher comes up with a great idea for a popular book and then contracts with an
author to write it. Then, by virtue of a poorly written contract, the author discovers that he can
legally sell the same book (perhaps with a different title) to all the competitors of the original pub-
lisher. Of course, no publisher I know would allow this to happen; yet that is exactly what IBM
allowed Microsoft to do back in 1981. By virtue of its deal with Microsoft, IBM lost control of the
software it commissioned for its new PC.

It is interesting to note that in the PC business, software enjoys copyright protection, whereas hard-
ware can be protected only by patents, which are much more difficult, time-consuming, and expen-
sive to obtain. And in the case of U.S. patents, they also expire 20 years after filing. According to the
U.S. patent office, “any new and useful process, machine, manufacture, or composition of matter, or
any new and useful improvement thereof” can be patented. This definition made it difficult to patent
most aspects of the IBM PC because it was designed using previously existing parts that anybody
could purchase off the shelf. In fact, most of the important parts for the original PC came from Intel,
such as the 8088 processor, 8284 clock generator, 8253/54 timer, 8259 interrupt controller, 8237 DMA
(direct memory access) controller, 8255 peripheral interface, and 8288 bus controller. These chips
made up the heart and soul of the original PC motherboard.

Because the design of the original PC was not wholly patented and virtually all the parts were readily
available, almost anybody could duplicate the hardware of the IBM PC. All one had to do was pur-
chase the same chips from the same manufacturers and suppliers IBM used and design a new mother-
board with a similar circuit. IBM made it even easier by publishing complete schematic diagrams of its
motherboards and adapter cards in detailed and easily available technical reference manuals. These
manuals even included fully commented source code listings for the ROM BIOS code. I have several of
these early IBM manuals and still refer to them for specific component-level PC design information.
In fact, I highly recommend these original manuals to anybody who wants to delve deeply into PC
hardware design. Although they are long out of print, they do turn up in the used book market and
online auction sites such as eBay.

The difficult part of copying the IBM PC was the software, which is protected by copyright law. Both
Compaq and Phoenix Software (today known as Phoenix Technologies) were among the first to
develop a legal way around this problem, which enabled them to functionally duplicate (but not
exactly copy) software such as the BIOS. The BIOS is defined as the core set of control software that
drives the hardware devices in the system directly. These types of programs are normally called device
drivers, so in essence, the BIOS is a collection of all the core device drivers used to operate and control
the system hardware. The operating system (such as DOS or Windows) uses the drivers in the BIOS to
control and communicate with the various hardware and peripherals in the system.

»» See Chapter 5, "BIOS," p. 251.
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The method Compaq and Phoenix used to legally duplicate the IBM PC BIOS was an ingenious form
of reverse-engineering. They used two groups of software engineers, the second of which were spe-
cially screened to consist only of people who had never before seen or studied the IBM BIOS code.
The first group studied the IBM BIOS and wrote a detailed description of what it did. The second
group read the description written by the first group and set out to write from scratch a new BIOS
that did everything the first group had described. The result was a new BIOS written from scratch, and
although the resulting code was not identical to IBM’s, it had the same functionality.

This is called a “clean room” approach to reverse-engineering software, and if carefully conducted, it
can escape any legal attack. Because IBM’s original PC BIOS had a limited and yet well-defined set of
functions and was only 8,096 bytes long, duplicating it through the clean-room approach was not dif-
ficult. As the IBM BIOS evolved, keeping up with any changes IBM made was relatively easy.
Discounting the power-on self test (POST) and BIOS Setup (used for configuring the system) portion
of the BIOS, most motherboard BIOSs, even today, have only about 32KB to 128KB of active code,
and modern OSs ignore most of it anyway by loading code and drivers from disk. In essence, the
modern motherboard BIOS serves only to initialize the system and load the OS. Today, although some
PC manufacturers still write some of their own BIOS code, most source their BIOS from one of the
independent BIOS developers. Phoenix and American Megatrends (AMI) are the leading developers of
BIOS software for PC system and motherboard manufacturers. A third major producer of BIOS soft-
ware, Award Software, is owned by Phoenix Technologies, which continues to sell Award BIOS-based
products.

After the motherboard hardware and BIOS of the IBM PC were duplicated, all that was necessary to
produce a fully IBM-compatible system was MS-DOS. Reverse-engineering DOS, even with the clean-
room approach, seemed to be a daunting task at the time, because DOS is much larger than the BIOS
and consists of many more programs and functions. Also, the OS has evolved and changed more
often than the BIOS, which by comparison has remained relatively constant. This means that the
only way to get DOS on an IBM compatible back in the early 1980s was to license it. This is where
Microsoft came in. Because IBM (who hired Microsoft to write DOS in the first place) did not ensure
that its license agreement with Microsoft was exclusive, Microsoft was free to sell the same DOS it
designed for IBM to anybody else who wanted it. With a licensed copy of MS-DOS, the last piece was
in place and the floodgates were open for IBM-compatible systems to be produced whether IBM liked
it or not.

Note

MSDOS was eventually cloned, the first of which was DR-DOS, released by Digital Research (developers of CP/M| in
1988. By all rights, DR-DOS was more than just a clone; it had many features not found in MS-DOS at the time, inspiring
Microsoft to add similar features in future MS-DOS versions as well. In 1991, Novell acquired DR-DOS, followed by
Caldera in 1996 (who released a version of the source code under an open-source license), followed by Llineo in 1998,
and finally by DRDOS (www.drdos.com) in 2002.

Free and open-source DOS versions have been independently produced, upgraded, and maintained by the DR-
DOS/OpenDOS Enhancement Project (www.drdosprojects.de] as well as the FreeDOS Project (www.freedos.org).

Note

From 1996 to 1997, an effort was made by the more liberated thinkers at Apple to license its BIOS/OS combination,
and several Mac-compatible machines were developed, produced, and sold. Companies such as Sony, Power

Computing, Radius, and even Motorola invested millions of dollars in developing these systems, but shortly after these first
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Mac clones were sold, Apple canceled the licensing! By canceling these licenses, Apple virtually guaranteed that ifs sys-
tfems would not be competitive with VWindows-based PCs. Along with its smaller market share come much higher system
costs, fewer available software applications, and fewer options for hardware repair, replacement, and upgrades as com-
pared to PCs. The proprietary form factors also ensure that major components such as motherboards, power supplies, and
cases are available only from Apple at very high prices, making outofwarranty repair, replacement, and upgrades of
these components not cost effective.

Now that Apple has converted its Mac systems to PC architecture, the only difference between a Mac
and a PC is the OS they run, so a PC running OS X essentially becomes a Mac, whereas a Mac running
Windows becomes a PC. This means that the only thing keeping Mac systems unique is the ability to
run OS X. To this end, Apple includes code in OS X that checks for an Apple-specific security chip,
thus preventing OS X from running on non-Apple PCs. Although this does create an incentive to buy
Apple-brand PCs, it also overlooks the huge market for selling OS X to non-Apple PC users. For exam-
ple, if Apple had sold OS X to PC users while Microsoft was delaying the release of Vista, OS X would
have taken a large amount of market share from Windows. However, despite Apple’s attempts to pre-
vent OS X from running, the OSx86 Project (www.osx86project.org) has information showing how to
get OS X installed and running on standard PCs.

Who Controls PC Hardware?

Although it is clear that Microsoft has always had the majority control over PC software by virtue of
its control over the dominant PC OSs, what about the hardware? It is easy to see that IBM controlled
the PC hardware standard up through 1987. After all, IBM invented the core PC motherboard design;
the original expansion bus slot architecture (8/16-bit ISA bus); the ROM BIOS interface, serial and par-
allel port implementations; video card design through VGA and XGA standards; floppy and hard disk
interface and controller implementations; power supply designs; keyboard interfaces and designs; the
mouse interface; and even the physical shapes (form factors) of everything from the motherboard to
the expansion cards, power supplies, and system chassis.

But to me the real question is which company has been responsible for creating and inventing newer
and more recent PC hardware designs, interfaces, and standards? When I ask people that question, I
normally see some hesitation in their responses—some people say Microsoft (but it controls the soft-
ware, not the hardware), and some say HP/Compaq or Dell, or they name a few other big-name sys-
tem manufacturers. Some, however, surmise the correct answer—Intel.

I can see why many people don’t immediately realize this; [ mean, how many people actually own an
Intel-brand PC? No, not just one that says Intel inside on it (which refers only to the system having an
Intel processor), but a system that was designed and built by, or even purchased through, Intel.
Believe it or not, many people today do have Intel PCs!

Certainly this does not mean that consumers have purchased their systems from Intel because Intel
does not sell complete PCs to end users. You can’t currently order a system from Intel, nor can you
purchase an Intel-brand system from somebody else. What I am talking about are the major compo-
nents inside, including especially the motherboard as well as the core of the motherboard—the
chipset.

»» See Chapter 4, "Motherboards and Buses,” p. 143.
»» See "Chipsets,” p. 169 (Chapter 4).
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How did Intel come to dominate the interior of our PCs? Intel has been the dominant PC processor
supplier since IBM chose the Intel 8088 CPU in the original IBM PC in 1981. By controlling the
processor, Intel naturally controlled the chips necessary to integrate its processors into system designs.
This naturally led Intel into the chipset business. It started its chipset business in 1989 with the 82350
Extended Industry Standard Architecture (EISA) chipset, and by 1993 it had become—along with the
debut of the Pentium processor—the largest-volume major motherboard chipset supplier. Now I imag-
ine Intel sitting there, thinking that it makes the processor and all the other chips necessary to pro-
duce a motherboard, so why not just eliminate the middleman and make the entire motherboard,
too? The answer to this, and a real turning point in the industry, came about in 1994 when Intel
became the largest-volume motherboard manufacturer in the world. By 1997, Intel made more
motherboards than the next eight largest motherboard manufacturers combined, with sales of more
than 30 million boards worth more than $3.6 billion!

After an industry downturn in 2001, Intel concentrated on its core competency of chip making and
began using Chinese contract manufacturers such as Foxconn to make Intel-branded motherboards.
Since then, contract manufacturers such as Asus, Foxconn, ECS, MSI, and Gigabyte have essentially
taken over the market for motherboard manufacturing. Regardless of which company actually manu-
factures the boards, the main part of any motherboard is the chipset, which contains the majority of
the motherboard circuitry. These days about 80% of PCs on the market use Intel processors, and the
majority of those are plugged in to motherboards built using Intel chipsets.

Intel controls the PC hardware standard because it controls the PC motherboard and most of the
components on it. It not only makes the majority of motherboards being used in systems today, but it
also supplies the majority of processors and motherboard chipsets to other motherboard manufactur-
ers.

Intel also has had a hand in setting several recent PC hardware standards, such as the following:

Universal serial bus (USB) for connecting peripheral devices.
Peripheral Component Interconnect (PCI) local bus interface.

Accelerated Graphics Port (AGP) interface for higher-performance video cards than could be
implemented via PCI.

PCI Express (originally known as 3GIO), the interface selected by the PCI Special Interest Group
(PCI SIG) to replace both PCI and AGP as the high-performance bus for PCs.

Industry-standard motherboard form factors such as ATX (including variations such as
microATX and FlexATX) and BTX (including variations such as microBTX, nanoBTX, and
picoBTX). ATX is still the most popular, and beginning in 1996-1997 it replaced the somewhat
long-in-the-tooth IBM-designed Baby-AT form factor, which had been used since the early
1980s.

Desktop Management Interface (DMI) for monitoring system hardware functions.
Dynamic Power Management Architecture (DPMA) and Advanced Power Management (APM)
standards for managing power use in the PC.

Intel dominates not only the PC, but the entire worldwide semiconductor industry. According to the
sales figures compiled by iSuppli, Intel has nearly twice the sales revenue of the next closest semicon-
ductor company (Samsung) and more than six times that of competitor AMD (see Table 2.1).
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Table 2.1 Top 25 Semiconductor Companies Ranked by 2009 Semiconductor Sales

2009 Company 2009 Percent 2008 2008 Percent
Rank Name Revenue' of Total Rank Revenue Change
1 Intel Corporation $32410 14.1% 1 $33767 -4.0%
2 Samsung Electronics $17496 7.6% 2 $16902 +3.5%
3 Toshiba Semiconductors $10319 4.5% 3 $11081 -6.9%
4 Texas Instruments $9617 4.2% 4 $11068 -12.6%
5 STMicroelectronics $8510 3.7% 5 $10325 -17.6%
6 Qualcomm $6409 2.8% 8 $6477 -1.1%
7 Hynix $6246 2.7% 9 $6023 +3.7%
8 AMD $5207 2.3% 12 $5455 -4.6%
9 Renesas Techno|ogy $5153 2.2% 6 $7017 -26.6%
10 Sony $4468 1.9% 7 $6950 -35.7%
11 Infineon Technologies $4456 1.9% 10 $5954 -25.2%
12 NEC Semiconductors $4384 1.9% 11 $5826 -24.8%
13 Micron Technology $4293 1.9% 16 $4435 -3.2%
14 Broadcom $4278 1.9% 14 $4643 -7.9%
15 E|pid0 Memory $3948 1.7% 19 $3599 +9.7%
16 MediaTek $3551 1.5% 24 $2896 +22.6%
17 Freescale Semiconductor $3402 1.5% 13 $4933 -31.5%
18 Panasonic Corporation $3243 1.4% 15 $4473 -27.5%
19 NXP $3240 1.4% 17 $4055 -20.1%
20 Sharp Electronics $2977 1.3% 18 $3682 -17.5%
21 NVIDIA $2826 1.2% 20 $3241 -12.8%
22 Rohm $2586 1.1% 25 $3348 -22.8%
23 Fujitsu Microelectronics $2574 1.1% 23 $2757 -13.6%
24 Marvell Technology Group $2572 1.1% 22 $3059 -15.9%
25 IBM Microelectronics $2253 1.0% 26 $2473 -8.9%

1. Ranking by revenue in millions of U.S. dollars.

As you can see by these figures, it is no wonder that a popular industry news website called The
Register (www.theregister.com) uses the term Chipzilla when referring to the industry giant.

White-Box Systems

Many of the top-selling system manufacturers do design and make their own motherboards, especially
for their higher-end systems. According to Computer Reseller News magazine, the top desktop systems
manufacturers for the last several years have consistently been names such as HP, Dell, and Lenovo
(formerly IBM). These companies both design and manufacture their own motherboards as well as
purchase existing boards from motherboard manufacturers. In rare cases, they even design their own
chips and chipset components for their own boards. Although sales are high for these individual com-
panies, a large segment of the market is what those in the industry call the white-box systems.


www.theregister.com
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White-box is the term used by the industry to refer to what would otherwise be called generic PCs—
that is, PCs assembled from a collection of industry-standard, commercially available components.
The white-box designation comes from the fact that historically most of the chassis used by this type
of system have been white (or ivory or beige).

The great thing about white-box systems is that they use industry-standard components that are
interchangeable. This interchangeability is the key to future upgrades and repairs because it ensures
that a plethora of replacement parts will be available to choose from and will be interchangeable. For
many years, I have recommended avoiding proprietary systems and recommended more industry-
standard white-box systems instead.

Companies selling white-box systems do not usually manufacture the systems; they assemble them.
That is, they purchase commercially available motherboards, cases, power supplies, disk drives,
peripherals, and so on and assemble and market everything together as complete systems. Some com-
panies such as HP and Dell manufacture some of their own systems as well as assemble some from
industry-standard parts. In particular, the HP Pavilion and Dell Dimension lines are composed largely
of mainstream systems made with mostly industry-standard parts. PC makers using mostly industry-
standard parts also include high-end game system builders such as Alienware (owned by Dell). Other
examples include Gateway and eMachines (owned by Acer), whose PCs are also constructed using pri-
marily industry-standard components. Note that there can be exceptions for all these systems; for
example, I know that some of the Dell Dimension XPS systems use proprietary parts such as power
supplies. I recommend avoiding such systems, due to future upgrade and repair hassles.

Others using industry-standard components include Acer, CyberPower, Micro Express, and Systemax,
but hundreds more could be listed. In overall total volume, this ends up being the largest segment of
the PC marketplace today. What is interesting about white-box systems is that, with few exceptions,
you and I can purchase the same motherboards and other components that any of the white-box
manufacturers can (although we would probably pay more than they do because of the volume dis-
counts they receive). We can assemble a virtually identical white-box system from scratch ourselves,
but that is a story for Chapter 19, “Building or Upgrading Systems.”

PC Design Guides

For several years Intel and Microsoft released a series of documents called the “PC XX Design Guides”
(where XX designates the year) as a set of standard specifications to guide both hardware and software
developers creating products that work with Windows. The requirements in these guides were part of
Microsoft’s “Designed for Windows” logo requirement. In other words, if you produced either a hard-
ware or software product and you wanted the official “Designed for Windows” logo to be on your
box, your product had to meet the PC XX minimum requirements.

Following are the documents that have been produced in this series:
“Hardware Design Guide for Microsoft Windows 95”
“Hardware Design Guide Supplement for PC 95”

“PC 97 Hardware Design Guide”
“PC 98 System Design Guide”
“PC 99 System Design Guide”
“PC 2000 System Design Guide”
“PC 2001 System Design Guide”

These documents are available for download from the Microsoft website (www.microsoft.com/whdc/
archive/pcguides.mspx).


www.microsoft.com/whdc/archive/pcguides.mspx
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Note

These guides do not mean anything directly for the end user; instead, they were meant to be guides for PC manufacturers
to design and build their systems. In some ways, they were a marketcontrol tool for Intel and Microsoft to further wield
their influence over PC hardware and software.

The “PC 2001 System Design Guide” is the most recent design guide produced by Microsoft and Intel
together. Since then these companies have produced individual whitepapers and other resources for
this purpose. For updated system-design information, see the following websites:

The Microsoft Windows Hardware Developer Central site at http://microsoft.com/whdc

The Intel Developer Center website at http://developer.intel.com

System Types

>>

PCs can be broken down into many categories. I like to break them down in two ways: by the design
or width of the processor bus (often called the front side bus, or FSB) as well as by the width of the
internal registers, which dictates the type of software that can be run.

When a processor reads data, the data moves into the processor via the processor’s external data con-
nection. Traditionally this connection has been a parallel bus; however, in newer chips it is a serial-
ized point-to point link, transferring fewer bits at a time but at a much higher rate. Older designs
often had several components sharing the bus, whereas the newer point-to-point links are exclusively
between the processor and the chipset.

See ""Data |/O Bus,” p. 42 (Chapter 3, "Processor Types and Specifications”).

Table 2.2 lists all the Intel and AMD x86 processors, their data bus widths, and their internal register
sizes.

Table 2.2 Intel and Intel-Compatible Processors and Their Data Bus/Register
Widths

Processor Data Bus Width Register Size
8088 8-bit 16-bit
8086 16-bit 16-bit
286 16-bit 16-bit
386X 16-bit 32-bit
386DX/486/5x86 32-bit 32-bit
Intel/AMD x86 w/FSB 64-bit 32-bit
AMD x86 w/HyperTransport 16-bit 32-bit
AMD x86-64 w/HyperTransport 16-bit 64-bit
Intel x86-64 w/FSB 64-bit 64-bit
Intel x86-64 w/QPI 20-bit 64-bit
Intel x86-64 w/DMI 4-bit 64-bit

FSB = Front Side Bus (parallel bus)

HT = HyperTransport (serial point-to-point)

QPI = QuickPath Interconnect (serial point-to-point)
DMI= Direct Media Interface (serial point-to-point)
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A common confusion arises in discussions of processor “widths.” Some people take the width to refer
to how many bits of data can be read or written at a time, whereas others refer to the size of the inter-
nal registers, which control how much data can be operated on at a time. Although many processors
have had matching data bus widths and internal register sizes, they are not always the same, which
can lead to more confusion. For example, most Pentium processors have 64-bit data bus widths and
yet include internal registers that are only 32 bits wide. The newer AMD and Intel processors with
x86-64 architecture have 64-bit internal registers and can run in both 32-bit and 64-bit modes. Thus,
from a software point of view, there are PC processors capable of running 16-bit, 32-bit, and 64-bit
instructions. For backward compatibility, those having 64-bit registers can also run 32-bit and 16-bit
instructions, and those with 32-bit registers can run 16-bit instructions. In any case, remember that
bus widths and register sizes are completely unrelated. Also note that most newer processors use serial
buses which are narrow, but also very fast.

»» See ‘Infernal Registers (Infemal Data Bus),” p. 44 [Chapter 3).
»» See "Processor Specifications,” p. 37 (Chapter 3).

System Components

A modern PC is both simple and complicated. It is simple in the sense that over the years, many of
the components used to construct a system have become integrated with other components into
fewer and fewer actual parts. It is complicated in the sense that each part in a modern system per-
forms many more functions than did the same types of parts in older systems.

This section briefly examines all the components and peripherals in a modern PC system. Each item
is discussed further in later chapters.

The components and peripherals necessary to assemble a basic modern PC system are listed in
Table 2.3.

Table 2.3 Basic PC Components

Component Description

Motherboard The motherboard is the core of the system. It really is the PC; everything else is
connected fo it, and it controls everything in the system. Motherboards are cov-
ered in detail in Chapter 4.

Processor The processor is often thought of as the “engine” or “brain” of the computer. It's
also called the CPU (central processing unit). Processors are covered in detail in
Chapter 3.

Memory (RAM) The system memory is often called RAM (for random access memory). This is the

primary working memory that holds all the programs and data the processor is
using at a given time. Memory is discussed in Chapter 6, “Memory.”

Case/chassis The case is the frame or chassis that houses the motherboard, power supply, disk
drives, adapter cards, and any other physical components in the system. The
case is covered in detail in Chapter 18, “Power Supplies.”

Power supply The power supply feeds electrical power to the internal components in the PC.
The power supply is covered in detail in Chapter 18.

Hard drive The hard disk is the primary high-capacity storage media for the system. Hard
disk drives are also discussed in Chapter 9, “Hard Disk Storage.”
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Table 2.3 Continued

Component

Description

Optical drive

Keyboard

Mouse

Video card*
Monitor
Sound card*

Network/modem*

CD (compact disc), DVD (digital versatile disc), and BD (Blu-ray disc) drives are relatively
high-capacity, removable-media, optical drives; most newer systems include drives featur-
ing write/rewrite capability. These drives are covered in detail in Chapter 11, “Optical
Storage.”

The keyboard is the primary device on a PC that is used by a human to communicate
with and control a system. Keyboards are covered in Chapter 15, “Input Devices.”
Although many types of pointing devices are on the market today, the first and most popu-
lar device for this purpose is the mouse. The mouse and other pointing devices are dis-
cussed in Chapter 15.

The video card controls the information you see on the monitor. Video cards are covered
in detail in Chapter 12, “Video Hardware.”

The monitor or display shows information and is controlled by the video card. Monitors
are covered in Chapter 13, “Audio Hardware.”

A sound card enables the PC to generate complex sounds. Sound cards and speakers are
discussed in detail in Chapter 13.

Most PCs ship with a wired or wireless network interface and possibly a modem. Network

cards are covered in Chapter 17, “Local Area Networking.” Modems are covered in
Chapter 16, “Internet Connectivity.”

Components marked with an asterisk (*) may be integrated into the motherboard on many recent sys-
tems, particularly entry-level systems.






Processor Types and
Specifications

Microprocessor History

The brain or engine of the PC is the processor—sometimes called microprocessor or central processing
unit (CPU). The CPU performs the system’s calculating and processing. The processor is one of the
two most expensive components in the system (the other being the video card). In higher-end sys-
tems, the processor can cost up to four or more times more than the motherboard it plugs into.
Intel is generally credited with creating the first microprocessor in 1971 with the introduction of a
chip called the 4004. Today Intel still has control over the processor market, at least for PC systems,
although AMD has garnered a respectable market share. For the most part, PC-compatible systems
use either Intel processors or Intel-compatible processors from AMD.

It is interesting to note that the microprocessor had existed for only 10 years prior to the creation
of the PC! Intel released the first microprocessor in 1971; IBM created the PC in 1981. Nearly three
decades later, we are still using systems based more or less on the design of that first PC. The
processors powering our PCs today are still backward compatible in many ways with the Intel 8088
that IBM selected for the first PC in 1981.

The First Microprocessor

Intel was founded on July 18, 1968 (as N M Electronics) by two ex-Fairchild engineers, Robert
Noyce and Gordon Moore. Almost immediately, they changed the company name to Intel and were
joined by cofounder Andrew Grove. They had a specific goal: to make semiconductor memory prac-
tical and affordable. This was not a given at the time, considering that silicon chip-based memory
was at least 100 times more expensive than the magnetic core memory commonly used in those
days. At the time, semiconductor memory was going for about a dollar a bit, whereas core memory
was about a penny a bit. Noyce said, “All we had to do was reduce the cost by a factor of a hun-
dred, then we’d have the market; and that’s basically what we did.”
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By 1970, Intel was known as a successful memory chip company, having introduced a 1Kb memory
chip, much larger than anything else available at the time. (1Kb equals 1,024 bits, and a byte equals 8
bits. This chip, therefore, stored only 128 bytes—not much by today’s standards.) Known as the 1103
dynamic random access memory (DRAM), it became the world’s largest-selling semiconductor device
by the end of the following year. By this time, Intel had also grown from the core founders and a
handful of others to more than 100 employees.

Because of Intel’s success in memory chip manufacturing and design, Japanese manufacturer Busicom
asked Intel to design a set of chips for a family of high-performance programmable calculators. At the
time, all logic chips were custom-designed for each application or product. Because most chips had to
be custom-designed specific to a particular application, no one chip could have widespread usage.

Busicom’s original design for its calculator called for at least 12 custom chips. Intel engineer Ted Hoff
rejected the unwieldy proposal and instead proposed a single-chip, general-purpose logic device that
retrieved its application instructions from semiconductor memory. As the core of a four-chip set
including read-only memory (ROM), random access memory (RAM), input/output (I/O) and the 4004
processor, a program could control the processor and essentially tailor its function to the task at hand.
The chip was generic in nature, meaning it could function in designs other than calculators. Previous
chip designs were hard-wired for one purpose, with built-in instructions; this chip would read a vari-
able set of instructions from memory, which would control the function of the chip. The idea was to
design, on a single chip, almost an entire computing device that could perform various functions,
depending on which instructions it was given.

In April 1970, Intel hired Frederico Faggin to design and create the 4004 logic based on Hoff’s pro-
posal. Like the Intel founders, Faggin came from Fairchild Semiconductor, where he had developed
the silicon gate technology that would prove essential to good microprocessor design. During the ini-
tial logic design and layout process, Faggin had help from Masatoshi Shima, the engineer at Busicom
responsible for the calculator design. Shima worked with Faggin until October 1970, after which he
returned to Busicom. Faggin received the first finished batch of 4004 chips at closing time one day in
January 1971, working alone until early the next morning testing the chip before declaring, “It
works!” The 4000 chip family was completed by March 1971 and put into production by June 1971. It
is interesting to note that Faggin actually signed the processor die with his initials (E.F.), a tradition
that others often carried out in subsequent chip designs.

There was one problem with the new chip: Busicom owned the rights to it. Faggin knew that the
product had almost limitless application, bringing intelligence to a host of “dumb” machines. He
urged Intel to repurchase the rights to the product. Although Intel founders Gordon Moore and
Robert Noyce championed the new chip, others within the company were concerned that the product
would distract Intel from its main focus: making memory. They were finally convinced by the fact
that every four-chip microcomputer set included two memory chips. As the director of marketing at
the time recalled, “Originally, I think we saw it as a way to sell more memories, and we were willing
to make the investment on that basis.”

Intel offered to return Busicom’s $60,000 investment in exchange for the rights to the product.
Struggling with financial troubles, the Japanese company agreed. Nobody in the industry at the time,
even Intel, realized the significance of this deal, which paved the way for Intel’s future in processors.

The result was the November 15, 1971 introduction of the 4-bit Intel 4004 CPU as part of the MCS-4
microcomputer set. The 4004 ran at a maximum clock speed of 740KHz (740,000 cycles per second, or
nearly 3/4 of a megahertz), contained 2,300 transistors in an area of only 12 sq. mm

(3.5mmx3.5mm), and was built on a 10-micron process, where each transistor was spaced about 10
microns (millionths of a meter) apart. Data was transferred 4 bits at a time, and the maximum
addressable memory was only 640 bytes. The chip cost about $200 and delivered about as much com-
puting power as ENIAC, one of the first electronic computers. By comparison, ENIAC relied on 18,000
vacuum tubes packed into 3,000 cubic feet (85 cubic meters) when it was built in 1946.
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The 4004 was designed for use in a calculator but proved to be useful for many other functions
because of its inherent programmability. For example, the 4004 was used in traffic light controllers,
blood analyzers, and even in the NASA Pioneer 10 deep-space probe. You can see more information
about the legendary 4004 processor at www.intel4004.com and www.4004.com.

In April 1972, Intel released the 8008 processor, which originally ran at a clock speed of S00KHz
(0.5MHz). The 8008 processor contained 3,500 transistors and was built on the same 10-micron
process as the previous processor. The big change in the 8008 was that it had an 8-bit data bus, which
meant it could move data 8 bits at a time—twice as much as the previous chip. It could also address
more memory, up to 16KB. This chip was primarily used in dumb terminals and general-purpose cal-
culators.

The next chip in the lineup was the 8080, introduced in April 1974. The 8080 was conceived by
Frederico Faggin and designed by Masatoshi Shima (former Busicom engineer) under Faggin’s supervi-
sion. Running at a clock rate of 2MHz, the 8080 processor had 10 times the performance of the 8008.
The 8080 chip contained 6,000 transistors and was built on a 6-micron process. Similar to the previ-
ous chip, the 8080 had an 8-bit data bus, so it could transfer 8 bits of data at a time. The 8080 could
address up to 64KB of memory, which was significantly more than the previous chip.

The 8080 helped start the PC revolution because it was the processor chip used in what is generally
regarded as the first personal computer, the Altair 8800. The CP/M operating system (OS) was written
for the 8080 chip, and the newly founded Microsoft delivered its first product: Microsoft BASIC for
the Altair. These initial tools provided the foundation for a revolution in software because thousands
of programs were written to run on this platform.

In fact, the 8080 became so popular that it was cloned. Wanting to focus on processors, Frederico
Faggin left Intel in 1974 to found Zilog and create a “Super-80” chip, a high-performance, 8080-
compatible processor. Masatoshi Shima joined Zilog in April 1975 to help design what became known
as the Z80 CPU. The Z80 was released in July 1976 and became one of the most successful processors
in history. In fact, it is still being manufactured and sold today. The Z80 was not pin compatible with
the 8080, but instead combined functions such as the memory interface and RAM refresh circuitry,
which enabled cheaper and simpler systems to be designed. The Z80 incorporated a superset of 8080
instructions, meaning it could run all 8080 programs. It also included new instructions and new inter-
nal registers; therefore, whereas 8080 software would run on the Z80, software designed for the Z80
would not necessarily run on the older 8080. The Z80 ran initially at 2MHz (later versions ran up to
20MHz), contained 8,500 transistors, and could access 64KB of memory.

RadioShack selected the Z80 for the TRS-80 Model 1, its first PC. The chip also was the first to be used
by many pioneering personal computer systems, including the Osborne and Kaypro machines. Other
companies followed, and soon the Z80 was the standard processor for systems running the CP/M OS
and the popular software of the day.

Intel released the 8085, its follow-up to the 8080, in March 1976. The 8085 ran at SMHz and con-
tained 6,500 transistors. It was built on a 3-micron process and incorporated an 8-bit data bus. Even
though it predated the Z80 by several months, it never achieved the popularity of the Z80 in personal
computer systems. It was, however, used in the IBM System/23 Datamaster, which was the immediate
predecessor to the original PC at IBM. The 8085 became most popular as an embedded controller,
finding use in scales and other computerized equipment.

Along different architectural lines, MOS Technologies introduced the 6502 in 1976. Several ex-
Motorola engineers who had worked on Motorola’s first processor, the 6800, designed this chip. The
6502 was an 8-bit processor like the 8080, but it sold for around $25, whereas the 8080 cost about
$300 when it was introduced. The price appealed to Steve Wozniak, who placed the chip in his Apple
I and Apple |[/][+ designs. The chip was also used in systems by Commodore and other system manu-
facturers. The 6502 and its successors were used in game consoles, including the original Nintendo
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Entertainment System (NES), among others. Motorola went on to create the 68000 series, which
became the basis for the original line of Apple Macintosh computers. The second-generation Macs
used the PowerPC chip, also by Motorola and a successor to the 68000 series. Of course, the current
Macs have adopted PC architecture, using the same processors, chipsets, and other components as
PCs.

In the early 1980s, I had a system containing both a MOS Technologies 6502 and a Zilog Z80. It was a
1MHz (yes, that’s one megahertz!) 6502-based Apple ][+ system with a Microsoft Softcard (Z80 card)
plugged into one of the slots. The Softcard contained a Z2MHz Z80 processor, which enabled me to run
both Apple and CP/M software on the system.

All these previous chips set the stage for the first PC processors. Intel introduced the 8086 in June
1978. The 8086 chip brought with it the original x86 instruction set that is still present in current
x86-compatible chips such as the Core i Series and AMD Phenom II. However, it was a reduced-feature
version of the 8086, the Intel 8088, that became the processor used by the first IBM PC.

To learn more about the 8086 and 8088, see “P1 (086) Processors,” later in this chapter.

PC Processor Evolution
Since the first PC came out in 1981, PC processor evolution has concentrated on four main areas:
Increasing the transistor count and density
Increasing the clock cycling speeds
Increasing the size of internal registers (bits)
Increasing the number of cores in a single chip
Intel introduced the 286 chip in 1982. With 134,000 transistors, it provided about three times the
performance of other 16-bit processors of the time. Featuring on-chip memory management, the 286

also offered software compatibility with its predecessors. This revolutionary chip was first used in
IBM’s benchmark PC-AT, the system upon which all modern PCs are based.

In 1985 came the Intel 386 processor. With a new 32-bit architecture and 275,000 transistors, the chip
could perform more than five million instructions per second (MIPS). Compaq’s Deskpro 386 was the
first PC based on the new microprocessor.

Next out of the gate was the Intel 486 processor in 1989. The 486 had 1.2 million transistors and the
first built-in math coprocessor. It was some 50 times faster than the original 4004, equaling the per-
formance of some mainframe computers.

Then, in 1993, Intel introduced the first P5 family (586) processor, called the Pentium, setting new
performance standards with several times the performance of the previous 486 processor. The
Pentium processor used 3.1 million transistors to perform up to 90 MIPS—now up to about 1,500
times the speed of the original 4004.

Note

Intel’s change from using numbers (386,/486) to names (Pentium,/Pentium Pro] for its processors was based on the fact

that it could not secure a registered trademark on a number and therefore could not prevent its competitors from using

those same numbers on clone chip designs.
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The first processor in the P6 (686) family, called the Pentium Pro processor, was introduced in 1995.
With 5.5 million transistors, it was the first to be packaged with a second die containing high-speed
L2 memory cache to accelerate performance.

Intel revised the original P6 (686/Pentium Pro) and introduced the Pentium II processor in May 1997.
Pentium II processors had 7.5 million transistors packed into a cartridge rather than a conventional
chip, allowing the L2 cache chips to be attached directly on the module. The Pentium II family was
augmented in April 1998, with both the low-cost Celeron processor for basic PCs and the high-end
Pentium II Xeon processor for servers and workstations. Intel followed with the Pentium III in 1999,
essentially a Pentium II with Streaming SIMD Extensions (SSE) added.

Around the time the Pentium was establishing its dominance, AMD acquired NexGen, which had
been working on its Nx686 processor. AMD incorporated that design along with a Pentium interface
into what would be called the AMD Ké6. The K6 was both hardware and software compatible with the
Pentium, meaning it plugged in to the same Socket 7 and could run the same programs. As Intel
dropped its Pentium in favor of the more expensive Pentium II and III, AMD continued making faster
versions of the K6 and made huge inroads in the low-end PC market.

In 1998, Intel became the first to integrate L2 cache directly on the processor die (running at the full
speed of the processor core), dramatically increasing performance. This was first done on the second-
generation Celeron processor (based on the Pentium II core), as well as the Pentium IIPE (performance-
enhanced) chip used only in laptop systems. The first high-end desktop PC chip with on-die full-core
speed L2 cache was the second-generation (Coppermine core) Pentium III introduced in late 1999.
After this, all major processor manufacturers began integrating L2 (and even L3) cache on the processor
die, a trend that continues today.

AMD introduced the Athlon in 1999 to compete with Intel head to head in the high-end desktop PC
market. The Athlon became successful, and it seemed for the first time that Intel had some real com-
petition in the higher-end systems. In hindsight, the success of the Athlon might be easy to see, but
at the time it was introduced, its success was anything but assured. Unlike the previous K6 chips,
which were both hardware and software compatible with Intel processors, the Athlon was only soft-
ware compatible and required a motherboard with an Athlon supporting chipset and processor socket.

The year 2000 saw a significant milestone when both Intel and AMD crossed the 1GHz barrier, a
speed that many thought could never be accomplished. In 2001, Intel introduced a Pentium 4 version
running at 2GHz, the first PC processor to achieve that speed. November 15, 2001 marked the 30th
anniversary of the microprocessor, and in those 30 years processor speed had increased more than
18,500 times (from 0.108MHz to 2GHz). AMD also introduced the Athlon XP, based on its newer
Palomino core, as well as the Athlon MP, designed for multiprocessor server systems.

In 2002, Intel released a Pentium 4 version running at 3.06GHz, the first PC processor to break the
3GHz barrier, and the first to feature Intel’s Hyper-Threading (HT) Technology, which turns the
processor into a virtual dual-processor configuration. By running two application threads at the same
time, HT-enabled processors can perform tasks at speeds 25%-40% faster than non-HT-enabled proces-
sors can. This encouraged programmers to write multithreaded applications, which would prepare
them for when true multicore processors would be released a few years later.

In 2003, AMD released the first 64-bit PC processor: the Athlon 64 (previously code-named
ClawHammer, or K8), which incorporated AMD-defined x86-64 64-bit extensions to the IA-32 archi-
tecture typified by the Athlon, Pentium 4, and earlier processors. That year Intel also released the
Pentium 4 Extreme Edition, the first consumer-level processor to incorporate L3 cache. The whopping
2MB of cache added greatly to the transistor count as well as performance. In 2004, Intel followed
AMD by adding the AMD-defined x86-64 extensions to the Pentium 4.
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In 2005, both Intel and AMD released their first dual-core processors, basically integrating two proces-
sors into a single chip. Although boards supporting two or more processors had been commonly used
in network servers for many years prior, this brought dual-CPU capabilities in an affordable package
to standard PCs. Rather than attempting to increase clock rates, as has been done in the past, adding
processing power by integrating two or more processors into a single chip enables future processors to
perform more work with fewer bottlenecks and with a reduction in both power consumption and
heat production.

In 2006, Intel released a new processor family called the Core 2, based on an architecture that came
mostly from previous mobile Pentium M/Core duo processors. The Core 2 was released in a dual-core
version first, followed by a quad-core version (combining two dual-core die in a single package) later
in the year. In 2007, AMD released the Phenom, which was the first quad-core PC processor with all
four cores on a single die. In 2008, Intel released the Core i Series (Nehalem) processors, which are
single-die quad-core chips with HT (appearing as eight cores to the OS) that include integrated mem-
ory and optional video controllers. AMD also released its Phenom II series of multi-core (up to six-
core) processors with support for both DDR2 and DDR3 memory in 2008. In 2011, Intel released the
“Sandy Bridge” second generation of Core i-series processors, including four-core and six-core proces-
sors with HT Technology, supporting up to 12 execution threads. Some models include an on-die
video controller that permits dynamic switching of resources between GPU and CPU (TurboBoost 2.0),
depending on the type of processing being performed. In 2011, AMD introduced its Fusion processors,
which incorporate Radeon graphics, low power consumption, and acceleration for video, photo, and
web operations.

Note

Intel began fo develop mobile versions of its processors in the early 1990s with the development of the 386 processor.

Both Infel and AMD have developed mobile versions of almost all of their processors.

Although a mobile processor may have the same code name, a similar model number, and be based on the same gen-
eral architecture as its desktop counterpart, it might feature lower clock speeds, smaller cache sizes, and different imple-
mentations of some features. The processor features for a particular processor family discussed in this chapter apply to
deskiop processors. For more information about mobile processors in a given processor family, see the Intel or AMD
websites.

16-Bit to 64-Bit Architecture Evolution

The first major change in processor architecture was the move from the 16-bit internal architecture of
the 286 and earlier processors to the 32-bit internal architecture of the 386 and later chips, which
Intel calls IA-32 (Intel Architecture, 32-bit). Intel’s 32-bit architecture dates to 1985. It took a full 10
years for both a partial 32-bit mainstream OS (Windows 95) as well as a full 32-bit OS requiring 32-bit
drivers (Windows NT) to surface, and it took another 6 years for the mainstream to shift to a fully 32-
bit environment for the OS and drivers (Windows XP). That’s a total of 16 years from the release of
32-bit computing hardware to the full adoption of 32-bit computing in the mainstream with support-
ing software. I'm sure you can appreciate that 16 years is a lifetime in technology.

Now we are near the end of another major architectural jump, as Intel, AMD, and Microsoft have
almost completely shifted from 32-bit to 64-bit architectures. In 2001, Intel had introduced the 1A-64
(Intel Architecture, 64-bit) in the form of the Itanium and Itanium 2 processors, but this standard was
something completely new and not an extension of the existing 32-bit technology. 1A-64 was
announced in 1994 as a CPU development project with Intel and HP (code-named Merced), and the
first technical details were made available in October 1997.
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The fact that the [A-64 architecture is not an extension of IA-32 but is instead a new and completely
different architecture was fine for non-PC environments such as servers (for which 1A-64 was
designed), but the PC market has always hinged on backward compatibility. Even though emulating
[A-32 within IA-64 is possible, such emulation and support is slow.

With the door now open, AMD seized this opportunity to develop 64-bit extensions to IA-32, which it
calls AMD64 (originally known as x86-64). Intel eventually released its own set of 64-bit extensions,
which it calls EM64T or IA-32e mode. As it turns out, the Intel extensions are almost identical to the
AMD extensions, meaning they are software compatible. It seems for the first time that Intel has unar-
guably followed AMD’s lead in the development of PC architecture.

However, AMD and Intel’s 64-bit processor could only run in 32-bit mode on existing operating sys-
tems. To make 64-bit computing a reality, 64-bit OSs and 64-bit drivers are also needed. Microsoft
began providing trial versions of Windows XP Professional x64 Edition (which supports AMD64 and
EM64T) in April 20035, but it wasn’t until the release of Windows Vista x64 in 2007 that 64-bit com-
puting would begin to go mainstream. Initially, the lack of 64-bit drivers was a problem, but by the
release of Windows 7 x64 in 2009, most device manufacturers were providing both 32-bit and 64-bit
drivers for virtually all new devices. Linux is also available in 64-bit versions, making the move to 64-
bit computing possible for non-Windows environments as well.

Another important development is the introduction of multicore processors from both Intel and AMD.
Current multicore desktop processors have up to six full CPU cores operating off of one CPU package—
in essence enabling a single processor to perform the work of multiple processors. Although multicore
processors don’t make games that use single execution threads play faster, multicore processors, like
multiple single-core processors, split up the workload caused by running multiple applications at the
same time. If you've ever tried to scan for malware while simultaneously checking email or running
another application, you’ve probably seen how running multiple applications can bring even the
fastest processor to its knees. With multicore processors available from both Intel and AMD, your abil-
ity to get more work done in less time by multitasking is greatly enhanced. Multicore processors also
support 64-bit extensions, enabling you to enjoy both multicore and 64-bit computing’s advantages.

PCs have certainly come a long way. The original 8088 processor used in the first PC contained 29,000
transistors and ran at 4.77MHz. Compare that to today’s chips: The AMD Phenom II x6 has an esti-
mated 904 million transistors and runs at up to 3.3GHz or faster, and the six-core Intel Core i7 models
have around 1.17 million transistors and run at up to 3.4GHz or faster. As multicore processors with
large integrated caches continue to be used in designs, look for transistor counts and real-world perfor-
mance to continue to increase well beyond a billion transistors. And the progress won'’t stop there,
because according to Moore’s Law, processing speed and transistor counts are doubling every 1.5-2 years.

Processor Specifications

Many confusing specifications often are quoted in discussions of processors. The following sections
discuss some of these specifications, including the data bus, address bus, and speed. The next section
includes a table that lists the specifications of virtually all PC processors.

Processors can be identified by two main parameters: how wide they are and how fast they are. The
speed of a processor is a fairly simple concept. Speed is counted in megahertz (MHz) and gigahertz
(GHz), which means millions and billions, respectively, of cycles per second—and faster is better! The
width of a processor is a little more complicated to discuss because three main specifications in a
processor are expressed in width:

Data (I/O) bus (also called FSB or front side bus)
Address bus

Internal registers
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Note that the processor data bus is also called the front side bus (FSB), processor side bus (PSB), or just
CPU bus. All these terms refer to the bus that is between the CPU and the main chipset component
(North Bridge or Memory Controller Hub). Intel uses the FSB or PSB terminology, whereas AMD uses
only FSB. I usually just like to say CPU bus in conversation or when speaking during my training sem-

inars, because that is the least confusing of the terms while also being completely accurate.

The number of bits a processor is designated can be confusing. Most modern processors have 64-bit
(or wider) data buses; however, that does not mean they are classified as 64-bit processors. Processors
from the 386 through the Pentium 4 and Athlon XP are considered 32-bit processors because their

Table 3.1 Intel Processor Specifications

Process Data Max.
Processor Cores (Micron) Clock Voltage Registers Bus Memory
8088 1 3.0 1x 5v 16-bit 8-bit TMB
8086 1 3.0 1x 5V 16-bit 16-bit 1TMB
286 1 1.5 1x 5v 16-bit 16-bit 16MB
386SX 1 1.5,1.0 1x 5V 32-bit 16-bit 16MB
386SL 1 1.0 1x 3.3V 32-bit 16-bit 16MB
386DX 1 1.5,1.0 1x 5V 32-bit 32-bit 4GB
4865X 1 1.0,0.8 1x 5v 32-bit 32-bit 4GB
4865X2 1 0.8 2x 5V 32-bit 32-bit 4GB
4875X 1 1.0 1x 5v 32-bit 32-bit 4GB
486DX 1 1.0,0.8 1x 5V 32-bit 32-bit 4GB
486512 1 0.8 1x 3.3V 32-bit 32-bit 4GB
486DX2 1 0.8 2x 5V 32-bit 32-bit 4GB
486DX4 1 0.6 2x+ 3.3V 32-bit 32-bit 4GB
486 Pentium OD 1 0.6 2.5x 5V 32-bit 32-bit 4GB
Pentium 60/66 1 0.8 1x 5v 32-bit 64-bit 4GB
Pentium 75-200 1 0.6, 0.35 1.5x+ 3.5V 32-bit 64-bit 4GB
Pentium MMX 1 0.35,0.25 1.5x+ 2.8V 32-bit 64-bit 4GB
Pentium Pro 1 0.35 2x+ 3.3V 32-bit 64-bit 64GB
Pentium Il (Klamath) 1 0.35 >2x 2.8V 32-bit 64-bit 64GB
Pentium Il (Deschutes) 1 0.35 >2x 2.0V 32-bit 64-bit 64GB
Pentium Il PE (Dixon) 1 0.25 >2x 1.6V 32-bit 64-bit 64GB
Celeron (Covington) 1 0.25 >2x 2.8V 32-bit 64-bit 64GB
Celeron A (Mendocino) 1 0.25 >2x 2V 32-bit 64-bit 64GB
Celeron Ill (Coppermine) 1 0.18 >2x 1.75V 32-bit 64-bit 64GB
Celeron Ill (Tualatin) 1 0.13 >2x 1.5V 32-bit 64-bit 64GB
Pentium Il (Katmai) 1 0.25 >2x 2V 32-bit 64-bit 64GB
Pentium IIl (Coppermine) 1 0.18 >2x 1.75V 32-bit 64-bit 64GB
Pentium lll (Tualatin) 1 0.13 >2x 1.45V 32-bit 64-bit 64GB
Celeron 4 (Willamette) 1 0.18 >2x 1.75V 32-bit 64-bit 64GB
Pentium 4 (Willamette) 1 0.18 >2x 1.75V 32-bit 64-bit 64GB
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internal registers are 32 bits wide, although their data I/O buses are 64 bits wide and their address
buses are 36 bits wide (both wider than their predecessors, the Pentium and K6 processors). Processors
since the Intel Core 2 series and the AMD Athlon 64 are considered 64-bit processors because their
internal registers are 64 bits wide.

First, I'll present some tables describing the differences in specifications between all the PC processors;
then the following sections will explain the specifications in more detail. Refer to these tables as you
read about the various processor specifications, and the information in the tables will become clearer.

Tables 3.1 and 3.2 list the most significant processors from Intel and AMD.

L2/L3 Multimedia
L1 Cache L2 Cache L3 Cache Cache Speed Instructions Transistors  Introduced
— — — — — 29,000 June 1979
= = = = = 29,000 June 1978
— — — — — 134,000 Feb. 1982
— — — Bus — 275,000 June 1988
OKB! — — Bus — 855,000 Oct. 1990
— — — Bus — 275,000 Oct. 1985
8KB — — Bus — 1.185M Apr. 1991
8KB — — Bus — 1.185M Apr. 1994
8KB — — Bus — 1.2M Apr. 1991
8KB = = Bus = 1.2M Apr. 1989
8KB — — Bus — 1.4M Nov. 1992
8KB = = Bus = 1.2M Mar. 1992
16KB — — Bus — 1.6M Feb. 1994
2x16KB — — Bus = 3. 1M Jan. 1995
2x8KB — — Bus — 3. 1M Mar. 1993
2x8KB — — Bus — 3.3M Mar. 1994
2x16KB — — Bus MMX 4.5M Jan. 1997
2x8KB 256KB, 512KB, IMB  — Core — 5.5M Nov. 1995
2x16KB 512KB — 1/2 core MMX 7.5M May 1997
2x16KB 512KB — 1/2 core MMX 7.5M May 1997
2x16KB 256KB — Core MMX 27 AM Jan. 1999
2x16KB OKB — — MMX 7.5M Apr. 1998
2x16KB 128KB — Core MMX 19M Aug. 1998
2x16KB 128KB — Core SSE 28.1TM Feb. 2000
2x16KB 256KB — Core SSE 44M Oct. 2001
2x16KB 512KB — 1/2 core SSE 9.5M Feb. 1999
2x16KB 256KB — Core SSE 28.1TM Oct. 1999
2x16KB 512KB — Core SSE 44M June 2001
2x16KB 128KB — Core SSE2 42M May 2002

>16KB 256KB — Core SSE2 42M Nov. 2000
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Table 3.1 Continued

Process Data Max.
Processor Cores (Micron) Clock Voltage Registers Bus Memory
Pentium 4A (Northwood) 1 0.13 >2x 1.5V 32-bit 64-bit 64GB
Pentium 4EE (Prestonia) 1 0.13 >2x 1.5V 32-bit 64-bit 64GB
Pentium 4E (Prescott) 1 0.09 >2x 1.4V 32-bit 64-bit 64GB
Celeron D (Prescott) 1 0.09 >2x 1.4V 64-bit 64-bit 1TB
Pentium D (Smithfield) 2 0.09 >2x 1.4V 64-bit 64-bit 1TB
Pentium D (Presler) 2 0.065 >2x 1.4V 64-bit 64-bit 1TB
Pentium M (Banias) 1 0.13 >2x 1.5V 32-bit 64-bit 64GB
Pentium M (Dothan) 1 0.09 >2x 1.3V 32-bit 64-bit 64GB
Core Duo (Yonah) 2 0.09 >2x 1.3V 32-bit 64-bit 64GB
Core 2 Duo (Conroe) 2 0.065 >2x 1.3V 64-bit 64-bit 1TB
Core 2 Quad (Kentsfield) 4 0.065 >2x 1.3V 64-bit 64-bit 1TB
Core 2 Duo (Wolfdale) 2 0.045 >2x 1.3V 64-bit 64-bit 1TB
Core 2 Quad (Yorkfield) 4 0.045 >2x 1.3V 64-bit 64-bit 1TB
Core i7 (Bloomfield) 4 0.045 >2x 1.4V 64-bit 64-bit 24GB
Core /i5/i7 (Lynnfield) 4 0.045 >2x 1.4V 64-bit 64-bit 16GB
Core i3/i5 (Clarkdale) 2 0.032 >2x 1.4V 64-bit 64-bit 16GB
Core i7 (Gulftown) 6 0.045 >2x 1.4V 64-bit 64-bit 24GB
Core i7 (Sandy Bridge) 4 0.032 >2x 1.4V 64-bit 64-bit 8-32GB
Core i5 (Sandy Bridge) 4 0.032 >2x 1.4V 64-bit 64-bit 32GB
Core i3/i5 (Sandy Bridge) 2 0.032 >2x 1.4V 64-bit 64-bit 8-32GB

*Dual-core and dual-core with HT Technology have lower counts.

1. The 386SL contains an integral-cache controller, but the cache memory must be provided outside the chip.

Table 3.2 AMD Processor Specifications

Process Data Max.

Processor Cores (Micron) Clock Voltage Registers Bus Memory
AMD K5 1 0.35 1.5x+ 3.5V 32-bit 64-bit 4GB
AMD Ké 1 0.35 2.5x+ 3.2V 32-bit 64-bit 4GB
AMD Ké-2 1 0.25 2.5x+ 2.4V 32-bit 64-bit 4GB
AMD Ké-3 1 0.25 >2x 2.4V 32-bit 64-bit 4GB
AMD Athlon 1 0.25 >2x 1.8V 32-bit 64-bit 4GB
AMD Duron 1 0.18 >2x 1.8V 32-bit 64-bit 4GB
AMD Athlon (Thunderbird) 1 0.18 >2x 1.8V 32-bit 64-bit 4GB
AMD Athlon XP (Palomino) 1 0.18 >2x 1.8V 32-bit 64-bit 4GB
AMD Athlon XP 1 0.13 >2x 1.8V 32-bit 64-bit 4GB
(Thoroughbred)

AMD Athlon XP (Barton) 1 0.13 >2x 1.65V 32-bit 64-bit 4GB
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L2/L3 Multimedia
L1 Cache L2 Cache L3 Cache Cache Speed Instructions Transistors  Introduced
>16KB 512KB — Core SSE2 55M Jan. 2002
>16KB 512KB 2MB Core SSE2 178M Nov. 2003
>16KB 1MB — Core SSE3 125M Feb. 2004
>16KB 256KB = Core SSE3 125M June 2004
>32KB TMB per core — Core SSE3 230M May 2005
>32KB 2MB per core = Core SSE3 376M Dec. 2005
>32KB TMB — Core SSE2 77M Mar. 2003
>32KB 2MB = Core SSE2 144M May 2004
>64KB 1MB per core — Core SSE3 151M Jan. 2006
>64KB 2-4MBper core = Core SSSE3 291M July 2006
>64KB 4MB per core — Core SSSE3 582M Dec. 2006
>64KB 3-6MB per core = Core SSSEA4.1 410M Jan. 2008
>64KB 2-6MB per core — Core SSSEA4.1 820M Mar. 2008
>64KB 256KB per core 8MB Core SSE4.2 731M Nov. ‘08
>64KB 256KB per core 8MB Core SSE4.2 774M Sept. ‘09
>64KB 256KB per core 4MB Core SSE4.2 560M Jan. 10
>64KB 256KB per core 12MB Core SSE4.2 1.17T March 10
>64KB 256KB per core 8MB Core SSE4.2, AVX 995M Jan. 11
>64KB 256KB per core 6MB Core SSE4.2, AVX 624M Jan. 11
>64KB 256KB per core 3MB Core SSE4.2, AVX 504M Jan. ‘11

2. Intel later marketed SL Enhanced versions of the SX, DX, and DX2 processors.

These processors were available in both 5V and 3.3V versions and included power management capabilities.

L2/L3 Multimedia
L1 Cache L2 Cache L3 Cache Cache Speed Instructions Transistors  Introduced
16+8KB — — Bus — 4.3M March 1996
2x32KB = = Bus MMX 8.8M Apr. 1997
2x32KB — — Bus 3DNow! 9.3M May 1998
2x32KB 256KB — Core 3DNow! 21.3M Feb. 1999
2x64KB 512KB — 1/2-1/3 core  Enh. 3DNow! 22M June 1999
2x64KB 64KB — Core? Enh. 3DNow! 25M June 2000
2x64KB 256KB — Core Enh. 3DNow! 37M June 2000
2x64KB 256KB — Core 3DNow! Pro 37.5M Oct. 2001
2x64KB 256KB — Core 3DNow! Pro 37.2M June 2002
2x64KB 512KB — Core 3DNow! Pro 54.3M Feb. 2003
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Table 3.2 Continued

Process Data Max.
Processor Cores (Micron) Clock Voltage Registers  Bus Memory
Athlon 64 (ClawHammer/ 1 0.13,0.09 >2x 1.5V 64-bit 16-bit 1TB
Winchester)
Athlon 64 FX 1 0.13 >2x 1.5V 64-bit 16-bit 1TB
(SledgeHammer)
Athlon 64 X2 2 0.09 >2x 1.4V 64-bit 16-bit 1TB
(Manchester)
Athlon 64 X2 (Toledo) 2 0.09 >2x 1.4V 64-bit 16-bit 1TB
Athlon 64 X2 (Windsor) 2 0.09 >2x 1.4V 64-bit 16-bit 1TB
Athlon X2, 64 X2 2 0.065 >2x 1.35V 64-bit 16-bit 1TB
(Brisbane)
Phenom X3/X4 3/4 0.065 >2x 1.4V 64-bit 16-bit 1TB
(Toliman/Agenal)
Athlon X2 (Kuma) 2 0.065 >2x 1.3V 64-bit 16-bit 1TB
Phenom Il X2/X3/X4 2/3/4  0.045 >2x 1.4V 64-bit 16-bit 1TB
(Callisto/Heka/Deneb)
Athlon 1l X2 (Regor) 2 0.045 >2x 1.4V 64-bit 16-bit 16GB
Phenom Il X6 (Thuban) 6 0.045 >2x 1.375-1.4V  é4-bit 64-bit 1TB

Data 1/0 Bus

Two of the more important features of a processor are the speed and width of its external data bus.
These define the rate at which data can be moved into or out of the processor.

Data in a computer is sent as digital information in which certain voltages or voltage transitions
occurring within specific time intervals represent data as 1s and Os. You can increase the amount of
data being sent (called bandwidth) by increasing either the cycling time or the number of bits being
sent at a time, or both. Over the years, processor data buses have gone from 8 bits wide to 64 bits
wide. The more wires you have, the more individual bits you can send in the same interval. All mod-
ern processors from the original Pentium and Athlon through the latest Core 2, Athlon 64 X2, and
even the Itanium and Itanium 2 have a 64-bit (8-byte)-wide data bus. Therefore, they can transfer 64
bits of data at a time to and from the motherboard chipset or system memory.

A good way to understand this flow of information is to consider a highway and the traffic it carries.
If a highway has only one lane for each direction of travel, only one car at a time can move in a cer-
tain direction. If you want to increase the traffic flow (move more cars in a given time), you can

either increase the speed of the cars (shortening the interval between them), add more lanes, or both.

As processors evolved, more lanes were added, up to a point. You can think of an 8-bit chip as being a
single-lane highway because 1 byte flows through at a time. (1 byte equals 8 individual bits.) The 16-
bit chip, with 2 bytes flowing at a time, resembles a two-lane highway. You might have four lanes in
each direction to move a large number of automobiles; this structure corresponds to a 32-bit data bus,
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L2/L3 Multimedia
L1 Cache L2 Cache L3 Cache Cache Speed Instructions Transistors  Introduced
2x64KB 1TMB — Core 3DNow! Pro (SSE3 105.9M Sept. 2003
for 0.09 process)
2x64KB 1MB = Core 3DNow! Pro 105.9M Sept. 2003
2x64KB 256KB/512KB  — Core SSE3 154M June 2005
per core per core
2x64KB 512KB/1MB — Core SSE3 233M June 2005
per core per core
2x64KB 512KB/1MB — Core SSE3 233.2M May 2005
per core per core
2x64KB 512KB = Core SSE3 154M Dec. 2006
per core per core
2x64KB 512KB 2MB Core SSE4a 450M Nov. 2007
per core per core
2x64KB 512KB MB Core SSE4a 450M Dec. 2008
per core per core 2
2x64KB 512KB 6MB Core SSE4a 758M Jan. 2009
per core per core
2x64KB 1MB per core = Core SSE4a 234M June 2009
per core
>64KB 512KB per core  6GB Core SSE 4.2a 904M Apr. ‘10

which has the capability to move 4 bytes of information at a time. Taking this further, a 64-bit data
bus is like having an eight-lane highway moving data in and out of the chip.

After 64-bit-wide buses were reached, chip designers found that they couldn’t increase speed further,
because it was too hard to synchronize all 64 bits. It was discovered that by going back to fewer lanes,
it was possible to increase the speed of the bits (that is, shorten the cycle time) such that even greater
bandwidths were possible. Because of this, many newer processors have only 4-bit or 16-bit-wide data
buses, yet they have higher bandwidths than the 64-bit buses they replaced.

Another improvement in newer processors is the use of multiple separate buses for different tasks.
Traditional processor design had all the data going through a single bus, whereas newer processors
have separate physical buses for data to and from the chipset, memory, and graphics card slot(s).

Address Bus

The address bus is the set of wires that carry the addressing information used to describe the memory
location to which the data is being sent or from which the data is being retrieved. As with the data
bus, each wire in an address bus carries a single bit of information. This single bit is a single digit in
the address. The more wires (digits) used in calculating these addresses, the greater the total number
of address locations. The size (or width) of the address bus indicates the maximum amount of RAM a
chip can address.

The highway analogy in the previous section, “Data I/O Bus,” can show how the address bus fits in. If
the data bus is the highway and the size of the data bus is equivalent to the number of lanes, the
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address bus relates to the house number or street address. The size of the address bus is equivalent to
the number of digits in the house address number. For example, if you live on a street in which the
address is limited to a two-digit (base 10) number, no more than 100 distinct addresses (00-99) can
exist for that street (10%). Add another digit, and the number of available addresses increases to 1,000
(000-999), or 103.

Computers use the binary (base 2) numbering system, so a two-digit number provides only four
unique addresses (00, 01, 10, and 11), calculated as 22. A three-digit number provides only eight
addresses (000—111), which is 23. For example, the 8086 and 8088 processors use a 20-bit address bus
that calculates a maximum of 22°, or 1,048,576 bytes (1MB), of address locations. Table 3.3 describes
the memory-addressing capabilities of processors.

Table 3.3 Processor Physical Memory-Addressing Capabilities

Processor Address

Family Bus Bytes KiB MiB GiB TiB
8088, 8086 20-bit 1,048,576 1,024 1 — —
86, 386SX 24-bit 16,777,216 16,384 16 = =
386DX, 486, Pentium,  32-bit 4,294,967,296 4,194,304 4,096 4 —
K6, Athlon

Pentium w/PAE 36-bit 68,719,476,736 67,108,864 65,536 64 =
64-bit AMD/Intel 40-bit 1,099,511,627,776 1,073,741,824 1,048,576 1,024 1

PAE = Physical Address Extension (supported by Server OS only)

KiB = Kibibytes

MiB = Mebibytes

TiB = Tebibytes

See http://physics.nist.gov/cuu/Units/binary.html for more information on prefixes for binary multiples.

The data bus and address bus are independent, and chip designers can use whatever size they want for
each. Usually, however, chips with larger data buses have larger address buses. The sizes of the buses
can provide important information about a chip’s relative power, measured in two important ways.
The size of the data bus indicates the chip’s information-moving capability, and the size of the
address bus tells you how much memory the chip can handle.

Internal Registers (Internal Data Bus)

The size of the internal registers indicates how much information the processor can operate on at one
time and how it moves data around internally within the chip. This is sometimes also referred to as
the internal data bus. A register is a holding cell within the processor; for example, the processor can
add numbers in two different registers, storing the result in a third register. The register size deter-
mines the size of data on which the processor can operate. The register size also describes the type of
software or commands and instructions a chip can run. That is, processors with 32-bit internal regis-
ters can run 32-bit instructions that are processing 32-bit chunks of data, but processors with 16-bit
registers can’t. Processors from the 386 to the Pentium 4 use 32-bit internal registers and can run
essentially the same 32-bit OSs and software. The Core 2, Athlon 64, and newer processors have both
32-bit and 64-bit internal registers, which can run existing 32-bit OSs and applications as well as
newer 64-bit versions.


http://physics.nist.gov/cuu/Units/binary.html
http://physics.nist.gov/cuu/Units/binary.html
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Processor Modes

All Intel and Intel-compatible processors from the 386 on up can run in several modes. Processor
modes refer to the various operating environments and affect the instructions and capabilities of the
chip. The processor mode controls how the processor sees and manages the system memory and the
tasks that use it.

Table 3.4 summarizes the processor modes and submodes.

Table 3.4 Processor Modes

os Memory Default Register
Mode Submode Required Software Address Size Operand Size  Width
Real — 16-bit 16-bit 24-bit 16-bit 16-bit
IA-32  Profected 32-bit 32-bit 32-bit 32-bit 32/16-bit
Virtual real 32-bit 16-bit 24-bit 16-bit 16-bit
IA-32¢  64-bit 64-bit 64-bit 64-bit 32-bit 64-bit
Compatibility 64-bit 32-bit 32-bit 32-bit 32/16-bit

IA-32¢ (64-bit extension mode) is also called x64, AMD64, x86-64, or EM64T

Real Mode

<<«
<4<

Real mode is sometimes called 8086 mode because it is based on the 8086 and 8088 processors. The
original IBM PC included an 8088 processor that could execute 16-bit instructions using 16-bit inter-
nal registers and could address only 1IMB of memory using 20 address lines. All original PC software
was created to work with this chip and was designed around the 16-bit instruction set and 1MB mem-
ory model. For example, DOS and all DOS software, Windows 1.x through 3.x, and all Windows 1.x
through 3.x applications are written using 16-bit instructions. These 16-bit OSs and applications are
designed to run on an original 8088 processor.

See "Internal Registers (Internal Data Bus),” p. 44 (this chapter).
See "Address Bus,” p. 43 [this chapter).

Later processors such as the 286 could run the same 16-bit instructions as the original 8088, but
much faster. In other words, the 286 was fully compatible with the original 8088 and could run all
16-bit software just the same as an 8088, but, of course, that software would run faster. The 16-bit
instruction mode of the 8088 and 286 processors has become known as real mode. All software run-
ning in real mode must use only 16-bit instructions and live within the 20-bit (1MB) memory archi-
tecture it supports. Software of this type is usually single-tasking—that is, only one program can run
at a time. No built-in protection exists to keep one program from overwriting another program or
even the OS in memory. Therefore, if more than one program is running, one of them could bring
the entire system to a crashing halt.

IA-32 Mode (32-Bit)

Then came the 386, which was the PC industry’s first 32-bit processor. This chip could run an entirely
new 32-bit instruction set. To take full advantage of the 32-bit instruction set, a 32-bit OS and a 32-bit
application were required. This new 32-bit mode was referred to as protected mode, which alludes to
the fact that software programs running in that mode are protected from overwriting one another in
memory. Such protection makes the system much more crash-proof because an errant program can’t
easily damage other programs or the OS. In addition, a crashed program can be terminated while the
rest of the system continues to run unaffected.
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Knowing that new OSs and applications—which take advantage of the 32-bit protected mode—would
take some time to develop, Intel wisely built a backward-compatible real mode into the 386. That
enabled it to run unmodified 16-bit OSs and applications. It ran them quite well—much more quickly
than any previous chip. For most people, that was enough. They did not necessarily want new 32-bit
software; they just wanted their existing 16-bit software to run more quickly. Unfortunately, that
meant the chip was never running in the 32-bit protected mode, and all the features of that capability
were being ignored.

When a 386 or later processor is running DOS (real mode), it acts like a “Turbo 8088,” which means
the processor has the advantage of speed in running any 16-bit programs; it otherwise can use only
the 16-bit instructions and access memory within the same 1MB memory map of the original 8088.
Therefore, if you have a system with a current 32-bit or 64-bit processor running Windows 3.x or
DOS, you are effectively using only the first megabyte of memory, leaving all the other RAM largely
unused!

New OSs and applications that ran in the 32-bit protected mode of the modern processors were
needed. Being stubborn, we as users resisted all the initial attempts at being switched over to a 32-bit
environment. People are resistant to change and are sometimes more content with running older soft-
ware more quickly than with adopting new software with new features. I'll be the first one to admit
that I was (and still am) one of those stubborn users myself!

Because of this resistance, true 32-bit OSs took quite a while before getting a mainstream share in the
PC marketplace. Windows XP was the first true 32-bit OS that became a true mainstream product, and
that is primarily because Microsoft coerced us in that direction with Windows 9x/Me (which are
mixed 16-bit/32-bit systems). Windows 3.x was the last 16-bit OS, which some did not really consider
a complete OS because it ran on top of DOS.

IA-32 Virtual Real Mode

The key to the backward compatibility of the Windows 32-bit environment is the third mode in the
processor: virtual real mode. Virtual real is essentially a virtual real mode 16-bit environment that runs
inside 32-bit protected mode. When you run a DOS prompt window inside Windows, you have cre-
ated a virtual real mode session. Because protected mode enables true multitasking, you can actually
have several real mode sessions running, each with its own software running on a virtual PC. These
can all run simultaneously, even while other 32-bit applications are running.

Note that any program running in a virtual real mode window can access up to only 1MB of memory,
which that program will believe is the first and only megabyte of memory in the system. In other
words, if you run a DOS application in a virtual real window, it will have a 640KB limitation on mem-
ory usage. That is because there is only 1MB of total RAM in a 16-bit environment, and the upper
384KB is reserved for system use. The virtual real window fully emulates an 8088 environment, so
that aside from speed, the software runs as if it were on an original real mode-only PC. Each virtual
machine gets its own 1MB address space, an image of the real hardware basic input/output system
(BIOS) routines, and emulation of all other registers and features found in real mode.

Virtual real mode is used when you use a DOS window to run a DOS or Windows 3.x 16-bit program.
When you start a DOS application, Windows creates a virtual DOS machine under which it can run.

One interesting thing to note is that all Intel and Intel-compatible (such as AMD and VIA/Cyrix)
processors power up in real mode. If you load a 32-bit OS, it automatically switches the processor into
32-bit mode and takes control from there.

It’s also important to note that some 16-bit (DOS and Windows 3.x) applications misbehave in a 32-
bit environment, which means they do things that even virtual real mode does not support.
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Diagnostics software is a perfect example of this. Such software does not run properly in a real mode
(virtual real) window under Windows. In that case, you can still run your modern system in the origi-
nal no-frills real mode by booting to a DOS or Windows 9x/Me startup floppy.

Although 16-bit DOS and “standard” DOS applications use real mode, special programs are available
that “extend” DOS and allow access to extended memory (over 1MB). These are sometimes called DOS
extenders and usually are included as part of any DOS or Windows 3.x software that uses them. The
protocol that describes how to make DOS work in protected mode is called DOS protected mode inter-
face (DPMI).

Windows 3.x used DPMI to access extended memory for use with Windows 3.x applications. It
allowed these programs to use more memory even though they were still 16-bit programs. DOS exten-
ders are especially popular in DOS games because they enable them to access much more of the sys-
tem memory than the standard 1MB that most real mode programs can address. These DOS extenders
work by switching the processor in and out of real mode. In the case of those that run under
Windows, they use the DPMI interface built into Windows, enabling them to share a portion of the
system’s extended memory.

Another exception in real mode is that the first 64KB of extended memory is actually accessible to the
PC in real mode, despite the fact that it’s not supposed to be possible. This is the result of a bug in the
original IBM AT with respect to the 21st memory address line, known as A20 (AO is the first address
line). By manipulating the A20 line, real mode software can gain access to the first 64KB of extended
memory—the first 64KB of memory past the first megabyte. This area of memory is called the high
memory area (HMA).

IA-32e 64-Bit Extension Mode (x64, AMD64, x86-64, EM64T)

64-bit extension mode is an enhancement to the IA-32 architecture originally designed by AMD and
later adopted by Intel.

In 2003, AMD introduced the first 64-bit processor for x86-compatible desktop computers—the
Athlon 64—followed by its first 64-bit server processor, the Opteron. In 2004, Intel introduced a series
of 64-bit-enabled versions of its Pentium 4 desktop processor. The years that followed saw both com-
panies introducing more and more processors with 64-bit capabilities.

Processors with 64-bit extension technology can run in real (8086) mode, IA-32 mode, or IA-32e
mode. [A-32 mode enables the processor to run in protected mode and virtual real mode. IA-32e
mode allows the processor to run in 64-bit mode and compatibility mode, which means you can run
both 64-bit and 32-bit applications simultaneously. IA-32e mode includes two submodes:

64-bit mode—Enables a 64-bit OS to run 64-bit applications
Compatibility mode—Enables a 64-bit OS to run most existing 32-bit software

IA-32e 64-bit mode is enabled by loading a 64-bit OS and is used by 64-bit applications. In the 64-bit
submode, the following new features are available:

64-bit linear memory addressing

Physical memory support beyond 4GB (limited by the specific processor)

Eight new general-purpose registers (GPRs)

Eight new registers for streaming SIMD extensions (MMX, SSE, SSE2, and SSE3)

64-bit-wide GPRs and instruction pointers
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IE-32e compatibility mode enables 32-bit and 16-bit applications to run under a 64-bit OS.
Unfortunately, legacy 16-bit programs that run in virtual real mode (that is, DOS programs) are not
supported and will not run, which is likely to be the biggest problem for many users. Similar to 64-bit
mode, compatibility mode is enabled by the OS on an individual code basis, which means 64-bit
applications running in 64-bit mode can operate simultaneously with 32-bit applications running in
compatibility mode.

What we need to make all this work is a 64-bit OS and, more importantly, 64-bit drivers for all our
hardware to work under that OS. Although Microsoft released a 64-bit version of Windows XP, few
companies released 64-bit XP drivers. It wasn’t until Windows Vista and especially Windows 7 x64
versions were released that 64-bit drivers became plentiful enough that 64-bit hardware support was
considered mainstream.

Note that Microsoft uses the term x64 to refer to processors that support either AMD64 or EM64T
because AMD and Intel’s extensions to the standard IA32 architecture are practically identical and can
be supported with a single version of Windows.

Note
Early versions of EM64Tequipped processors from Intel lacked support for the LAHF and SAHF instructions used in the

AMDO4 instruction sef. However, Pentium 4 and Xeon DP processors using core steppings G1 and higher completely sup-
port these instructions; a BIOS update is also needed. Newer multicore processors with 64-bit support include these

instructions as well.

The physical memory limits for Windows XP and later 32-bit and 64-bit editions are shown in Table 3.5.

Table 3.5 Windows Physical Memory Limits

Memory Limit Memory Limit
Windows Version (32-Bit) (64-Bit)
7 Professional/Ultimate 4GB 192GB
Vista Business/Ultimate 4GB 128GB
Vista/7 Home Premium 4GB 16GB
Vista/7 Home Basic 4GB 8GB
XP Professional 4GB 128GB
XP Home 4GB N/A

The major difference between 32-bit and 64-bit Windows is memory support—specifically, breaking
the 4GB barrier found in 32-bit Windows systems. 32-bit versions of Windows support up to 4GB of
physical memory, with up to 2GB of dedicated memory per process. 64-bit versions of Windows sup-
port up to 192GB of physical memory, with up to 4GB for each 32-bit process and up to 8TB for each
64-bit process. Support for more memory means applications can preload more data into memory,
which the processor can access much more quickly.

Note

Although 32-bit versions of Windows can support up to 4GB of RAM, applications cannot access more than about
3.25GB of RAM. The remainder of the address space is used by video cards, the system ROM, integrated PCl devices,
PCl cards, and APICs.
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64-bit Windows runs 32-bit Windows applications with no problems, but it does not run 16-bit
Windows, DOS applications, or any other programs that run in virtual real mode. Drivers are another
big problem. 32-bit processes cannot load 64-bit dynamic link libraries (DLLs), and 64-bit processes
cannot load 32-bit DLLs. This essentially means that, for all the devices you have connected to your
system, you need both 32-bit and 64-bit drivers for them to work. Acquiring 64-bit drivers for older
devices or devices that are no longer supported can be difficult or impossible. Before installing a 64-
bit version of Windows, be sure to check with the vendors of your internal and add-on hardware for
64-bit drivers.

Tip
If you cannot find 64-bit drivers designed for Windows Vista or Windows 7, look for 64-bit drivers for Windows XP x64
edition. These drivers offen work very well with later 64-bit versions of Windows.

Although vendors have ramped up their development of 64-bit software and drivers, you should still
keep all the memory size, software, and driver issues in mind when considering the transition from
32-bit to 64-bit technology. The transition from 32-bit hardware to mainstream 32-bit computing
took 16 years. The first 64-bit PC processor was released in 2003, and 64-bit computing really didn’t
become mainstream until the release of Windows 7 in late 2009.

Processor Benchmarks

People love to know how fast (or slow) their computers are. We have always been interested in speed;
it is human nature. To help us with this quest, we can use various benchmark test programs to mea-
sure aspects of processor and system performance. Although no single numerical measurement can
completely describe the performance of a complex device such as a processor or a complete PC,
benchmarks can be useful tools for comparing different components and systems.

However, the only truly accurate way to measure your system’s performance is to test the system
using the actual software applications you use. Although you think you might be testing one compo-
nent of a system, often other parts of the system can have an effect. It is inaccurate to compare sys-
tems with different processors, for example, if they also have different amounts or types of memory,
different hard disks, different video cards, and so on. All these things and more skew the test results.

Benchmarks can typically be divided into two types: component or system tests. Component bench-
marks measure the performance of specific parts of a computer system, such as a processor, hard disk,
video card, or optical drive, whereas system benchmarks typically measure the performance of the
entire computer system running a given application or test suite. These are also often called synthetic
benchmarks because they don’t measure actual work.

Benchmarks are, at most, only one kind of information you can use during the upgrading or purchas-
ing process. You are best served by testing the system using your own set of software OSs and applica-
tions and in the configuration you will be running.

I normally recommend using application-based benchmarks such as the BAPCo SYSmark
(www.bapco.com) to measure the relative performance difference between different processors or sys-
tems. The next section includes tables that show the results of SYSmark benchmark tests on current as
well as older processors.

Comparing Processor Performance
A common misunderstanding about processors is their different speed ratings. This section covers
processor speed in general and then provides more specific information about Intel, AMD, and
VIA/Cyrix processors.


www.bapco.com
www.bapco.com
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A computer system’s clock speed is measured as a frequency, usually expressed as a number of cycles
per second. A crystal oscillator controls clock speeds using a sliver of quartz sometimes housed in
what looks like a small tin container. Newer systems include the oscillator circuitry in the mother-
board chipset, so it might not be a visible separate component on newer boards. As voltage is applied
to the quartz, it begins to vibrate (oscillate) at a harmonic rate dictated by the shape and size of the
crystal (sliver). The oscillations emanate from the crystal in the form of a current that alternates at the
harmonic rate of the crystal. This alternating current is the clock signal that forms the time base on
which the computer operates. A typical computer system runs millions or billions of these cycles per
second, so speed is measured in megahertz or gigahertz. (One hertz is equal to one cycle per second.)
An alternating current signal is like a sine wave, with the time between the peaks of each wave defin-
ing the frequency (see Figure 3.1).

Clock Cycles

«—One cycle—»

Voltage Time

Figure 3.1 Alternating current signal showing clock cycle timing.

Note

The hertz was named for the German physicist Heinrich Rudolf Hertz. In 1885, Hertz confirmed the electromagnetic the-

ory, which states that light is a form of electromagnetic radiation and is propagated as waves.

A single cycle is the smallest element of time for the processor. Every action requires at least one cycle
and usually multiple cycles. To transfer data to and from memory, for example, a modern processor
such as the Pentium 4 needs a minimum of three cycles to set up the first memory transfer and then
only a single cycle per transfer for the next three to six consecutive transfers. The extra cycles on the
first transfer typically are called wait states. A wait state is a clock tick in which nothing happens. This
ensures that the processor isn’t getting ahead of the rest of the computer.

See "Memory Modules,” p. 333 (Chapter 6, “Memory”).
The time required to execute instructions also varies:

8086 and 8088 —The original 8086 and 8088 processors take an average of 12 cycles to execute
a single instruction.

286 and 386—The 286 and 386 processors improve this rate to about 4.5 cycles per instruc-
tion.

486—The 486 and most other fourth-generation Intel-compatible processors, such as the AMD
5x86, drop the rate further, to about 2 cycles per instruction.
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Pentium/K6—The Pentium architecture and other fifth-generation Intel-compatible proces-
sors, such as those from AMD and Cyrix, include twin instruction pipelines and other improve-
ments that provide for operation at one or two instructions per cycle.

P6/P7 and newer—Sixth-, seventh-, and newer-generation processors can execute as many as
three or more instructions per cycle, with multiples of that possible on multicore processors.

Different instruction execution times (in cycles) make comparing systems based purely on clock speed
or number of cycles per second difficult. How can two processors that run at the same clock rate per-
form differently, with one running “faster” than the other? The answer is simple: efficiency.

The main reason the 486 is considered fast relative to the 386 is that it executes twice as many
instructions in the same number of cycles. The same thing is true for a Pentium; it executes about
twice as many instructions in a given number of cycles as a 486. Therefore, given the same clock
speed, a Pentium is twice as fast as a 486, and consequently a 133MHz 486 class processor (such as
the AMD 5x86-133) is not even as fast as a 7SMHz Pentium! That is because Pentium megahertz are
“worth” about double what 486 megahertz are worth in terms of instructions completed per cycle.
The Pentium II and III are about 50% faster than an equivalent Pentium at a given clock speed
because they can execute about that many more instructions in the same number of cycles.

Unfortunately, after the Pentium III, it becomes much more difficult to compare processors on clock
speed alone. This is because the different internal architectures make some processors more efficient
than others, but these same efficiency differences result in circuitry that is capable of running at dif-
ferent maximum speeds. The less efficient the circuit, the higher the clock speed it can attain, and
vice versa.

One of the biggest factors in efficiency is the number of stages in the processor’s internal pipeline (see
Table 3.6).

Table 3.6 Number of Pipelines per CPU

Processor Pipeline Depth
Pentium Il 10-stage
Pentium M/Core 10-stage
Athlon/XP 10-stage
Athlon 64/Phenom/II 12-stage
Core 2/i5/i7 14-stage
Pentium 4 20-stage
Pentium 4 Prescott 31-stage
Pentium D 31-stage

A deeper pipeline effectively breaks down instructions into smaller microsteps, which allows overall
higher clock rates to be achieved using the same silicon technology. However, this also means that
overall fewer instructions can be executed in a single cycle as compared to processors with shorter
pipelines. This is because, if a branch prediction or speculative execution step fails (which happens
fairly frequently inside the processor as it attempts to line up instructions in advance), the entire
pipeline has to be flushed and refilled. Thus, if you compared an Intel Core i7 or AMD Phenom to a
Pentium 4 running at the same clock speed, the Core i7 and Phenom would execute more instruc-
tions in the same number of cycles.
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Although it is a disadvantage to have a deeper pipeline in terms of instruction efficiency, processors
with deeper pipelines can run at higher clock rates on a given manufacturing technology. Thus, even
though a deeper pipeline might be less efficient, the higher resulting clock speeds can make up for it.
The deeper 20- or 31-stage pipeline in the P4 architecture enabled significantly higher clock speeds to
be achieved using the same silicon die process as other chips. As an example, the 0.13-micron process
Pentium 4 ran up to 3.4GHz, whereas the Athlon XP topped out at 2.2GHz (3200+ model) in the
same introduction timeframe. Even though the Pentium 4 executes fewer instructions in each cycle,
the overall higher cycling speeds made up for the loss of efficiency; the higher clock speed versus the
more efficient processing effectively cancelled each other out.

Unfortunately, the deep pipeline combined with high clock rates did come with a penalty in power
consumption, and therefore heat generation as well. Eventually it was determined that the power
penalty was too great, causing Intel to drop back to a more efficient design in its newer Core microar-
chitecture processors. Rather than solely increase clock rates, performance was increased by combin-
ing multiple processors into a single chip, thus improving the effective instruction efficiency even
further. This began the push toward multicore processors.

One thing is clear in all of this confusion: Raw clock speed is not a good way to compare chips, unless
they are from the same manufacturer, model, and family.

To fairly compare various CPUs at different clock speeds, Intel originally devised a specific series of
benchmarks called the Intel Comparative Microprocessor Performance (iICOMP) index. The iCOMP index
benchmark was released in original iCOMP, iCOMP 2.0, and iCOMP 3.0 versions.

The iCOMP 2.0 index was derived from several independent benchmarks as an indication of relative
processor performance. The benchmarks balance integer with floating-point and multimedia perfor-
mance.

The iCOMP 2.0 index comparison for Pentium 75 through Pentium II 450 is available in Chapter 3 of
Upgrading and Repairing PCs, 19" edition, found in its entirety on the disc packaged with this book.

Intel and AMD rate their latest processors using the commercially available BAPCo SYSmark bench-
mark suites. SYSmark is an application-based benchmark that runs various scripts to do actual work
using popular applications. Many companies use it to test and compare PC systems and components.
The SYSmark benchmark is a much more modern and real-world benchmark than the iCOMP bench-
mark Intel previously used, and because it is available to anybody, the results can be independently
verified. You can purchase the SYSmark benchmark software from BAPCo at www.bapco.com or from
FutureMark at www.futuremark.com. Although the newest SYSmark version is SYSmark 2012, the
most widely used version of SYSmark for benchmarking current processors is SYSmark 2007. Table 3.7
compares the SYSmark 2007 scores for selected processors from Intel and AMD.

Note
According to Anandtech.com, SYSmark 2007 does not adequately capture the full performance benefit of more than two

processor cores: the applications and workload used in the benchmark put litlle stress on more than two processor
threads.

For SYSmark 2004 and SYSmark 2004SE comparisons for processors such as the Core 2 family,
Pentium D, Pentium 4 and Pentium Extreme Edition, Celeron D, Pentium III, Athlon 64, Athlon 64
X2, Sempron, and Athlon XP, see Table 3.8 and 3.9 in Chapter 3 of Upgrading and Repairing PCs, 19"
edition, available in its entirety on the disc packaged with this book.

To see additional processors with SYSmark scores of 100 or higher and processors with scores under
100, see www.anandtech.com/bench/CPU/2.
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CPU

Clock/Cache/FSB

SYSmark 2007 Rating

Intel Core i7 2600K

Intel Core i5 2500K

Intel Core i7 980X Extreme
Intel Core i5 2400

Intel Core i3 2100

AMD Phenom Il X4 980 BE
AMD Phenom Il X6 1090T
Intel Core 2 Quad Q9650
Intel Core 2 Duo E8600
AMD Phenom Il x2 560 BE
Intel Pentium G6950

AMD Athlon Il X3 455
AMD Phenom X4 9950
AMD Phenom Il X3 720
Intel Core 2 Duo P8800
Intel Core 2 Quad Q8200
Intel Core 2 Duo T7800
Intel Pentium E5400

AMD Athlon X2 7850
AMD Phenom X4 9850
Intel Core 2 Duo P7570
Intel Core 2 Duo P8400
Intel Core 2 Duo P7550
AMD Athlon X2 7750
AMD Athlon 64 X2 6400+
AMD Phenom X3 8750
AMD Phenom X4 9650
Intel Core 2 Duo P7450
Intel Core 2 Duo T8100
AMD Athlon 64 X2 6000+
Intel Core 2 Duo T7600
Intel Core 2 Duo T7300
Intel Core 2 Duo E4500
Intel Core 2 Duo T5900
Intel Core Duo 72700
AMD Phenom X4 9600
Intel Core 2 Duo T6570
AMD Athlon X2 6000+
Intel Core 2 Duo T6500

3.4GHz/8MB/1,333
3.3GHz/6MB/1,333
3.33GHz/12MB/1,066
3.1GHz/6MB/1,333
3.1GHz/3MB/850
3.7GHz/6MB/2000
3.20GHz/6MB/2000
3.00GHz/12MB/1,333
3.33GHz/6MB/1,333
3.30GHz/6MB/2000
2.80GHz/3MB L3/533
3.30GHz/1.5/1,000
2.60GHz/2MB/1,000
2.80GHz/6MB/1,000
2.66GHz/3MB/1,066
2.33GHz/4MB/1,333
2.60GHz/4MB/800
2.70GHz/2MB/800
2.80GHz/2MB/1,000
2.50GHz/2MB/1,000
2.26GHz/3MB/1,066
2.26GHz/3MB/1,066
2.26GHz/3MB/1,066
2.70GHz/2MB/1,000
3.20GHz/2MB/1,000
2.40GHz/2MB/1,000
2.30GHz/2MB/1,000
2.13GHz/3MB/1,066
2.10GHz/3MB/800
3.00GHz/1MB/1,000
2.33GHz/4MB/ 667
2.00GHz/4MB/800
2.20GHz/2MB/800
2.20GHz/2MB/800
2.33GHz/2MB/ 667
2.30GHz/2MB/1,000
2.10GHz/2MB/800
3.10GHz/1MB/1,000
2.10GHz/2MB/800

274
265
257
246
215
215
204
187
186
181

176
160
152
141

139
138
137
136
127
126
126
126
125
122
119
119
119
118
118
112
112
112
111

111

110
110
110
109
109




54 Chapter 3

Processor Types and Specifications

Table 3.7 Continued

CPU

Clock/Cache/FSB

SYSmark 2007 Rating

AMD Athlon 64 X2 5800+ 3.00GHz/1MB/1,000 107
Intel Pentium E2200 2.20GHz/1MB/800 107
Intel Core 2 Duo T7400 2.16GHz/4MB/ 667 107
AMD Phenom X3 8450 2.10GHz/2MB/1,000 107
AMD Phenom X4 9500 2.20GHz/2MB/1,000 106
AMD Athlon 64 X2 5600+ 2.90GHz/1MB/1,000 105
Intel Core 2 Duo T5870 2.00GHz/2MB/800 105
Intel Pentium T4300 2.10GHz/1MB/800 103
AMD Athlon 64 X2 5400+ 2.80GHz/1MB/1,000 102
Intel Core 2 Duo E4400 2.00GHz/2MB/800 102
Intel Pentium E2180 2.00GHz/1MB/800 102
Intel Core 2 Duo E6300 1.86GHz/2MB/1,066 102
AMD Phenom X4 9150 1.80GHz/2MB/1,000 102
Intel Core 2 Duo T7200 2.00GHz/4MB/667 101
AMD Athlon 64 X2 5200+ 2.60GHz/2MB/1,000 100

The SYSmark benchmarks are commercially available application-based benchmarks that reflect the
normal usage of business users employing modern Internet content creation and office applications.
However, it is important to note that the scores listed here are produced by complete systems and are
affected by things such as the specific version of the processor, the motherboard and chipset used, the
amount and type of memory installed, the speed of the hard disk, and other factors. For complete dis-
closure of the other factors resulting in the given scores, see the reports on the BAPCo website at
www.bapco.com.

Cache Memory

44

As processor core speeds increased, memory speeds could not keep up. How could you run a processor
faster than the memory from which you fed it without having performance suffer terribly? The
answer was cache. In its simplest terms, cache memory is a high-speed memory buffer that temporarily
stores data the processor needs, allowing the processor to retrieve that data faster than if it came from
main memory. But there is one additional feature of a cache over a simple buffer, and that is intelli-
gence. A cache is a buffer with a brain.

A buffer holds random data, usually on a first-in, first-out basis or a first-in, last-out basis. A cache, on
the other hand, holds the data the processor is most likely to need in advance of it actually being
needed. This enables the processor to continue working at either full speed or close to it without hav-
ing to wait for the data to be retrieved from slower main memory. Cache memory is usually made up
of static RAM (SRAM) memory integrated into the processor die, although older systems with cache
also used chips installed on the motherboard.

See "Cache Memory: SRAM,” p. 319 (Chapter 6).

For the majority of desktop systems, there are two levels of processor/memory cache used in a mod-
ern PC: Level 1 (L1) and Level 2 (L2). An increasing number of high-performance processors also have
Level 3 cache. These caches and their functioning are described in the following sections.


www.bapco.com
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Internal Level 1 Cache

»>>

All modern processors starting with the 486 family include an integrated L1 cache and controller. The
integrated L1 cache size varies from processor to processor, starting at 8KB for the original 486DX and
now up to 128KB or more in the latest processors.

Note

Multi-core processors include separate L1 caches for each processor core. Also, L1 cache is divided into equal amounts

for instructions and data.

To understand the importance of cache, you need to know the relative speeds of processors and mem-
ory. The problem with this is that processor speed usually is expressed in MHz or GHz (millions or bil-
lions of cycles per second), whereas memory speeds are often expressed in nanoseconds (billionths of
a second per cycle). Most newer types of memory express the speed in either MHz or in megabyte per
second (MBps) bandwidth (throughput).

Both are really time- or frequency-based measurements, and a chart comparing them can be found in
Table 6.3 in Chapter 6. In this table, you will note that a 233MHz processor equates to 4.3-nanosec-
ond cycling, which means you would need 4ns memory to keep pace with a 200MHz CPU. Also, note
that the motherboard of a 233MHz system typically runs at 66MHz, which corresponds to a speed of
15ns per cycle and requires 15ns memory to keep pace. Finally, note that 60ns main memory (com-
mon on many Pentium-class systems) equates to a clock speed of approximately 16MHz. So, a typical
Pentium 233 system has a processor running at 233MHz (4.3ns per cycle), a motherboard running at
66MHz (15ns per cycle), and main memory running at 16MHz (60ns per cycle). This might seem like
a rather dated example, but in a moment, you will see that the figures listed here make it easy for me
to explain how cache memory works.

Because L1 cache is always built into the processor die, it runs at the full-core speed of the processor
internally. By full-core speed, I mean this cache runs at the higher clock multiplied internal processor
speed rather than the external motherboard speed. This cache basically is an area of fast memory built
into the processor that holds some of the current working set of code and data. Cache memory can be
accessed with no wait states because it is running at the same speed as the processor core.

Using cache memory reduces a traditional system bottleneck because system RAM is almost always
much slower than the CPU; the performance difference between memory and CPU speed has become
especially large in recent systems. Using cache memory prevents the processor from having to wait for
code and data from much slower main memory, thus improving performance. Without the L1 cache,
a processor would frequently be forced to wait until system memory caught up.

Cache is even more important in modern processors because it is often the only memory in the entire
system that can truly keep up with the chip. Most modern processors are clock multiplied, which
means they are running at a speed that is really a multiple of the motherboard into which they are
plugged. The only types of memory matching the full speed of the processor are the L1, L2, and L3
caches built into the processor core.

See "Memory Module Speed,” p. 344 (Chapter 0).

If the data that the processor wants is already in L1 cache, the CPU does not have to wait. If the data
is not in the cache, the CPU must fetch it from the Level 2 or Level 3 cache or (in less sophisticated
system designs) from the system bus—meaning main memory directly.
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How Cache Works

To learn how the L1 cache works, consider the following analogy.

This story involves a person (in this case, you) eating food to act as the processor requesting and oper-
ating on data from memory. The kitchen where the food is prepared is the main system memory (typ-
ically double data rate [DDR], DDR2, or DDR3 dual inline memory module [DIMMs]). The cache
controller is the waiter, and the L1 cache is the table where you are seated.

Okay, here’s the story. Say you start to eat at a particular restaurant every day at the same time. You
come in, sit down, and order a hot dog. To keep this story proportionately accurate, let’s say you nor-
mally eat at the rate of one bite (byte? <grin>) every four seconds (233MHz = about 4ns cycling). It
also takes 60 seconds for the kitchen to produce any given item that you order (60ns main memory).

So, when you arrive, you sit down, order a hot dog, and you have to wait for 60 seconds for the food
to be produced before you can begin eating. After the waiter brings the food, you start eating at your
normal rate. Pretty quickly you finish the hot dog, so you call the waiter over and order a hamburger.
Again, you wait 60 seconds while the hamburger is being produced. When it arrives, you again begin
eating at full speed. After you finish the hamburger, you order a plate of fries. Again you wait, and
after the fries are delivered 60 seconds later, you eat them at full speed. Finally, you decide to finish
the meal and order cheesecake for dessert. After another 60-second wait, you can eat cheesecake at
full speed. Your overall eating experience consists of a lot of waiting, followed by short bursts of
actual eating at full speed.

After coming into the restaurant for two consecutive nights at exactly 6 p.m. and ordering the same
items in the same order each time, on the third night the waiter begins to think, “I know this guy is
going to be here at 6 p.m., order a hot dog, a hamburger, fries, and then cheesecake. Why don't I
have these items prepared in advance and surprise him? Maybe I'll get a big tip.” So you enter the
restaurant and order a hot dog, and the waiter immediately puts it on your plate, with no waiting!
You then proceed to finish the hot dog and right as you are about to request the hamburger, the
waiter deposits one on your plate. The rest of the meal continues in the same fashion, and you eat
the entire meal, taking a bite every four seconds, and you never have to wait for the kitchen to pre-
pare the food. Your overall eating experience this time consists of all eating, with no waiting for the
food to be prepared, due primarily to the intelligence and thoughtfulness of your waiter.

This analogy describes the function of the L1 cache in the processor. The L1 cache itself is a table that
can contain one or more plates of food. Without a waiter, the space on the table is a simple food
buffer. When it’s stocked, you can eat until the buffer is empty, but nobody seems to be intelligently
refilling it. The waiter is the cache controller who takes action and adds the intelligence to decide
which dishes are to be placed on the table in advance of your needing them. Like the real cache con-
troller, he uses his skills to literally guess which food you will require next, and if he guesses correctly,
you never have to wait.

Let’s now say on the fourth night you arrive exactly on time and start with the usual hot dog. The
waiter, by now really feeling confident, has the hot dog already prepared when you arrive, so there is
no waiting.

Just as you finish the hot dog, and right as he is placing a hamburger on your plate, you say “Gee, I'd
really like a bratwurst now; I didn’t actually order this hamburger.” The waiter guessed wrong, and the
consequence is that this time you have to wait the full 60 seconds as the kitchen prepares your brat.
This is known as a cache miss, in which the cache controller did not correctly fill the cache with the
data the processor actually needed next. The result is waiting, or in the case of a sample 233MHz
Pentium system, the system essentially throttles back to 16MHz (RAM speed) whenever a cache miss
occurs.
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According to Intel, the L1 cache in most of its processors has approximately a 90% hit ratio. (Some
processors, such as the Pentium 4, are slightly higher.) This means that the cache has the correct data
90% of the time, and consequently the processor runs at full speed (233MHz in this example) 90% of
the time. However, 10% of the time the cache controller guesses incorrectly, and the data has to be
retrieved out of the significantly slower main memory, meaning the processor has to wait. This essen-
tially throttles the system back to RAM speed, which in this example was 60ns or 16MHz.

In this analogy, the processor was 14 times faster than the main memory. Memory speeds have
increased from 16MHz (60ns) to 333MHz (3.0ns) or faster in the latest systems, but processor speeds
have also risen to 3GHz and beyond. So even in the latest systems, memory is still 7.5 or more times
slower than the processor. Cache is what makes up the difference.

The main feature of L1 cache is that it has always been integrated into the processor core, where it
runs at the same speed as the core. This, combined with the hit ratio of 90% or greater, makes L1
cache important for system performance.

Level 2 Cache

To mitigate the dramatic slowdown every time an L1 cache miss occurs, a secondary (L2) cache is
employed.

Using the restaurant analogy I used to explain L1 cache in the previous section, I'll equate the L2
cache to a cart of additional food items placed strategically in the restaurant such that the waiter can
retrieve food from the cart in only 15 seconds (versus 60 seconds from the kitchen). In an actual
Pentium class (Socket 7) system, the L2 cache is mounted on the motherboard, which means it runs
at motherboard speed (66MHz, or 15ns in this example). Now, if you ask for an item the waiter did
not bring in advance to your table, instead of making the long trek back to the kitchen to retrieve the
food and bring it back to you 60 seconds later, he can first check the cart where he has placed addi-
tional items. If the requested item is there, he will return with it in only 15 seconds. The net effect in
the real system is that instead of slowing down from 233MHz to 16MHz waiting for the data to come
from the 60ns main memory, the system can instead retrieve the data from the 15ns (66MHz) L2
cache. The effect is that the system slows down from 233MHz to 66MHz.

All modern processors have integrated L2 cache that runs at the same speed as the processor core,
which is also the same speed as the L1 cache. For the analogy to describe these newer chips, the
waiter would simply place the cart right next to the table you were seated at in the restaurant. Then,
if the food you desired wasn’t on the table (L1 cache miss), it would merely take a longer reach over
to the adjacent L2 cache (the cart, in this analogy) rather than a 15-second walk to the cart as with
the older designs.

Level 3 Cache

Some processors, primarily those designed for high-performance desktop operation or enterprise-level
servers, contain a third level of cache known as L3 cache. In the past, relatively few processors had L3
cache, but it is becoming more and more common in newer and faster multicore processors such as
the Intel Core i7 and AMD Phenom II processors.

Extending the restaurant analogy I used to explain L1 and L2 caches, I'll equate L3 cache to another
cart of additional food items placed in the restaurant next to the cart used to symbolize L2 cache. If
the food item needed was not on the table (L1 cache miss) or on the first food cart (L2 cache miss),
the waiter could then reach over to the second food cart to retrieve a necessary item.

L3 cache proves especially useful in multicore processors, where the L3 is generally shared among all
the cores. Both Intel and AMD use L3 cache in most of their current processors because of the benefits
to multicore designs.
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Cache Performance and Design

Just as with the L1 cache, most L2 caches have a hit ratio also in the 90% range; therefore, if you look
at the system as a whole, 90% of the time it runs at full speed (233MHz in this example) by retrieving
data out of the L1 cache. Ten percent of the time it slows down to retrieve the data from the L2
cache. Ninety percent of the time the processor goes to the L2 cache, the data is in the L2, and 10%
of that time it has to go to the slow main memory to get the data because of an L2 cache miss. So, by
combining both caches, our sample system runs at full processor speed 90% of the time (233MHz in
this case), at motherboard speed 9% (90% of 10%) of the time (66MHz in this case), and at RAM
speed about 1% (10% of 10%) of the time (16MHz in this case). You can clearly see the importance of
both the L1 and L2 caches; without them the system uses main memory more often, which is signifi-
cantly slower than the processor.

This brings up other interesting points. If you could spend money doubling the performance of either
the main memory (RAM) or the L2 cache, which would you improve? Considering that main memory
is used directly only about 1% of the time, if you doubled performance there, you would double the
speed of your system only 1% of the time! That doesn’t sound like enough of an improvement to jus-
tifty much expense. On the other hand, if you doubled L2 cache performance, you would be doubling
system performance 9% of the time, which is a much greater improvement overall. I'd much rather
improve L2 than RAM performance. The same argument holds true for adding and increasing the size
of L3 cache, as many recent processors from AMD and some from Intel have done.

The processor and system designers at Intel and AMD know this and have devised methods of
improving the performance of L2 cache. In Pentium (P5) class systems, the L2 cache usually was
found on the motherboard and had to run at motherboard speed. Intel made the first dramatic
improvement by migrating the L2 cache from the motherboard directly into the processor and ini-
tially running it at the same speed as the main processor. The cache chips were made by Intel and
mounted next to the main processor die in a single chip housing. This proved too expensive, so with
the Pentium II, Intel began using cache chips from third-party suppliers such as Sony, Toshiba, NEC,
and Samsung. Because these were supplied as complete packaged chips and not raw die, Intel
mounted them on a circuit board alongside the processor. This is why the Pentium II was designed as
a cartridge rather than what looked like a chip.

One problem was the speed of the available third-party cache chips. The fastest ones on the market
were 3ns or higher, meaning 333MHz or less in speed. Because the processor was being driven in
speed above that, in the Pentium II and initial Pentium III processors, Intel had to run the L2 cache at
half the processor speed because that is all the commercially available cache memory could handle.
AMD followed suit with the Athlon processor, which had to drop L2 cache speed even further in
some models to two-fifths or one-third the main CPU speed to keep the cache memory speed less
than the 333MHz commercially available chips.

Then a breakthrough occurred, which first appeared in Celeron processors 300A and above. These had
128KB of L2 cache, but no external chips were used. Instead, the L2 cache had been integrated
directly into the processor core just like the L1. Consequently, both the L1 and L2 caches now would
run at full processor speed, and more importantly scale up in speed as the processor speeds increased
in the future. In the newer Pentium III, as well as all the Xeon and Celeron processors, the L2 cache
runs at full processor core speed, which means there is no waiting or slowing down after an L1 cache
miss. AMD also achieved full-core speed on-die cache in its later Athlon and Duron chips. Using on-
die cache improves performance dramatically because 9% of the time the system uses the L2. It now
remains at full speed instead of slowing down to one-half or less the processor speed or, even worse,
slowing down to motherboard speed as in Socket 7 designs. Another benefit of on-die L2 cache is
cost, which is less because fewer parts are involved. L3 on-die caches offer the same benefits for those
times when L1 and L2 cache do not contain the desired data. And, because L3 cache is much larger
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than L2 cache (6MB in AMD Phenom II and 12MB in Core i7 Extreme Edition), the odds of all three
cache levels not containing the information desired are reduced over processors which have only L1
and L2 cache.Let’s revisit the restaurant analogy using a 3.6GHz processor. You would now be taking a
bite every half second (3.6GHz = 0.28ns cycling). The L1 cache would also be running at that speed,
so you could eat anything on your table at that same rate (the table = L1 cache). The real jump in
speed comes when you want something that isn’t already on the table (L1 cache miss), in which case
the waiter reaches over to the cart (which is now directly adjacent to the table) and 9 out of 10 times
is able to find the food you want in just over one-quarter second (L2 speed = 3.6GHz or 0.28ns
cycling). In this system, you would run at 3.6GHz 99% of the time (L1 and L2 hit ratios combined)
and slow down to RAM speed (wait for the kitchen) only 1% of the time, as before. With faster mem-
ory running at 800MHz (1.25ns), you would have to wait only 1.25 seconds for the food to come
from the kitchen. If only restaurant performance would increase at the same rate processor perfor-
mance has!

Cache Organization

You know that cache stores copies of data from various main memory addresses. Because the cache
cannot hold copies of the data from all the addresses in main memory simultaneously, there has to be
a way to know which addresses are currently copied into the cache so that, if we need data from
those addresses, it can be read from the cache rather than from the main memory. This function is
performed by Tag RAM, which is additional memory in the cache that holds an index of the addresses
that are copied into the cache. Each line of cache memory has a corresponding address tag that stores
the main memory address of the data currently copied into that particular cache line. If data from a
particular main memory address is needed, the cache controller can quickly search the address tags to
see whether the requested address is currently being stored in the cache (a hit) or not (a miss). If the
data is there, it can be read from the faster cache; if it isn’t, it has to be read from the much slower
main memory.

Various ways of organizing or mapping the tags affect how cache works. A cache can be mapped as
fully associative, direct-mapped, or set associative.

In a fully associative mapped cache, when a request is made for data from a specific main memory
address, the address is compared against all the address tag entries in the cache tag RAM. If the
requested main memory address is found in the tag (a hit), the corresponding location in the cache is
returned. If the requested address is not found in the address tag entries, a miss occurs, and the data
must be retrieved from the main memory address instead of the cache.

In a direct-mapped cache, specific main memory addresses are preassigned to specific line locations in
the cache where they will be stored. Therefore, the tag RAM can use fewer bits because when you
know which main memory address you want, only one address tag needs to be checked, and each tag
needs to store only the possible addresses a given line can contain. This also results in faster operation
because only one tag address needs to be checked for a given memory address.

A set associative cache is a modified direct-mapped cache. A direct-mapped cache has only one set of
memory associations, meaning a given memory address can be mapped into (or associated with) only
a specific given cache line location. A two-way set associative cache has two sets, so that a given
memory location can be in one of two locations. A four-way set associative cache can store a given
memory address into four different cache line locations (or sets). By increasing the set associativity,
the chance of finding a value increases; however, it takes a little longer because more tag addresses
must be checked when searching for a specific location in the cache. In essence, each set in an n-way
set associative cache is a subcache that has associations with each main memory address. As the num-
ber of subcaches or sets increases, eventually the cache becomes fully associative—a situation in
which any memory address can be stored in any cache line location. In that case, an n-way set asso-
ciative cache is a compromise between a fully associative cache and a direct-mapped cache.
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In general, a direct-mapped cache is the fastest at locating and retrieving data from the cache because
it has to look at only one specific tag address for a given memory address. However, it also results in
more misses overall than the other designs. A fully associative cache offers the highest hit ratio but is
the slowest at locating and retrieving the data because it has many more address tags to check
through. An n-way set associative cache is a compromise between optimizing cache speed and hit
ratio, but the more associativity there is, the more hardware (tag bits, comparator circuits, and so on)
is required, making the cache more expensive. Obviously, cache design is a series of trade-offs, and
what works best in one instance might not work best in another. Multitasking environments such as
Windows are good examples of environments in which the processor needs to operate on different
areas of memory simultaneously and in which an n-way cache can improve performance.

The contents of the cache must always be in sync with the contents of main memory to ensure that
the processor is working with current data. For this reason, the internal cache in the 486 family was a
write-through cache. Write-through means that when the processor writes information to the cache,
that information is automatically written through to main memory as well.

By comparison, Pentium and later chips have an internal write-back cache, which means that both
reads and writes are cached, further improving performance.

Another feature of improved cache designs is that they are nonblocking. This is a technique for reduc-
ing or hiding memory delays by exploiting the overlap of processor operations with data accesses. A
nonblocking cache enables program execution to proceed concurrently with cache misses as long as
certain dependency constraints are observed. In other words, the cache can handle a cache miss much
better and enable the processor to continue doing something nondependent on the missing data.

The cache controller built into the processor also is responsible for watching the memory bus when
alternative processors, known as bus masters, control the system. This process of watching the bus is
referred to as bus snooping. If a bus master device writes to an area of memory that also is stored in the
processor cache currently, the cache contents and memory no longer agree. The cache controller then
marks this data as invalid and reloads the cache during the next memory access, preserving the
integrity of the system.

All PC processor designs that support cache memory include a feature known as a translation lookaside
buffer (TLB) to improve recovery from cache misses. The TLB is a table inside the processor that stores
information about the location of recently accessed memory addresses. The TLB speeds up the transla-
tion of virtual addresses to physical memory addresses.

As clock speeds increase, cycle time decreases. Newer systems no longer use cache on the mother-
board because the faster system memory used in modern systems can keep up with the motherboard
speed. Modern processors integrate the L2 cache into the processor die just like the L1 cache, and
most recent models include on-die L3 as well. This enables the L2/L3 to run at full-core speed because
it is now part of the core.

Processor Features

As new processors are introduced, new features are continually added to their architectures to
improve everything from performance in specific types of applications to the reliability of the CPU as
a whole. The next few sections look at some of these technologies.

System Management Mode (SMM)
Spurred on initially by the need for more robust power management capabilities in mobile computers,
Intel and AMD began adding System Management Mode (SMM) to its processors during the early 1990s.
SMM is a special-purpose operating mode provided for handling low-level system power management
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and hardware control functions. SMM offers an isolated software environment that is transparent to
the OS or applications software and is intended for use by system BIOS or low-level driver code.

SMM was introduced as part of the Intel 386SL mobile processor in October 1990. SMM later appeared
as part of the 486SL processor in November 1992, and in the entire 486 line starting in June 1993.
SMM was notably absent from the first Pentium processors when they were released in March 1993;
however, SMM was included in all 75MHz and faster Pentium processors released on or after October
1994. AMD added SMM to its enhanced Am486 and KS processors around that time as well. All other
Intel and AMD x86-based processors introduced since that time also have incorporated SMM.

SMM is invoked by signaling a special interrupt pin on the processor, which generates a System
Management Interrupt (SMI), the highest priority nonmaskable interrupt available. When SMM starts,
the context or state of the processor and currently running programs are saved. Then the processor
switches to a separate dedicated address space and executes the SMM code, which runs transparently
to the interrupted program as well as any other software on the system. Once the SMM task is com-
plete, a resume instruction restores the previously saved context or state of the processor and pro-
grams, and the processor resumes running exactly where it left off.

While initially used mainly for power management, SMM was designed to be used by any low-level
system functions that need to function independent of the OS and other software on the system. In
modern systems, this includes the following:

ACPI and APM power management functions

Universal serial bus (USB) legacy (keyboard and mouse) support

USB boot (drive emulation)

Password and security functions

Thermal monitoring

Fan speed monitoring

Reading/writing Complementary Metal Oxide Semiconductor (CMOS) RAM

BIOS updating

Logging memory error-correcting code (ECC) errors

Logging hardware errors besides memory

Wake and Alert functions such as Wake on LAN (WOL)
One example of SMM in operation occurs when the system tries to access a peripheral device that had
been previously powered down to save energy. For example, say that a program requests to read a file
on a hard drive, but the drive had previously spun down to save energy. Upon access, the host
adapter generates an SMI to invoke SMM. The SMM software then issues commands to spin up the

drive and make it ready. Consequently, SMM returns control to the OS, and the file load continues as
if the drive had been spinning all along.

Superscalar Execution

The fifth-generation Pentium and newer processors feature multiple internal instruction execution
pipelines, which enable them to execute multiple instructions at the same time. The 486 and all pre-
ceding chips can perform only a single instruction at a time. Intel calls the capability to execute more
than one instruction at a time superscalar technology.

Superscalar architecture was initially associated with high-output reduced instruction set computer
(RISC) chips. A RISC chip has a less complicated instruction set with fewer and simpler instructions.
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Although each instruction accomplishes less, the overall clock speed can be higher, which usually
increases performance. The Pentium is one of the first complex instruction set computer (CISC) chips
to be considered superscalar. A CISC chip uses a richer, fuller-featured instruction set, which has more
complicated instructions. As an example, say you wanted to instruct a robot to screw in a lightbulb.
Using CISC instructions, you would say the following:

1. Pick up the bulb.
2. Insert it into the socket.
3. Rotate clockwise until tight.
Using RISC instructions, you would say something more along the lines of the following:

1. Lower hand.

2. Grasp bulb.

3. Raise hand.

4. Insert bulb into socket.

5. Rotate clockwise one turn.

6. Is bulb tight? If not, repeat step 5.
7. End.

Overall, many more RISC instructions are required to do the job because each instruction is simpler
(reduced) and does less. The advantage is that there are fewer overall commands the robot (or proces-
sor) has to deal with, and it can execute the individual commands more quickly, and thus in many
cases execute the complete task (or program) more quickly as well. The debate goes on whether RISC
or CISC is really better, but in reality there is no such thing as a pure RISC or CISC chip—it is all just
a matter of definition, and the lines are somewhat arbitrary.

Intel and compatible processors have generally been regarded as CISC chips, although the fifth- and
later-generation versions have many RISC attributes and internally break down CISC instructions into
RISC versions.

MMX Technology

MMX technology was originally named for multimedia extensions, or matrix math extensions, depending
on whom you ask. Intel officially states that it is actually not an abbreviation and stands for nothing
other than the letters MMX (not being an abbreviation was apparently required so that the letters
could be trademarked); however, the internal origins are probably one of the preceding. MMX tech-
nology was introduced in the later fifth-generation Pentium processors as a kind of add-on that
improves video compression/decompression, image manipulation, encryption, and I/O processing—
all of which are used in a variety of today’s software.

MMX consists of two main processor architectural improvements. The first is basic: All MMX chips
have a larger internal L1 cache than their non-MMX counterparts. This improves the performance of
any and all software running on the chip, regardless of whether it actually uses the MMX-specific
instructions.

The other part of MMX is that it extends the processor instruction set with 57 new commands or
instructions, as well as a new instruction capability called single instruction, multiple data (SIMD).

Modern multimedia and communication applications often use repetitive loops that, while occupying
10% or less of the overall application code, can account for up to 90% of the execution time. SIMD
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enables one instruction to perform the same function on multiple pieces of data, similar to a teacher
telling an entire class to “sit down,” rather than addressing each student one at a time. SIMD enables
the chip to reduce processor-intensive loops common with video, audio, graphics, and animation.

Intel also added 57 new instructions specifically designed to manipulate and process video, audio, and
graphical data more efficiently. These instructions are oriented to the highly parallel and often repeti-
tive sequences frequently found in multimedia operations. Highly parallel refers to the fact that the
same processing is done on many data points, such as when modifying a graphic image. The main
drawbacks to MMX were that it worked only on integer values and used the floating-point unit for
processing, so time was lost when a shift to floating-point operations was necessary. These drawbacks
were corrected in the additions to MMX from Intel and AMD.

Intel licensed the MMX capabilities to competitors such as AMD and Cyrix, who were then able to
upgrade their own Intel-compatible processors with MMX technology.

SSE

In February 1999, Intel introduced the Pentium III processor and included in that processor an update
to MMX called Streaming SIMD Extensions (SSE). These were also called Katmai New Instructions (KNI)
up until their debut because they were originally included on the Katmai processor, which was the
code name for the Pentium III. The Celeron 533A and faster Celeron processors based on the Pentium
III core also support SSE instructions. The earlier Pentium II and Celeron 533 and lower (based on the
Pentium II core) do not support SSE.

The Streaming SIMD Extensions consist of 70 new instructions, including SIMD floating point, addi-
tional SIMD integer, and cacheability control instructions. Some of the technologies that benefit from
the Streaming SIMD Extensions include advanced imaging, 3D video, streaming audio and video
(DVD playback), and speech-recognition applications.

The SSEx instructions are particularly useful with MPEG2 decoding, which is the standard scheme
used on DVD video discs. Therefore, SSE-equipped processors should be more capable of performing
MPEG?2 decoding in software at full speed without requiring an additional hardware MPEG2 decoder
card. SSE-equipped processors are also much better and faster than previous processors when it comes
to speech recognition.

One of the main benefits of SSE over plain MMX is that it supports single-precision floating-point
SIMD operations, which have posed a bottleneck in the 3D graphics processing. Just as with plain
MMX, SIMD enables multiple operations to be performed per processor instruction. Specifically, SSE
supports up to four floating-point operations per cycle; that is, a single instruction can operate on
four pieces of data simultaneously. SSE floating-point instructions can be mixed with MMX instruc-
tions with no performance penalties. SSE also supports data prefetching, which is a mechanism for
reading data into the cache before it is actually called for.

SSE includes 70 new instructions for graphics and sound processing over what MMX provided. SSE is
similar to MMX;; in fact, besides being called KNI, SSE was called MMX-2 by some before it was
released. In addition to adding more MMX-style instructions, the SSE instructions allow for floating-
point calculations and now use a separate unit within the processor instead of sharing the standard
floating-point unit as MMX did.

SSE2 was introduced in November 2000, along with the Pentium 4 processor, and adds 144 additional
SIMD instructions. SSE2 also includes all the previous MMX and SSE instructions.

SSE3 was introduced in February 2004, along with the Pentium 4 Prescott processor, and adds 13 new
SIMD instructions to improve complex math, graphics, video encoding, and thread synchronization.
SSE3 also includes all the previous MMX, SSE, and SSE2 instructions.
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SSSE3 (Supplemental SSE3) was introduced in June 2006 in the Xeon 5100 series server processors,
and in July 2006 in the Core 2 processors. SSSE3 adds 32 new SIMD instructions to SSE3.

SSE4 (also called HD Boost by Intel) was introduced in January 2008 in versions of the Intel Core 2
processors (SSE4.1) and was later updated in November 2008 in the Core i7 processors (SSE4.2). SSE4
consists of 54 total instructions, with a subset of 47 instructions comprising SSE4.1, and the full 54
instructions in SSE4.2.

Advanced vector extensions (AVX) was introduced in January 2011 in the second-general Core i-series
“Sandy Bridge” processors, and is also supported by AMD’s new “Bulldozer” processor family. AVX is a
new 256-bit instruction set extension to SSE, comprising 12 new instructions. AVX helps floating-
point intensive applications such as image and A/V processing, scientific simulations, financial analyt-
ics, and 3D modeling and analysis to perform better. AVX is supported on Windows 7 SP1, Windows
Server 2008 R2 SP1, and Linux kernel version 2.6.30 and higher. For AVX support on virtual machines
running on Windows Server R2, see http://support.microsoft.com/kb/2517374 for a hotfix.

For more information about AVX, see http://software.intel.com/en-us/avx/. Although AMD has
adopted Intel SSE3 and earlier instructions in the past, instead of adopting SSE4, AMD has created a
different set of only four instructions it calls SSE4a. Although AMD had planned to develop its own
instruction set called SSES and release it as part of its new “Bulldozer” processor architecture, it
decided to shelve SSES and create new instruction sets that use coding compatible with AVX. The new
instruction sets include

XOP—integer vector instructions
FMA4—floating point instructions

CVT16—half-precision floating point conversion

3DNow!

3DNow! technology was originally introduced as AMD’s alternative to the SSE instructions in the Intel
processors. It included three generations: 3D Now!, Enhanced 3D Now!, and Professional 3D Now!
(which added full support for SSE). AMD announced in August 2010 that it was dropping support for
3D Nowl-specific instructions in upcoming processors.

For more information about 3D Now!, see “3D Now” in Chapter 3 of Upgrading and Repairing PCs, 19"
edition, which is supplied on the disc packaged with this book.

Dynamic Execution

First used in the P6 (or sixth-generation) processors, dynamic execution enables the processor to exe-
cute more instructions in parallel, so tasks are completed more quickly. This technology innovation is
composed of three main elements:

Multiple branch prediction—Predicts the flow of the program through several branches

Dataflow analysis—Schedules instructions to be executed when ready, independent of their
order in the original program

Speculative execution—Increases the rate of execution by looking ahead of the program
counter and executing instructions that are likely to be necessary

Branch Prediction
Branch prediction is a feature formerly found only in high-end mainframe processors. It enables the
processor to keep the instruction pipeline full while running at a high rate of speed. A special
fetch/decode unit in the processor uses a highly optimized branch-prediction algorithm to predict the
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direction and outcome of the instructions being executed through multiple levels of branches, calls,
and returns. It is similar to a chess player working out multiple strategies in advance of game play by
predicting the opponent’s strategy several moves into the future. By predicting the instruction out-
come in advance, the instructions can be executed with no waiting.

Dataflow Analysis

Dataflow analysis studies the flow of data through the processor to detect any opportunities for out-of-
order instruction execution. A special dispatch/execute unit in the processor monitors many instruc-
tions and can execute these instructions in an order that optimizes the use of the multiple superscalar
execution units. The resulting out-of-order execution of instructions can keep the execution units
busy even when cache misses and other data-dependent instructions might otherwise hold things up.

Speculative Execution

Speculative execution is the processor’s capability to execute instructions in advance of the actual pro-
gram counter. The processor’s dispatch/execute unit uses dataflow analysis to execute all available
instructions in the instruction pool and store the results in temporary registers. A retirement unit
then searches the instruction pool for completed instructions that are no longer data dependent on
other instructions to run or which have unresolved branch predictions. If any such completed
instructions are found, the retirement unit or the appropriate standard Intel architecture commits the
results to memory in the order they were originally issued. They are then retired from the pool.

Dynamic execution essentially removes the constraint and dependency on linear instruction sequenc-
ing. By promoting out-of-order instruction execution, it can keep the instruction units working rather
than waiting for data from memory. Even though instructions can be predicted and executed out of
order, the results are committed in the original order so they don’t distrupt or change program flow.
This enables the P6 to run existing Intel architecture software exactly as the P5 (Pentium) and previ-
ous processors did—just a whole lot more quickly!

Dual Independent Bus Architecture

The Dual Independent Bus (DIB) architecture was first implemented in the sixth-generation processors
from Intel and AMD. DIB was created to improve processor bus bandwidth and performance. Having
two (dual) independent data I/O buses enables the processor to access data from either of its buses
simultaneously and in parallel, rather than in a singular sequential manner (as in a single-bus sys-
tem). The main (often called front-side) processor bus is the interface between the processor and the
motherboard or chipset. The second (back-side) bus in a processor with DIB is used for the L2 cache,
enabling it to run at much greater speeds than if it were to share the main processor bus.

Two buses make up the DIB architecture: the L2 cache bus and the main CPU bus, often called FSB
(front-side bus). The P6 class processors, from the Pentium Pro to the Core 2, as well as Athlon 64
processors can use both buses simultaneously, eliminating a bottleneck there. The dual bus architec-
ture enables the L2 cache of the newer processors to run at full speed inside the processor core on an
independent bus, leaving the main CPU bus (FSB) to handle normal data flowing in and out of the
chip. The two buses run at different speeds. The front-side bus or main CPU bus is coupled to the
speed of the motherboard, whereas the back-side or L2 cache bus is coupled to the speed of the
processor core. As the frequency of processors increases, so does the speed of the L2 cache.

DIB also enables the system bus to perform multiple simultaneous transactions (instead of singular
sequential transactions), accelerating the flow of information within the system and boosting perfor-
mance. Overall, DIB architecture offers up to three times the bandwidth performance over a single-
bus architecture processor.
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HT Technology
Intel’s HT Technology allows a single processor or processor core to handle two independent sets of
instructions at the same time. In essence, HT Technology converts a single physical processor core
into two virtual processors.

HT Technology was introduced on Xeon workstation-class processors with a 533MHz system bus in
March 2002. It found its way into standard desktop PC processors starting with the Pentium 4
3.06GHz processor in November 2002. HT Technology predates multicore processors, sO processors
that have multiple physical cores, such as the Core 2 and Core i Series, may or may not support this
technology depending on the specific processor version. A quad-core processor that supports HT
Technology (like the Core i Series) would appear as an 8-core processor to the OS; Intel’s Core i7-990x
has six cores and supports up to 12 threads.

How HT Works
Internally, an HT-enabled processor has two sets of general-purpose registers, control registers, and
other architecture components for each core, but both logical processors share the same cache, execu-
tion units, and buses. During operations, each logical processor handles a single thread (see Figure 3.2).

Single
CPU

Thread 1

Dual-physical
CPUs

Thread 2

CPU idle

10 m

Hyper-
threaded
CPU

Figure 3.2 A processor with HT Technology enabled can fill otherwise-idle time with a second process for
each core, improving multitasking and performance of multithreading single applications.

Although the sharing of some processor components means that the overall speed of an HT-enabled
system isn’t as high as a processor with as many physical cores would be, speed increases of 25% or
more are possible when multiple applications or multithreaded applications are being run.

HT Requirements
To take advantage of HT Technology, you need the following:
A processor supporting HT Technology—This includes many (but not all) Core i Series,

Pentium 4, Xeon, and Atom processors. Check the specific model processor specifications to be
sure.
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A compatible chipset—Some older chipsets may not support HT Technology.

BIOS support to enable/disable HT Technology—Make sure you enable HT Technology
in the BIOS Setup.

An HT Technology-enabled OS—Windows XP and later support HT Technology. Linux dis-
tributions based on kernel 2.4.18 and higher also support HT Technology. To see if HT
Technology is functioning properly, you can check the Device Manager in Windows to see how
many processors are recognized. When HT is supported and enabled, the Windows Device
Manager shows twice as many processors as there are physical processor cores.

Multicore Technology

HT Technology simulates two processors in a single physical core. If multiple simulated processors are
good, having two or more real processors is a lot better. A multicore processor, as the name implies,
actually contains two or more processor cores in a single processor package. From outward appear-
ances, it still looks like a single processor (and is considered as such for Windows licensing purposes),
but inside there can be two, three, four, or even more processor cores. A multicore processor provides
virtually all the advantages of having multiple separate physical processors, all at a much lower cost.

Both AMD and Intel introduced the first dual-core x86-compatible desktop processors in May 2005.
AMD’s initial entry was the Athlon 64 X2, whereas Intel’s first dual-core processors were the Pentium
Extreme Edition 840 and the Pentium D. The Extreme Edition 840 was notable for also supporting HT
Technology, allowing it to appear as a quad-core processor to the OS. These processors combined 64-
bit instruction capability with dual internal cores—essentially two processors in a single package.
These chips were the start of the multicore revolution, which has continued by adding more cores
along with additional extensions to the instruction set. Intel introduced the first quad-core processors
in November 2006, called the Core 2 Extreme QX and Core 2 Quad. AMD subsequently introduced its
first quad-core desktop PC processor in November 2007, called the Phenom.

Note

There has been some confusion about VWindows and multicore or hyperthreaded processors. Windows XP and later

Home editions support only one physical CPU, whereas Windows Professional, Business, Enterprise, and Uliimate editions
support two physical CPUs. Even though the Home editions support only a single physical CPU, if that chip is a multicore
processor with HT Technology, all the physical and virtual cores are supported. For example, if you have a system with a
quad-core processor supporting HT Technology, Windows Home editions will see it as eight processors, and all of them
will be supported. If you had a motherboard with two of these CPUs installed, Windows Home editions would see the
eight physical/virtual cores in the first CPU, whereas Professional, Business, Enterprise, and Ultimate editions would see all
16 cores in both CPUs.

Multicore processors are designed for users who run multiple programs at the same time or who use
multithreaded applications, which pretty much describes all users these days. A multithreaded appli-
cation can run different parts of the program, known as threads, at the same time in the same address
space, sharing code and data. A multithreaded program runs faster on a multicore processor or a
processor with HT Technology enabled than on a single-core or non-HT processor.

Figure 3.3 illustrates how a dual-core processor handles multiple applications for faster performance.
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Figure 3.3 How a single-core processor (left) and a dual-core processor (right) handle multitasking.

It’s important to realize that multicore processors don’t improve single-task performance much. If you
play non-multithreaded games on your PC, it’s likely that you would see little advantage in a multi-
core or hyperthreaded CPU. Fortunately, more and more software (including games) is designed to be
multithreaded to take advantage of multicore processors. The program is broken into multiple
threads, all of which can be divided among the available CPU cores.

The following sections discuss the major features of these processors and the different approaches
Intel and AMD take to bring 64-bit multicore computing to the PC.

Processor Manufacturing

Processors are manufactured primarily from silicon, the second most common element on the planet.
(Only the element oxygen is more common.) Silicon is the primary ingredient in beach sand; how-
ever, in that form it isn’t pure enough to be used in chips.

The process by which silicon is formed into chips is a lengthy one that starts by growing pure silicon
crystals via what is called the Czochralski method (named after the inventor of the process). In this
method, electric arc furnaces transform the raw materials (primarily quartz rock that is mined) into
metallurgical-grade silicon. Then to further weed out impurities, the silicon is converted to a liquid,
distilled, and then redeposited in the form of semiconductor-grade rods, which are 99.999999% pure.
These rods are then mechanically broken into chunks and packed into quartz crucibles, which are
loaded into electric crystal pulling ovens. There the silicon chunks are melted at more than 2,500°
Fahrenheit. To prevent impurities, the ovens usually are mounted on thick concrete cubes—often on a
suspension to prevent vibration, which would damage the crystal as it forms.

After the silicon is melted, a small seed crystal is inserted into the molten silicon and slowly rotated
(see Figure 3.4). As the seed is pulled out of the molten silicon, some of the silicon sticks to the seed
and hardens in the same crystal structure as the seed. The pulling speed (10-40 millimeters per hour)
and temperature (approximately 2,500°F) are carefully controlled, which causes the crystal to grow
with a narrow neck that then widens into the full desired diameter. Depending on the chips being
made, each ingot is 200mm (approximately 8 inches) or 300mm (12 inches) in diameter and more
than 5 feet long, weighing hundreds of pounds.
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Figure 3.4 Growing a pure silicon ingot in a high-pressure, high-temperature oven.

The ingot is then ground into a perfect 200mm- (8-inch) or 300mm-diameter (12-inch) cylinder, with
a small flat or notch cut on one side for handling and positioning. Each ingot is then sliced with a
high-precision saw into more than a thousand circular wafers, each less than a millimeter thick. The
wafers are then polished to a mirror-smooth surface to make them ready for imprinting. A finished
wafer with imprinted chips is shown in Figure 3.5.

Figure 3.5 200mm (8-inch) wafer containing 177 full Pentium 4 Northwood (0.13-micron) processor cores.
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Chips are manufactured from the wafers using a process called photolithography. Through this photo-
graphic process, transistors and circuit and signal pathways are created in semiconductors by deposit-
ing different layers of various materials on the chip, one after the other. Where two specific circuits
intersect, a transistor or switch can form.

The photolithographic process starts when an insulating layer of silicon dioxide is grown on the wafer
through a vapor deposition process. Then a coating of photoresist material is applied, and an image of
that layer of the chip is projected through a mask onto the now light-sensitive surface.

Doping is the term that describes chemical impurities added to silicon (which is naturally a noncon-
ductor), creating a material with semiconductor properties. The projector uses a specially created
mask, which is essentially a negative of that layer of the chip etched in chrome on a quartz plate.
Modern processors have 20 or more layers of material deposited and partially etched away (each
requiring a mask) and up to six or more layers of metal interconnects.

As the light passes through a mask, the light is focused on the wafer surface, exposing the photoresist
with the image of that layer of the chip. Each individual chip image is called a die. A device called a
stepper then moves the wafer over a little bit, and the same mask imprints another chip die immedi-
ately next to the previous one. After the entire wafer is imprinted with a layer of material and pho-
toresist, a caustic solution washes away the areas where the light struck the photoresist, leaving the
mask imprints of the individual chip circuit elements and pathways. Then another layer of semicon-
ductor material is deposited on the wafer with more photoresist on top, and the next mask exposes
and then etches the next layer of circuitry. Using this method, the layers and components of each
chip are built one on top of the other until the chips are completed (refer to Figure 3.5).

Some of the masks add the metallization layers, which are the metal interconnects that tie all the indi-
vidual transistors and other components together. Most older chips use aluminum interconnects,
although in 2002 many moved to copper. The first commercial PC processor chip to use copper was
the 0.18-micron Athlon made in AMD’s Dresden fab, and Intel shifted the Pentium 4 to copper with
the 0.13-micron Northwood version. Copper is a better conductor than aluminum and allows smaller
interconnects with less resistance, meaning smaller and faster chips can be made. Copper hadn’t been
used previously because there were difficult corrosion problems to overcome during the manufactur-
ing process that were not as much of a problem with aluminum.

Table 3.8 CPU Process/Wafer Size Transitions from 1971 to 2001

Date 1971 1974 1976 1982 1989
Mfg. Process (microns) 10pm 6pm 3pm 1.5pm 1.0pm
Mfg. Process (nanometers) 10,000nm 6,000nm 3,000nm 1,500nm 1000nm
Wafer Size (millimeters) 50.8mm 76.2mm 100mm 100mm 150mm
Wafer Size (inches) 2in 3in 4 in 4 in 6 in

Intel first used 150mm (6 inch) wafers in 1983 and 200mm (8 inch) wafers in 1993.

Table 3.9 CPU Process/Wafer Size Transitions from 2002 to 2022

Date 2002 2004 2006 2008 2010
Mfg. Process (microns) 0.13pm 0.09pm 0.065pm 0.045pm 0.032pm
Mfg. Process (nanometers) 130nm 90nm 65nm 45nm 32nm
Wafer Size (millimeters) 300mm 300mm 300mm 300mm 300mm
Wafer Size (inches) 12 in 12 in 12 in 12 in 12 in

Intel first used 300mm (12-inch) wafers in 2002.
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Another technology used in chip manufacturing is called silicon on insulator (SOI). SOI uses a layered
silicon-insulator-silicon wafer substrate to reduce parasitic device capacitance, thus reducing current leak-
age and improving performance. In particular, AMD has used SOI for many of its processors since 2001.

A completed circular wafer has as many chips imprinted on it as can possibly fit. Because each chip
usually is square or rectangular, there are some unused portions at the edges of the wafer, but every
attempt is made to use every square millimeter of surface.

The industry is going through several transitions in chip manufacturing. The trend in the industry is
to use both larger wafers and a smaller manufacturing process. The process refers to the size and line
spacing of the individual circuits and transistors on the chip, whereas the wafer size refers to the diam-
eter of the circular wafers on which the chips are imprinted.

In 2002, chip manufacturing began moving from 200mm (8-inch) diameter wafers to larger 300mm
(12-inch) wafers. The larger 300mm wafers enable more than double the number of chips to be made
compared to the 200mm used previously. In addition, the transitions to smaller and smaller processes
enable more transistors to be incorporated into the chip die.

With more recent processors, smaller manufacturing processes have also been used to make more
space available in each processor die for features such as multiple processor cores, CPU-integrated
video, and large L3 caches. Thus, the Nehalem Core i7 six-core processor, although it uses a 45nm
process, has a much larger core size than the Pentium 4 Northwood (which was built on a 130nm
process): 263 square millimeters for the Nehalem (731 million transistors), versus just 131 square mil-
limeters for Northwood (55 million transistors). As a result, the Nehalem Core i7 processors have a
yield of 240 die candidates per wafer, about half of the yield of the Northwood.

The industry began moving to the 90-nanometer (0.09-micron) process in 2004, the 65-nanometer in
2006, the 45-nanometer process in 2008, and the 32-nanometer process in 2010.

These will still be made on 300mm wafers because the next wafer transition isn’t expected until 2014,
when a transition to 450mm wafers is expected.

Table 3.8 shows the CPU manufacturing process and silicon wafer size transitions for the first 30 years
from when the processor debuted (1971-2001). Table 3.9 shows the continuing evolution of these
transitions from 2002 through the present, and all the way to 2022, including several planned future
transitions.

1992 1994 1995 1997 1999 2001
0.8pm 0.6pm 0.35pm 0.25pm 0.18pm 0.13pm
800nm 600nm 350nm 250nm 180nm 130nm
200mm 200mm 200mm 200mm 200mm 200mm
6in 8 in 8 in 8 in 8 in 8 in
2012 2014 2016 2018 2020 2022
0.022pm 0.016pm 0.011pm 0.008pm 0.006pm 0.004pm
22nm 16nm 11nm 8nm 6nm 4nm
300mm 450mm 450mm 450mm 450mm 450mm
12 in 18 in 18 in 18 in 18 in 18 in
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Note that not all the chips on each wafer will be good, especially as a new production line starts. As
the manufacturing process for a given chip or production line is perfected, more and more of the
chips will be good. The ratio of good to bad chips on a wafer is called the yield. Yields well below 50%
are common when a new chip starts production; however, by the end of a given chip’s life, the yields
are normally in the 90% range. Most chip manufacturers guard their yield figures and are secretive
about them because knowledge of yield problems can give their competitors an edge. A low yield
causes problems both in the cost per chip and in delivery delays to their customers. If a company has
specific knowledge of competitors’ improving yields, it can set prices or schedule production to get
higher market share at a critical point.

After a wafer is complete, a special fixture tests each of the chips on the wafer and marks the bad ones
to be separated later. The chips are then cut from the wafer using either a high-powered laser or a dia-
mond saw.

After being cut from the wafers, the individual dies are retested, packaged, and retested again. The
packaging process is also referred to as bonding because the die is placed into a chip housing in which
a special machine bonds fine gold wires between the die and the pins on the chip. The package is the
container for the chip die, which essentially seals it from the environment.

After the chips are bonded and packaged, final testing is done to determine both proper function and
rated speed. Different chips in the same batch often run at different speeds. Special test fixtures run
each chip at different pressures, temperatures, and speeds, looking for the point at which the chip
stops working. At this point, the maximum successful speed is noted and the final chips are sorted
into bins with those that tested at a similar speed.

One interesting thing about this is that as a manufacturer gains more experience and perfects a partic-
ular chip assembly line, the yield of the higher-speed versions goes way up. So, of all the chips pro-
duced from a single wafer, perhaps more than 75% of them check out at the highest speed, and only
25% or less run at the lower speeds. The paradox is that Intel often sells a lot more of the lower-
priced, lower-speed chips, so it just dips into the bin of faster ones, labels them as slower chips, and
sells them that way. People began discovering that many of the lower-rated chips actually ran at
speeds much higher than they were rated, and the business of overclocking was born. Similarly, some
lower-cost multi-core processors from AMD have the same physical number of cores as higher-cost
ones, but some cores are disabled during manufacturing.

Processor Re-Marking

Processor remarking, the alterations of chip marking to make a slower chip masquerade as a faster
chip, was once a major problem when virtually all processors could be overclocked (run at faster clock
speeds than normal). However, with the advent of retail boxed processors, clock multiplier locks in
most models, and utility programs such as CPU-Z that can identify processor names and features,
processor remarking is now minimal compared to its heyday over a decade ago.

To make sure your system has the processor you paid for, download and run a copy of CPU-Z
(http://www.cpuid.com/softwares/cpu-z.html). CPU-Z is the de facto standard for CPU identification
and feature display.

PGA Chip Packaging
Variations on the pin grid array (PGA) chip packaging have been the most commonly used chip pack-
ages over the years. They were used starting with the 286 processor in the 1980s and are still used
today, although not in all CPU designs. PGA takes its name from the fact that the chip has a grid-like
array of pins on the bottom of the package. PGA chips are inserted into sockets, which are often of a
zero insertion force (ZIF) design. A ZIF socket has a lever to allow for easy installation and removal of
the chip.


http://www.cpuid.com/softwares/cpu-z.html
http://www.cpuid.com/softwares/cpu-z.html
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Most original Pentium processors use a variation on the regular PGA called staggered pin grid array
(SPGA), in which the pins are staggered on the underside of the chip rather than in standard rows
and columns. This was done to move the pins closer together and decrease the overall size of the chip
when a large number of pins is required. Figure 3.6 shows a Pentium Pro that uses the dual-pattern
SPGA (on the right) next to a Pentium 66 that uses the regular PGA. Note that the right half of the
Pentium Pro shown here has additional pins staggered among the other rows and columns.
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Figure 3.6 PGA on Pentium 66 (left) and dual-pattern SPGA on Pentium Pro (right).

Early PGA variations mounted the processor die in a cavity under the substrate, whereas so-called
“Flip Chip” versions mount the processor die upside down so that less expensive solder bonding
rather than expensive wire bonding can be used to connect the processor die to the chip package.

Unfortunately, there were some problems with attaching the heatsink to an FC-PGA chip. The
heatsink sat on the top of the die, which acted as a pedestal. If you pressed down on one side of the
heatsink excessively during the installation process (such as when you were attaching the clip), you
risked cracking the silicon die and destroying the chip. This was especially a problem as heatsinks
became larger and heavier and the force applied by the clip became greater. Intel and AMD now use a
metal cap called a heat spreader over the top of the CPU to prevent damage when the heatsink is
installed. This type of packaging is known as FC-PGA2 and was used by Intel for all Pentium 4 and
subsequent chips. AMD began to use it with its Athlon 64 processors and subsequent chips.

Future packaging directions may include what is called bumpless build-up layer (BBUL) packaging. This
embeds the die completely in the package; in fact, the package layers are built up around and on top
of the die, fully encapsulating it within the package. This embeds the chip die and allows for a full
flat surface for attaching the heatsink, as well as shorter internal interconnections within the package.
BBUL is designed to handle extremely high clock speeds of 20GHz or faster, but is not yet necessary.

Single Edge Contact and Single Edge Processor Packaging

Intel and AMD used cartridge- or board-based packaging for some of their processors from 1997
through 2000. This packaging was called single edge contact cartridge (SECC) or single edge processor pack-
age (SEPP) and consisted of the CPU and optional separate L2 cache chips mounted on a circuit board
that looked similar to an oversized memory module and that plugged into a slot. In some cases, the
boards were covered with a plastic cartridge.

To learn more about SECC and SEPP packaging, see “Single Edge Contact and Single Edge Processor
Packaging” in Chapter 3 of Upgrading and Repairing PCs, 19" edition, included in its entirety on the
disc packaged with this book.
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Processor Socket and Slot Types

Intel and AMD have created a set of socket and slot designs for their processors. Each socket or slot is
designed to support a different range of original and upgrade processors. Table 3.10 shows the desig-
nations for the various standard processor sockets/slots and lists the chips designed to plug into them.

Table 3.10 CPU Socket Specifications

Chip Class Socket Pins Layout Voltage

486 Socket 1 169 17¥17 PGA 5v
Socket 2 238 19¥19 PGA 5V
Socket 3 237 19¥19 PGA 5V/3.3V
Socket 61 235 19¥19 PGA 3.3V

586 Socket 4 273 21¥21 PGA 5v
Socket 5 320 37%37 SPGA 3.3V/3.5V
Socket 7 321 37¥37 SPGA VRM

686 Socket 8 387 Dual-pattern SPGA Auto VRM
Slot 1 (SC242) 242 Slot Auto VRM
Socket 370 370 37%37 SPGA Auto VRM

Intel P4/Core Socket 423 423 39¥39 SPGA Auto VRM
Socket 478 478 26¥26 mPGA Auto VRM
Socket T (LGA775) 775 30¥%33 LGA Auto VRM
LGA1156 (Socket H) 1156 40¥40 LGA Auto VRM
LGA1366 (Socket B) 1366 41¥43 LGA Auto VRM
LGA1155 (Socket H2) 1155 40%40 LGA Auto VRM

AMD K7 class Slot A 242 Slot Auto VRM
Socket A (462) 462 37¥37 SPGA Auto VRM

AMD K8 class Socket 754 754 29¥29 mPGA Auto VRM
Socket 939 939 31¥31 mPGA Auto VRM
Socket 940 940 31¥31 mPGA Auto VRM
Socket AM2 940 31¥31 mPGA Auto VRM
Socket AM2+ 940 31¥31 mPGA Auto VRM
Socket AM3 9412 31¥31 mPGA Auto VRM
Socket AM3+ 9412 31¥31 mPGA Auto VRM
Socket F (1207 FX) 1207 35¥35 LGA Auto VRM

Server/Workstation Slot 2 (SC330) 330 Slot Auto VRM
Socket 603 603 31¥25 mPGA Auto VRM
Socket 604 604 31¥25 mPGA Auto VRM
Socket PAC418 418 38¥22 split SPGA Auto VRM
Socket PAC611 611 25¥%28 mPGA Auto VRM
LGA771 (Socket J) 771 30¥%33 LGA Auto VRM
Socket M (PGA478MT) 478 26¥26 PGA Auto VRM
LGA1567 1567 38¥43 LGA Auto VRM
Socket 940 940 31¥31 mPGA Auto VRM
Socket F (1207 FX) 1207 35¥35 LGA Auto VRM

1. Socket 6 was never actually implemented in systems. ~ FC-PGA2 = FC-PGA with an integrated heat spreader (IHS)
2. Socket has 941 pins, but CPUs for Socket AM3 have  LGA = Land grid array
938 pins. OverDrive = Retail upgrade processors
FC-PGA = Flip-chip pin grid array PAC = Pin array cartridge
PGA = Pin grid array
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Sockets 1, 2, 3, and 6 are 486 processor sockets and are shown together in Figure 3.7 so you can see
the overall size comparisons and pin arrangements between these sockets. Sockets 4, 5, 7, and 8 are
Pentium and Pentium Pro processor sockets and are shown together in Figure 3.8 so you can see the
overall size comparisons and pin arrangements between these sockets.

Supported Processors Introduced
486 SX/SX2, DX/DX2, DX4 OD Apr. 1989
486 SX/SX2, DX/DX2, DX4 OD, 486 Pentium OD Mar. 1992
486 SX/SX2, DX/DX2, DX4, 486 Pentium OD, AMD 5x86 Feb. 1994
486 DX4, 486 Pentium OD Feb. 1994
Pentium 60/66, OD Mar. 1993
Pentium 75-133, OD Mar. 1994
Intel Pentium 75-233+, MMX, OD, AMD K5/Ké, Cyrix M1/II Jan. 1997
Intel Pentium Pro, OD Nov. 1995
Intel Pentium II/Ill SECC, Celeron SEPP May 1997
Intel Celeron/Pentium Ill PPGA/FC-PGA, VIA/Cyrix n/c3 Nov. 1998
Intel Pentium 4 FC-PGA Nov. 2000
Intel Pentium 4/Celeron FC-PGA2, Celeron D Oct. 2001
Intel Pentium 4/Extreme Edition, Pentium D, Celeron D, Pentium dual-core, Core2 June 2004
Intel Pentium, Core i3/i5/i7, Xeon Sept. 2009
Intel Core i7, Xeon Nov. 2008
Intel Core i7, i5, i3 Jan. 2011
AMD Athlon SECC June 1999
AMD Athlon/Athlon XP/Duron PGA/FC-PGA June 2000
AMD Athlon 64 Sep. 2003
AMD Athlon 64 v.2 June 2004
AMD Athlon 64 FX, Opteron Apr.2003
AMD Athlon 64/64FX/64 X2, Sempron, Opteron, Phenom May 2006
AMD Athlon 64/64 X2, Opteron, Phenom X2/X3/X4. Il X4 Nov. 2007
AMD Athlon II, Phenom Il, Sempron Feb. 2009
AMD “Bulldozer” processors Mid-2011 (expected)
AMD Athlon 64 FX, Opteron Aug. 2006
Intel Pentium I1/1ll Xeon Apr. 1998
Intel Xeon (P4) May 2001
Infel Xeon (P4) Oct. 2003
Intel ltanium May 2001
ltanium 2 July 2002
Infel Xeon Jun. 2006
Intel Xeon Jan. 2006
Intel Xeon April 2011
AMD Athlon 64 FX, Opteron Apr. 2003
AMD Athlon 64 FX, Opteron Aug. 2006

PPGA = Plastic pin grid array

SECC = Single edge contact cartridge
SEPP = Single edge processor package
SPGA = Staggered pin grid array
mPGA = Micro pin grid array

VRM = Voltage regulator module with variable voltage out-
put determined by module type or manual jumpers

Auto VRM = Voltage regulator module with automatic volt-
age selection determined by processor voltage ID (VID)
pins
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Socket 1 Socket 2 Socket 3 Socket 6

Figure 3.7 486 processor sockets.

Socket 4 Socket 5 Socket 7 Socket 8

Figure 3.8 Pentium and Pentium Pro processor sockets.

When the Socket 1 specification was created, manufacturers realized that if users were going to
upgrade processors, they had to make the process easier. The socket manufacturers found that 100 lbs.
of insertion force is required to install a chip in a standard 169-pin Socket 1 motherboard. With this
much force involved, you easily could damage either the chip or the socket during removal or rein-
stallation. Because of this, some motherboard manufacturers began using low insertion force (LIF)
sockets, which required a smaller 60 lbs. of insertion force for a 169-pin chip. Pressing down on the
motherboard with 60-100 Ibs. of force can crack the board if it is not supported properly. A special
tool is also required to remove a chip from one of these sockets. As you can imagine, even the LIF was
relative, and a better solution was needed if the average person was ever going to replace his CPU.

Manufacturers began using ZIF sockets in Socket 1 designs, and all processor sockets from Socket 2
and higher have been of the ZIF design. ZIF is required for all the higher-density sockets because the
insertion force would simply be too great otherwise. ZIF sockets almost eliminate the risk involved in
installing or removing a processor because no insertion force is necessary to install the chip and no
tool is needed to extract one. Most ZIF sockets are handle-actuated: You lift the handle, drop the chip
into the socket, and then close the handle. This design makes installing or removing a processor easy.

The following sections take a closer look at those socket designs you are likely to encounter in active PCs.

For more information about Socket 370 (PGA-370), Socket 423, Socket A, and Socket 754, see Chapter
3, “Processor Types and Specifications,” of Upgrading and Repairing PCs, 19th edition, found in its
entirety on the DVD packaged with this book.

Socket 478

Socket 478 is a ZIF-type socket for the Pentium 4 and Celeron 4 (Celerons based on the Pentium 4
core) introduced in October 2001. It was specially designed to support additional pins for future
Pentium 4 processors and speeds over 2GHz. The heatsink mounting is different from the previous
Socket 423, allowing larger heatsinks to be attached to the CPU. Figure 3.9 shows Socket 478.
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Figure 3.9 Socket 478 (Pentium 4) showing pin 1 location.

Socket 478 supports a 400MHz, 533MHz, or 800MHz processor bus that connects the processor to the
MCH, which is the main part of the motherboard chipset.

Socket 478 uses a heatsink attachment method that clips the heatsink directly to the motherboard,
and not the CPU socket or chassis (as with Socket 423). Therefore, any standard chassis can be used,
and the special standoffs used by Socket 423 boards are not required. This heatsink attachment allows
for a much greater clamping load between the heatsink and processor, which aids cooling.

Socket 478 processors use five VID pins to signal the VRM built into the motherboard to deliver the
correct voltage for the particular CPU you install. This makes the voltage selection completely auto-
matic and foolproof. A small triangular mark indicates the pin-1 corner for proper orientation of the
chip.

Socket LGA775

Socket LGA775 (also called Socket T) is used by the Core 2 Duo/Quad processors, the latest versions of
the Intel Pentium 4 Prescott processor and the Pentium D and Pentium Extreme Edition processors.
Some versions of the Celeron and Celeron D also use Socket LGA775. Socket LGA775, unlike earlier
Intel processor sockets, uses a land grid array format, so the pins are on the socket, rather than the
processor.

LGA uses gold pads (called lands) on the bottom of the processor to replace the pins used in PGA
packages. It allows for much greater clamping forces via a load plate with a locking lever, with greater
stability and improved thermal transfer (better cooling). The first LGA processors were the Pentium II
and Celeron processors in 1997; in those processors, an LGA chip was soldered on the Slot-1 cartridge.
LGA is a recycled version of what was previously called leadless chip carrier (LCC) packaging. This was
used way back on the 286 processor in 1984, and it had gold lands around the edge only. (There were
far fewer pins back then.) In other ways, LGA is simply a modified version of ball grid array (BGA),
with gold lands replacing the solder balls, making it more suitable for socketed (rather than soldered)
applications. Socket LGA77S5 is shown in Figure 3.10.
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Figure 3.10 Socket LGA775 (Socket T). The release lever on the left raises the load plate out of the way to
permit the processor to be placed over the contacts.

Socket LGA1156

Socket LGA1156 (also known as Socket H) was introduced in September 2009 and was designed to sup-
port Intel Core i Series processors featuring an integrated chipset north bridge, including a dual-channel
DDR3 memory controller and optional integrated graphics. Socket LGA1156 uses a land grid array for-
mat, so the pins are on the socket, rather than the processor. Socket LGA1156 is shown in Figure 3.11.

Figure 3.11

CIT

LGA1156

Socket LGA1156 (Socket H).

Because the processor includes the chipset north bridge, Socket LGA1156 is designed to interface
between a processor and a Platform Controller Hub (PCH), which is the new name used for the south
bridge component in supporting 5x series chipsets. The LGA1156 interface includes the following:
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PCI Express x16 v2.0—For connection to either a single PCle x16 slot, or two PCle x8 slots
supporting video cards.

DMI (Direct Media Interface)—For data transfer between the processor and the PCH. DMI in
this case is essentially a modified PCI Express x4 v2.0 connection, with a bandwidth of 2GBps.

DDR3 dual-channel—For direct connection between the memory controller integrated into
the processor and DDR3 SDRAM modules in a dual-channel configuration.

FDI (Flexible Display Interface)—For the transfer of digital display data between the
(optional) processor integrated graphics and the PCH.

When processors with integrated graphics are used, the Flexible Display Interface carries digital dis-
play data from the GPU in the processor to the display interface circuitry in the PCH. Depending on
the motherboard, the display interface can support DisplayPort, High Definition Multimedia Interface
(HDMI), Digital Visual Interface (DVI), or Video Graphics Array (VGA) connectors.

Socket LGA1366

Socket LGA1366 (also known as Socket B) was introduced in November 2008 to support high-end
Intel Core i Series processors, including an integrated triple-channel DDR3 memory controller, but
which also requires an external chipset north bridge, in this case called an I/O Hub (IOH). Socket
LGA1366 uses a land grid array format, so the pins are on the socket, rather than the processor.
Socket LGA1366 is shown in Figure 3.12.

© @™

1 LGA1366 -

Figure 3.12 Socket LGA1366 (Socket B).

Socket LGA1366 is designed to interface between a processor and an IOH, which is the new name
used for the north bridge component in supporting 5x series chipsets. The LGA1366 interface
includes the following:

QPI (Quick Path Interconnect)—For data transfer between the processor and the IOH. QPI
transfers 2 bytes per cycle at either 4.8 or 6.4GHz, resulting in a bandwidth of 9.6 or 12.8GBps.

DDR3 triple-channel—For direct connection between the memory controller integrated into
the processor and DDR3 SDRAM modules in a triple-channel configuration.

LGA1366 is designed for high-end PC, workstation, or server use. It supports configurations with
multiple processors.




















http://ark.intel.com/#codenames
http://ark.intel.com/#codenames




































http://ark.intel.com/Default.aspx
www.cpuid.com
http://ark.intel.com/Default.aspx
www.cpuid.com






http://ark.intel.com/Default.aspx
http://ark.intel.com/Default.aspx

























































http://products.amd.com/en-us/DesktopCPUResult.aspx
http://products.amd.com/en-us/DesktopCPUResult.aspx
www.cpuid.com
http://products.amd.com/en-us/DesktopCPUResult.aspx
http://products.amd.com/en-us/DesktopCPUResult.aspx
www.cpuid.com












http://sites.amd.com/us/fusion/apu/Pages/fusion.aspx
http://sites.amd.com/us/fusion/apu/Pages/fusion.aspx
http://sites.amd.com/us/fusion/apu/Pages/fusion.aspx
http://sites.amd.com/us/fusion/apu/Pages/fusion.aspx



http://biosagentplus.com
http://biosagentplus.com















www.idt.com
www.cypress.com
www.idt.com
www.cypress.com



www.intel.com/support/processors/sb/CS-015477.htm
http://support.amd.com
http://support.amd.com
www.cpuid.com
http://www.tomshardware.com/reviews/unlock-phenom-ii,2273-5.html
www.intel.com/support/processors/sb/CS-015477.htm
http://support.amd.com
http://support.amd.com
www.cpuid.com
http://www.tomshardware.com/reviews/unlock-phenom-ii,2273-5.html

































www.formfactors.org
www.formfactors.org













































www.formfactors.org
www.formfactors.org















www.formfactors.org
www.formfactors.org






www.formfactors.org
www.formfactors.org









http://www.via.com.tw/en/products/embedded/
www.mini-itx.com
http://www.via.com.tw/en/products/embedded/
www.mini-itx.com
























http://developer.intel.com/support/chipsets/inf/sb/CS-009266.htm
http://developer.intel.com/support/chipsets/inf/sb/CS-009266.htm
http://cpuid.com
http://developer.intel.com/support/chipsets/inf/sb/CS-009266.htm
http://developer.intel.com/support/chipsets/inf/sb/CS-009266.htm
http://cpuid.com















www.hypertransport.org
www.hypertransport.org
www.hypertransport.org
www.hypertransport.org














































































www.via.com.tw
http://www.nvidia.com/page/mobo.html
www.via.com.tw
http://www.nvidia.com/page/mobo.html



























http://www.nvidia.com/page/nforce5_amd.html
http://www.nvidia.com/page/nforce5_amd.html
http://www.nvidia.com/page/nforce_600a.html
http://www.nvidia.com/page/nforce_600a.html
http://www.nvidia.com/page/nforce5_amd.html
http://www.nvidia.com/page/nforce5_amd.html
http://www.nvidia.com/page/nforce_600a.html
http://www.nvidia.com/page/nforce_600a.html



http://www.nvidia.com/docs/IO/35382/LC_motherboard_AMD_Nov08_web.pdf
http://www.nvidia.com/object/product_nforce_980a_sli_us.html
www.formfactors.org
http://www.nvidia.com/docs/IO/35382/LC_motherboard_AMD_Nov08_web.pdf
http://www.nvidia.com/object/product_nforce_980a_sli_us.html
www.formfactors.org





































































www.pcisig.org
www.pcisig.org







































www.newegg.com
www.motherboards.org/mobot
www.newegg.com
www.motherboards.org/mobot



























www.arlabs.com
www.arlabs.com



www.casperselectronics.com
www.casperselectronics.com



www.digikey.com
www.digikey.com



http://calid.gm.com
www.fastchip.com
www.hypertech.com
www.superchips.com
www.diy-efi.org
http://calid.gm.com
www.fastchip.com
www.hypertech.com
www.superchips.com
www.diy-efi.org



www.ami.com/support/mbid.cfm
www.ami.com/support/mbid.cfm
www.ami.com/support/mbid.cfm
www.ami.com/support/mbid.cfm



www.phoenix.com
www.phoenix.com
www.phoenix.com
www.phoenix.com






http://intel.com/go/itk
www.gigabyte.com/MicroSite/121/tech_facewizard.htm
www.gtopala.com
http://intel.com/go/itk
www.gigabyte.com/MicroSite/121/tech_facewizard.htm
www.gtopala.com






www.cgsecurity.org
www.mindprod.com
www.cgsecurity.org
www.mindprod.com









www.imgburn.com
www.nu2.nu/bootcd/#clean
www.imgburn.com
www.nu2.nu/bootcd/#clean



www.imgburn.com
http://tinyurl.com/yfz8rdl
http://tinyurl.com/yfz8rdl
www.bootdisk.com
www.7-Zip.org
www.imgburn.com
http://tinyurl.com/yfz8rdl
http://tinyurl.com/yfz8rdl
www.bootdisk.com
www.7-Zip.org



www.arlabs.com
www.arlabs.com



www.imgburn.com
www.imgburn.com


















www.intel.com/technology/efi
www.uefi.org
www.intel.com/technology/efi
www.uefi.org






www.paragon-software.com
www.asus.com
www.paragon-software.com
www.asus.com







































www.driverpacks.net
www.driverpacks.net




































http://microsoft.com/whdc/system/pnppwr/pnp/pnpid.mspx
http://microsoft.com/whdc/system/pnppwr/pnp/pnpid.mspx
http://microsoft.com/whdc/system/pnppwr/pnp/pnpid.mspx
http://microsoft.com/whdc/system/pnppwr/pnp/pnpid.mspx










































www.jedec.org
www.jedec.org































































http://download.micron.com/pdf/datasheets/dram/ddr/512MBDDRx4x8x16.pdf
http://download.micron.com/pdf/datasheets/dram/ddr/512MBDDRx4x8x16.pdf
http://download.micron.com/pdf/datasheets/dram/ddr/512MBDDRx4x8x16.pdf
http://download.micron.com/pdf/datasheets/dram/ddr/512MBDDRx4x8x16.pdf



www.hwinfo.com
www.sisoftware.net
www.hwinfo.com
www.sisoftware.net






























www.crucial.com
www.crucial.com
www.crucial.com
www.crucial.com















http://oca.microsoft.com/en/windiag.asp
www.memtest86.com
http://oca.microsoft.com/en/windiag.asp
www.memtest86.com



www.tanisys.com
www.simmtester.com
www.memorytest.com
www.tanisys.com
www.simmtester.com
www.memorytest.com

































www.t13.org
www.serialata.org
www.t13.org
www.serialata.org



www.ansi.org
http://global.ihs.com
www.ansi.org
http://global.ihs.com

































www.t13.org/Documents/UploadedDocuments/technical/e00151r0.pdf
www.t13.org/Documents/UploadedDocuments/technical/e00151r0.pdf


















www.serialata.org
www.serialata.org












www.intel.com/technology/serialata/ahci.htm
www.intel.com/technology/serialata/ahci.htm



www.driverpacks.net
www.driverpacks.net






www.ultimatebootcd.com/
www.ultimatebootcd.com/
www.ultimatebootcd.com/
www.ultimatebootcd.com/



www.nortek.on.ca
www.nortek.on.ca









http://physics.nist.gov/cuu/Units/prefixes.html
http://physics.nist.gov/cuu/Units/prefixes.html



http://gtopala.com/
www.siig.com
www.siig.com
http://gtopala.com/
www.siig.com
www.siig.com







































http://downloadcenter.intel.com
www.promise.com
http://downloadcenter.intel.com
www.promise.com












www.Paragon-Software.com
www.Paragon-Software.com


























































































www.hitachigst.com
www.hitachigst.com















http://www.redhill.net.au/d/i.php
http://www.redhill.net.au/d/i.php















www.idema.org
www.idema.org









http://support.microsoft.com
http://support.microsoft.com



www.partedmagic.com
www.partedmagic.com












www.partedmagic.com
www.recuva.com
http://support.microsoft.com
www.partedmagic.com
www.recuva.com
http://support.microsoft.com






















































http://downloadcenter.intel.com
www.PartedMagic.com
www.promise.com
http://downloadcenter.intel.com
www.PartedMagic.com
www.promise.com



www.paragon-software.com
www.paragon-software.com

































www.compactflash.org
www.compactflash.org



www.mmca.org
www.jedec.org
www.sdcard.org
www.mmca.org
www.jedec.org
www.sdcard.org










































www.dalco.com
www.dalco.com









http://physics.nist.gov/cuu/Units/binary.html
http://physics.nist.gov/cuu/Units/binary.html










































www.winamp.com
www.nero.com
www.roxio.com
www.imgburn.com
www.winamp.com
www.nero.com
www.roxio.com
www.imgburn.com







































www.dvdforum.org
www.dvdforum.org



www.dvdservices.org
www.dvdservices.org













































www.dvdservices.org
www.dvdservices.org















www.blu-raydisc.com
www.blu-raydisc.com



www.ip.philips.com
www.ip.philips.com












http://sourceforge.net
http://sourceforge.net



www.kodak.com/global/en/service/professional/products/ekn017045.jhtml
www.kodak.com/global/en/service/professional/products/ekn017045.jhtml









www.sa-cd.net
www.sa-cd.net









http://tinyurl.com/6xog7
www.microsoft.com/windows/windowsmedia/player/plugins.aspx
www.microsoft.com/windows/windowsmedia/player/plugins.aspx
http://codecguide.com
http://shark007.net
http://tinyurl.com/6xog7
www.microsoft.com/windows/windowsmedia/player/plugins.aspx
www.microsoft.com/windows/windowsmedia/player/plugins.aspx
http://codecguide.com
http://shark007.net












http://www.videohelp.com/tools/UDF_Reader
http://www.roxio.com/enu/support/udf/software_updates.html
www.nero.com
http://www.videohelp.com/tools/UDF_Reader
http://www.roxio.com/enu/support/udf/software_updates.html
www.nero.com



www.osta.org/specs/index.htm
www.cdroller.com
www.isobuster.com
www.osta.org/specs/index.htm
www.cdroller.com
www.isobuster.com


















http://www.cinavia.com/languages/english/index.html
http://www.cinavia.com/languages/english/index.html






























www.bootdisk.com
www.bootdisk.com
www.bootdisk.com
www.bootdisk.com



www.lightscribe.com
http://labelflash.jp
www.lightscribe.com
http://labelflash.jp






www.microsoft.com
www.microsoft.com/whdc/hcl/default.mspx
www.microsoft.com
www.microsoft.com/whdc/hcl/default.mspx




































www.khronos.org
www.khronos.org

































www.vesa.org
www.vesa.org



www.siliconimage.com
www.siliconimage.com


















www.hdmi.org
www.hdmi.org












www.displayport.org
www.displayport.org















www.opengl.org
www.opengl.org



http://support.microsoft.com
www.windowsupdate.com
www.microsoft.com/directx
http://support.microsoft.com
www.windowsupdate.com
www.microsoft.com/directx



www.nvidia.com
http://slizone.com
www.nvidia.com
http://slizone.com



http://sites.amd.com/us/game/technology/Pages/crossfirex.aspx
www.havok.com
http://sites.amd.com/us/game/technology/Pages/crossfirex.aspx
www.havok.com



















































www.dlp.com
www.dlp.com









www.displaymate.com
www.displaymate.com















http://udpix.free.fr
www.jscreenfix.com
http://udpix.free.fr
www.jscreenfix.com


















http://audacity.sourceforge.net
http://audacity.sourceforge.net



http://msdn.microsoft.com/en-us/library/dd370784(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/dd370784(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/dd370793(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/dd756612(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/dd756612(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/dd370784(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/dd370784(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/dd370793(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/dd756612(v=vs.85).aspx
http://msdn.microsoft.com/en-us/library/dd756612(v=vs.85).aspx



http://connect.creativelabs.com/openal/default.aspx
http://connect.creativelabs.com/openal/default.aspx
www.creative.com/soundblaster/alchemy/
http://connect.creativelabs.com/alchemy/Lists/Games/AllItems.aspx
http://connect.creativelabs.com/alchemy/Lists/Games/AllItems.aspx
www.realtek.com.tw
http://connect.creativelabs.com/openal/default.aspx
http://connect.creativelabs.com/openal/default.aspx
www.creative.com/soundblaster/alchemy/
http://connect.creativelabs.com/alchemy/Lists/Games/AllItems.aspx
http://connect.creativelabs.com/alchemy/Lists/Games/AllItems.aspx
www.realtek.com.tw



www.dosbox.com
www.dosbox.com












http://usa.asus.com
www.auzentech.com
http://us.creative.com
www.htomega.com
http://usa.asus.com
www.auzentech.com
http://us.creative.com
www.htomega.com






http://www.codeproject.com/KB/audio-video/MIDIOutSetter.aspx.Data
http://www.codeproject.com/KB/audio-video/MIDIOutSetter.aspx.Data
http://www.codeproject.com/KB/audio-video/MIDIOutSetter.aspx.Data
http://www.codeproject.com/KB/audio-video/MIDIOutSetter.aspx.Data



www.alsa-project.org/
www.alsa-project.org/



www.asio4all.com
www.sonycreativesoftware.com
http://audacity.sourceforge.net/
www.recordingreview.com
http://www.recordingreview.com/soundcard/soundcard_wizard.php
http://www.recordingreview.com/soundcard/soundcard_wizard.php
www.asio4all.com
www.sonycreativesoftware.com
http://audacity.sourceforge.net/
www.recordingreview.com
http://www.recordingreview.com/soundcard/soundcard_wizard.php
http://www.recordingreview.com/soundcard/soundcard_wizard.php



http://msdn.microsoft.com/en-us/windows/hardware/gg454527.aspx
http://msdn.microsoft.com/en-us/windows/hardware/gg454527.aspx









http://connect.creativelabs.com/alchemy/default.aspx
http://connect.creativelabs.com/alchemy/default.aspx




















































































http://go.microsoft.com/fwlink/?LinkId=4544
http://go.microsoft.com/fwlink/?LinkId=4544




























































www.adesso.com
www.ergonomicsmadeeasy.com
www.kinesis-ergo.com
www.siig.com
www.adesso.com
www.ergonomicsmadeeasy.com
www.kinesis-ergo.com
www.siig.com



www.stabilant.com
www.stabilant.com



www.cherrycorp.com
www.cherrycorp.com



www.keytronic.com
www.keytronic.com



www.pckeyboard.com
www.pckeyboard.com





















http://support.microsoft.com
http://support.microsoft.com



www.ergonomicsmadeeasy.com
www.clickykeyboards.com
www.ergonomicsmadeeasy.com
www.clickykeyboards.com






www.pckeyboard.com
www.clickykeyboards.com
www.pckeyboard.com
www.clickykeyboards.com



www.cvtinc.com
www.cvtinc.com






























www.compu-lock.com
www.compu-lock.com
























www.cablelabs.com
www.cablelabs.com



www.cablemodem.com
www.cablemodem.com









www.dslreports.com
www.dslreports.com









www.wispa.org
www.wispdirectory.com/
www.wispa.org
www.wispdirectory.com/






http://legal.hughesnet.com/FairAccessPolicy.cfm
http://legal.hughesnet.com/FairAccessPolicy.cfm



http://www.wildblue.com/fap/index.jsp
http://www.starband.com/aup.html
http://www.wildblue.com/fap/index.jsp
http://www.starband.com/aup.html
























www.modemsite.com/56k/v92.asp
www.modemsite.com/56k/v92.asp






www.att.com
www.earthlink.com
www.speakeasy.net
www.att.com
www.earthlink.com
www.speakeasy.net

































www.wi-fi.org
www.wi-fi.org















www.bluetooth.com
www.bluetooth.com






www.siemon.com/us/standards/13-24_modular_wiring_reference.asp
www.siemon.com/us/standards/13-24_modular_wiring_reference.asp
www.siemon.com/us/standards/13-24_modular_wiring_reference.asp
www.siemon.com/us/standards/13-24_modular_wiring_reference.asp












www.monoprice.com
www.monoprice.com













































http://technet.microsoft.com/en-us/library/bb726942.aspx
http://support.microsoft.com
http://technet.microsoft.com/en-us/library/bb726942.aspx
http://support.microsoft.com












www.homepna.org
www.uverseusers.com
https://uverse1.att.com/launchAMSS.do
www.homepna.org
www.uverseusers.com
https://uverse1.att.com/launchAMSS.do



www.homeplug.org
www.homeplug.org












http://support.microsoft.com
http://support.microsoft.com










































www.ssiforum.org
www.ssiforum.org



www.pcpower.com
www.pcpower.com












www.formfactors.org
www.formfactors.org













































http://ssiforum.org/
http://ssiforum.org/



www.semtech.com
www.linear.com
www.semtech.com
www.linear.com









www.formfactors.org
www.formfactors.org















www.pcpower.com
www.pcpower.com
























www.corsair.com
www.corsair.com















www.slizone.com/object/slizone_build_psu
http://support.amd.com/us/certified/power-supplies
www.slizone.com/object/slizone_build_psu
http://support.amd.com/us/certified/power-supplies






http://support.asus.com/PowerSupplyCalculator/PSCalculator.aspx
http://support.asus.com/PowerSupplyCalculator/PSCalculator.aspx









www.acpi.info
www.acpi.info

































www.raytek.com
www.raytek.com









www.google.com/patents/about?id=w0ehAAAAEBAJ
www.google.com/patents/about?id=w0ehAAAAEBAJ
www.google.com/patents/about?id=iOGqAAAAEBAJ
www.pcpower.com
www.corsair.com
www.seasonic.com
www.google.com/patents/about?id=w0ehAAAAEBAJ
www.google.com/patents/about?id=w0ehAAAAEBAJ
www.google.com/patents/about?id=iOGqAAAAEBAJ
www.pcpower.com
www.corsair.com
www.seasonic.com










































www.formfactors.org
www.formfactors.org




















































































www.cidesign.com
www.micro-a.com
www.jameco.com
www.newegg.com
www.cidesign.com
www.micro-a.com
www.jameco.com
www.newegg.com





















www.driverpacks.net
www.driverpacks.net



www.imgburn.com
http://tinyurl.com/4qfdm4x
www.imgburn.com
http://tinyurl.com/4qfdm4x















www.postcodemaster.com
www.postcodemaster.com



http://www.ami.com/support/doc/AMI_Aptio_4.x_Status_Codes_PUB.pdf
http://www.ami.com/support/doc/AMI_Aptio_4.x_Status_Codes_PUB.pdf






























http://msdn.microsoft.com/en-us/library/ff542347.aspx
http://support.microsoft.com/kb/315263
http://support.microsoft.com/kb/947321
http://msdn.microsoft.com/en-us/library/ff542347.aspx
http://support.microsoft.com/kb/315263
http://support.microsoft.com/kb/947321



www.ami.com
http://micro2000pcdiagnostics.com/
www.pc-diagnostics.com
www.pcdservicecenter.com
http://www.eurosoft-uk.com/
www.windsortech.com
www.uxd.com
http://ultimatebootcd.com
http://ultimatebootcd.com
www.ubcd4win.com
www.mersenne.org/freesoft
www.ocbase.com
http://almico.com/speedfan.php
www.ami.com
http://micro2000pcdiagnostics.com/
www.pc-diagnostics.com
www.pcdservicecenter.com
http://www.eurosoft-uk.com/
www.windsortech.com
www.uxd.com
http://ultimatebootcd.com
http://ultimatebootcd.com
www.ubcd4win.com
www.mersenne.org/freesoft
www.ocbase.com
http://almico.com/speedfan.php



























www.alliedelec.com
www.digikey.com/
www.mouser.com
www.newark.com
www.radioshack.com
www.stanleysupply-services.com
www.stanleysupply-services.com
www.alliedelec.com
www.digikey.com/
www.mouser.com
www.newark.com
www.radioshack.com
www.stanleysupply-services.com
www.stanleysupply-services.com






www.bootdisk.com
www.ultimatebootcd.com
www.ubcd4win.com
www.chemtronics.com
www.stabilant.com
www.bootdisk.com
www.ultimatebootcd.com
www.ubcd4win.com
www.chemtronics.com
www.stabilant.com






www.specialized.net
www.stanleysupplyservices.com
www.stanleysupplyservices.com
www.specialized.net
www.stanleysupplyservices.com
www.stanleysupplyservices.com



www.passmark.com
www.passmark.com












www.simmtester.com
www.tanisys.com
http://oca.microsoft.com/en/windiag.asp
www.memtest86.com
www.simmtester.com
www.tanisys.com
http://oca.microsoft.com/en/windiag.asp
www.memtest86.com



www.raytek.com
www.raytek.com






http://www.piriform.com/
www.vopt.com
http://www.piriform.com/
www.vopt.com



www.stabilant.com
www.stabilant.com


















http://www.metageek.net/products/inssider/
http://www.metageek.net/products/inssider/


















http://support.microsoft.com
http://support.microsoft.com
http://support.microsoft.com
http://support.microsoft.com



www.pckeyboard.com
www.pckeyboard.com


















www.gtopala.com
www.gtopala.com



www.crucial.com
www.crucial.com




































































































































































































	Contents
	Introduction
	Book Objectives
	A Personal Note

	1 Development of the PC
	Computer History: Before Personal Computers
	Timeline
	Electronic Computers

	Modern Computers
	From Tubes to Transistors
	Integrated Circuits

	History of the PC
	Birth of the Personal Computer
	The IBM Personal Computer
	The PC Industry 30 Years Later


	2 PC Components, Features, and System Design
	What Is a PC?
	Who Controls PC Software?
	Who Controls PC Hardware?
	White-Box Systems
	PC Design Guides

	System Types
	System Components

	3 Processor Types and Specifications
	Microprocessor History
	The First Microprocessor
	PC Processor Evolution
	16-Bit to 64-Bit Architecture Evolution

	Processor Specifications
	Data I/O Bus
	Address Bus
	Internal Registers (Internal Data Bus)
	Processor Modes
	Processor Benchmarks
	Comparing Processor Performance
	Cache Memory

	Processor Features
	System Management Mode (SMM)
	Superscalar Execution
	MMX Technology
	Dynamic Execution
	Dual Independent Bus Architecture
	HT Technology
	Multicore Technology

	Processor Manufacturing
	Processor Re-Marking
	PGA Chip Packaging
	Single Edge Contact and Single Edge Processor Packaging

	Processor Socket and Slot Types
	Socket 478
	Socket LGA775
	Socket LGA1156
	Socket LGA1366
	Socket LGA1155
	Socket 939 and 940
	Socket AM2/AM2+/AM3/AM3+
	Socket F (1207FX)

	CPU Operating Voltages
	Math Coprocessors (Floating-Point Units)
	Processor Bugs and Steppings
	Processor Code Names
	P1 (086) Processors
	P2 (286) Processors
	P3 (386) Processors
	P4 (486) Processors
	P5 (586) Processors
	AMD-K5

	Intel P6 (686) Processors
	Pentium Pro Processors
	Pentium II Processors
	Pentium III
	Celeron

	Intel Pentium 4 Processors
	Pentium 4 Extreme Edition
	Intel Pentium D and Pentium Extreme Edition

	Intel Core Processors
	Intel Core 2 Family
	Intel (Nehalem) Core i Processors

	AMD K6 Processors
	NexGen Nx586
	AMD-K6 Series

	AMD K7 Processors
	AMD Athlon
	AMD Duron
	AMD Athlon XP
	Athlon MP

	AMD K8 Processors
	AMD Athlon 64 and 64 FX
	AMD Sempron
	AMD Athlon X2, 64 X2, and 64 FX

	AMD K10 Processors (Phenom, Phenom II, Athlon II, Athlon X2, Sempron)
	AMD Fusion Processors
	Processor Upgrades
	Overclocking
	Quartz Crystals
	Modern PC Clocks
	Overclocking Tips
	Unlocking Cores
	Bus Speeds and Multipliers

	Processor Cooling
	Heatsinks
	Liquid Cooling
	Thermally Advantaged Chassis

	Processor Troubleshooting Techniques

	4 Motherboards and Buses
	Motherboard Form Factors
	Obsolete Form Factors
	ATX and Other Modern Form Factors

	Processor Sockets/Slots
	Chipsets
	Chipset Evolution
	Intel Chipsets
	Intel Chipset Model Numbers
	Intel Integrated Graphics Architecture
	AMD Integrated Graphics Architecture
	Traditional North/South Bridge Architecture
	Hub Architecture
	Third-Party North-South Bridge Connections
	HyperTransport

	Intel’s Early 386/486 Chipsets
	Fifth-Generation (P5 Pentium Class) Chipsets
	Sixth-Generation (P6 Pentium Pro/II/III Class) Chipsets
	Seventh/Eighth-Generation (Pentium 4/D, Core 2, and Core i) Chipsets
	Intel 915 Family
	Intel 925X Family
	Intel 945 Express Family
	Intel 955X and 975X Family
	Intel 96x Series
	Intel 3x and 4x Series Chipsets
	Intel 5x Series Chipsets
	Intel 6x Series Chipsets

	Third-Party Chipsets for Intel Processors
	SiS Chipsets
	ULi Electronics Chipsets
	ATI Chipsets
	VIA Chipsets
	NVIDIA Chipsets for Intel Processors

	Chipsets for AMD Processors
	AMD Athlon Chipsets
	AMD Athlon 64 Chipsets
	AMD 8000 (8151) Chipset
	AMD (Formerly ATI) Chipsets for Athlon 64, Sempron, Phenom
	Third-Party Chipsets for AMD Processors
	VIA Chipsets
	SiS Chipsets
	NVIDIA Chipsets

	Super I/O Chips
	Motherboard Connectors
	System Bus Types, Functions, and Features
	The Processor Bus (FSB)

	Types of I/O Buses
	The ISA Bus
	The Micro Channel Bus
	The EISA Bus
	Local Buses (VESA, PCI, PCI Express, AGP)

	System Resources
	Interrupts
	DMA Channels
	I/O Port Addresses

	Resolving Resource Conflicts
	PnP

	Motherboard Selection Criteria (Knowing What to Look For)
	Chipset Documentation


	5 BIOS
	BIOS Basics
	Motherboard ROM BIOS
	ROM Hardware
	ROM Shadowing
	ROM Chip Types
	ROM BIOS Manufacturers
	BIOS Hardware/Software

	Upgrading the BIOS
	Where to Get Your BIOS Update
	Determining Your BIOS Version
	Checking the BIOS Date
	Backing Up Your BIOS
	Backing Up Your BIOS Setup (CMOS RAM) Settings
	Upgrading a Flash BIOS
	Motherboard CMOS RAM Addresses
	Year 2000 BIOS Issues

	Preboot Environment
	Unified Extensible Firmware Interface (UEFI)
	UEFI and BIOS Limitations
	UEFI Support

	CMOS Setup
	Running or Accessing the CMOS Setup Program
	BIOS Setup Menus
	Maintenance Menu
	Main Menu
	Advanced Menus
	Security Menu
	Power Menu
	Boot Menu (Boot Sequence, Order)
	Exit Menu
	Additional BIOS Setup Features

	PnP BIOS
	PnP Device IDs
	ACPI

	BIOS/MBR Error Messages
	BIOS Boot Error Messages
	MBR Boot Error Messages


	6 Memory
	Memory Basics
	ROM
	DRAM
	Cache Memory: SRAM

	Memory Standards
	Speed and Performance
	Fast Page Mode DRAM
	Extended Data Out RAM
	SDRAM
	DDR SDRAM
	DDR2 SDRAM
	DDR3 SDRAM
	RDRAM

	Memory Modules
	Registered Modules
	SIMM Details
	SDR DIMM Details
	DDR DIMM Details
	DDR2 DIMM Details
	DDR3 DIMM Details

	Determining a Memory Module’s Size and Features
	Memory Banks
	Memory Module Speed
	Parity and ECC
	Parity Checking
	How Parity Checking Works
	ECC

	RAM Upgrades
	Upgrade Options and Strategies
	Purchasing Memory
	Replacing Modules with Higher-Capacity Versions
	Installing Memory Modules

	Troubleshooting Memory
	Memory Defect Isolation Procedures
	The System Logical Memory Layout

	7 The ATA/IDE Interface
	An Overview of the IDE Interface
	Precursors to IDE
	IDE Origins
	Origins of ATA

	ATA Standards
	ATA-1 (ATA Interface for Disk Drives)
	ATA-2 (ATA Interface with Extensions-2)
	ATA-3 (ATA Interface-3)
	ATA/ATAPI-4 (ATA with Packet Interface Extension-4)
	ATA/ATAPI-5 (ATA with Packet Interface-5)
	ATA/ATAPI-6 (ATA with Packet Interface-6)
	ATA/ATAPI-7 (ATA with Packet Interface-7)
	ATA/ATAPI-8

	PATA
	PATA I/O Connector
	PATA I/O Cable
	Longer or Rounded Cables
	PATA Signals
	PATA Dual-Drive Configurations
	PATA PIO Transfer Modes
	PATA DMA Transfer Modes

	SATA
	SATA Cables and Connectors
	SATA Configuration
	Advanced Host Controller Interface (AHCI)
	SATA Transfer Modes

	ATA Features
	ATA Commands
	ATA Security Mode
	Host Protected Area
	ATAPI

	ATA Drive Capacity Limitations
	Prefixes for Decimal and Binary Multiples
	BIOS Limitations
	CHS Versus LBA
	CHS/LBA and LBA/CHS Conversions
	BIOS Commands Versus ATA Commands
	CHS Limitations (the 528MB Barrier)
	CHS Translation (Breaking the 528MB Barrier)
	The 2.1GB and 4.2GB Barriers
	LBA-Assist Translation
	The 8.4GB Barrier
	The 137GB Barrier and Beyond
	Operating System and Other Software Limitations

	GPT and the 2.2TB Barrier
	PATA/SATA RAID

	8 Magnetic Storage Principles
	Magnetic Storage
	History of Magnetic Storage
	How Magnetic Fields Are Used to Store Data
	Read/Write Head Designs
	Ferrite
	Metal-In-Gap
	Thin-Film
	Magneto-Resistive Heads
	Giant Magneto-Resistive Heads

	Head Sliders
	Data-Encoding Schemes
	Frequency Modulation Encoding
	Modified FM Encoding
	Run Length Limited Encoding
	Encoding Scheme Comparisons
	Partial-Response, Maximum-Likelihood Decoders

	Capacity Measurements
	Areal Density
	PMR


	9 Hard Disk Storage
	Definition of a Hard Disk
	Hard Drive Advancements
	Form Factors
	5 1/4-Inch Drive
	3 1/2-Inch Drive
	2 1/2-Inch Drive
	1.8-inch Drive
	1-Inch Drives

	HDD Operation
	The Ultimate HDD Analogy
	Tracks and Sectors
	ECC
	Disk Formatting

	Basic HDD Components
	Hard Disk Platters (Disks)
	Recording Media
	Read/Write Heads
	Head Actuator Mechanisms
	Air Filters
	Hard Disk Temperature Acclimation
	Spindle Motors
	Logic Boards
	Cables and Connectors
	Configuration Items

	Hard Disk Features
	Capacity
	Performance
	Reliability


	10 Flash and Removable Storage
	Alternative Storage Devices
	Flash Memory Devices
	CompactFlash
	SmartMedia
	MultiMediaCard
	SecureDigital
	Sony Memory Stick
	ATA Flash PC Card
	xD-Picture Card
	SSD (Solid-State Drive)
	Virtual SSD (RAMdisk)
	Flash-Based SSDs
	USB Flash Drives
	Comparing Flash Memory Devices
	Flash Card Readers
	Card Readers
	Type II PC Card Adapters

	High-Capacity Removable Magnetic Storage Devices
	Floppy Disk Drives
	1.44MB 3 1/2-Inch Drives
	Floppy Drive Interfaces
	Drive Components
	Read/Write Heads
	The Floppy Controller
	Power and Data Connectors
	The Floppy Disk Controller Cable
	How the OS Uses a Floppy Disk
	Disk Change
	Floppy Disk Media Types and Specifications
	Density
	Media Coercivity and Thickness
	Floppy Disk Media

	Tape Drives

	11 Optical Storage
	Optical Technology
	CD-Based Optical Technology
	CDs: A Brief History
	CD Construction and Technology
	Mass-Producing CDs
	Writable CDs
	MultiRead Specifications

	DVD
	DVD History
	DVD Construction and Technology
	DVD Tracks and Sectors
	Handling DVD Errors
	DVD Capacity (Sides and Layers)
	Data Encoding on the DVD Disc
	Recordable DVD Standards
	Multiformat Rewritable DVD Drives

	BD
	HD-DVD
	Optical Disc Formats
	CD Formats
	DVD Formats and Standards
	Optical Disc File Systems

	Ripping/Copying Discs
	“For Music Use Only” CD-R/RW Discs
	CD Copy Protection
	CD Digital Rights Management
	DVD Copy Protection

	Optical Drive Performance Specifications
	CD Data Transfer Rate
	CD Drive Speed
	DVD Drive Speed
	Access Time
	Buffer/Cache
	Direct Memory Access and Ultra-DMA
	Interface
	Loading Mechanism
	Other Drive Features

	How to Reliably Record Optical Discs
	Booting from a Floppy Disk with Optical Drive Support
	Bootable Optical Discs—El Torito
	LightScribe and LabelFlash

	Troubleshooting Optical Drives
	Caring for Optical Media
	Updating the Firmware in an Optical Drive


	12 Video Hardware
	Display Adapters and Monitors
	Video Display Adapters
	Video Adapter Types
	Integrated Video/Motherboard Chipsets
	CPUs with Integrated Video
	Video Adapter Components
	Identifying the Video and System Chipsets
	Video RAM
	The DAC

	Video Display Interfaces
	The System Interface
	The Display Interface
	TV Display Interfaces

	3D Graphics Accelerators
	How 3D Accelerators Work
	APIs
	Dual-GPU Scene Rendering

	Monitors
	Display Specifications
	LCD Technology
	LED Backlit Technology
	CRT Display Technology
	Plasma Display Technology
	LCD and DLP Projectors

	Using Multiple Monitors
	Dualview
	Homogeneous Adapters
	Heterogeneous Adapters

	Video Troubleshooting and Maintenance
	Troubleshooting Video Cards and Drivers
	Video Drivers
	Maintaining Monitors
	Testing Monitors
	Adjusting Monitors
	Bad Pixels
	Troubleshooting Monitors
	Repairing Monitors


	13 Audio Hardware
	Audio Hardware Concepts and Terms
	The Nature of Sound
	Evaluating the Quality of Your Audio Hardware
	Sampling

	Early PC Sound Cards
	Limitations of Sound Blaster Pro Compatibility
	Microsoft Windows and Audio Support
	DirectX and Audio Support Hardware
	Core Audio APIs for Windows Vista and Windows 7
	3D Gaming Audio Standards
	Legacy Audio Support Through Virtualization

	Audio Hardware Features
	Basic Connectors
	Advanced Audio Features
	Volume Control
	MIDI Support Features
	Data Compression
	Sound Drivers
	Sound Cards for Sound Producers

	Motherboard Chipsets with Integrated Audio
	AC’97 Integrated Audio
	Intel “Azalia” HD Audio

	Troubleshooting PC Audio Problems
	Sound Card and Onboard Audio Problems

	Speakers
	Speaker Selection Criteria
	Theater and Surround Sound Considerations

	Microphones

	14 External I/O Interfaces
	Introduction to Input/Output Ports
	Serial Versus Parallel
	Universal Serial Bus (USB)
	IEEE 1394 (FireWire or i.LINK)
	Comparing USB and IEEE (FireWire)
	Hot-Plugging (and Unplugging)

	Thunderbolt Technology
	Low-Speed External Connections
	Serial Ports
	Parallel Ports


	15 Input Devices
	Keyboards
	Enhanced 101-Key Keyboard
	104-Key (Windows) Keyboard

	Keyboard Technology
	Keyswitch Design
	The Keyboard Interface
	Typematic Functions
	Keyboard Key Numbers and Scan Codes
	International Keyboard Layouts
	Keyboard/Mouse Interface Connectors
	USB Keyboards
	Keyboards with Special Features

	Keyboard Troubleshooting and Repair
	Keyboard Disassembly
	Cleaning a Keyboard

	Keyboard Recommendations
	Pointing Devices
	Ball-Type Mice
	Optical Mice
	Pointing Device Interface Types
	Mouse Troubleshooting
	Scroll Wheels
	TrackPoint II/III/IV
	Alternative Pointing Devices

	Wireless Input Devices
	Power Management Features of Wireless Input Devices
	Troubleshooting Wireless Input Devices


	16 Internet Connectivity
	Internet Connectivity Trends
	Broadband Internet Access Types
	Cable TV
	Digital Subscriber Line
	Wireless Broadband
	Cellular Broadband 3G and 4G Services
	Satellite Broadband
	ISDN
	Leased Lines
	Comparing High-Speed Internet Access

	Dial-Up Modems
	56Kbps Modems

	Internet Connection Security
	Having a Backup Plan in Case of Service Interruptions
	Sharing Your Internet Connection
	Routers for Internet Sharing
	Modem/Router Status LEDs


	17 Local Area Networking
	Defining a Network
	Types of Networks
	Requirements for a Network

	Client/Server Versus Peer Networks
	Client/Server Networks
	Peer-to-Peer Networks
	Comparing Client/Server and Peer-to-Peer Networks

	Network Architecture Overview
	Wired Ethernet
	Wireless Ethernet
	Bluetooth

	Hardware Elements of Your Network
	NICs for Wired Ethernet Networks
	Network Cables for Wired Ethernet
	Wired Network Topologies
	Switches for Ethernet Networks
	Wireless Ethernet Hardware

	Network Protocols
	IP and TCP/IP
	IPX
	NetBEUI

	Other Home Networking Solutions
	HomePNA
	Power Line Networking

	Putting Your Network Together
	Network Adapters
	Cables and Connections Between Computers
	Switch/Access Point


	18 Power Supplies
	The Power Supply
	Primary Function and Operation
	Voltage Rails
	The Power Good Signal

	Power Supply Form Factors
	Modern Form Factors

	Power Switches
	ATX and Newer
	PC/XT/AT and LPX Power Switches

	Motherboard Power Connectors
	AT/LPX Power Supply Connectors
	ATX and ATX12V Motherboard Power Connectors
	Backward and Forward Compatibility
	Dell Proprietary (Nonstandard) ATX Design

	Additional Power Connectors
	Peripheral Power Connectors
	Floppy Power Connectors
	Serial ATA Power Connectors
	PCI Express Auxiliary Graphics Power Connectors

	Power Supply Specifications
	Power Supply Loading
	Power Supply Ratings
	Other Power Supply Specifications
	Power Factor Correction
	SLI-Ready and CrossfireX Certifications
	Safety Certifications

	Power-Use Calculations
	Power Savings
	80 Plus
	ENERGY STAR
	Advanced Power Management
	Advanced Configuration and Power Interface

	Power Cycling
	Power Supply Troubleshooting
	Overloaded Power Supplies
	Inadequate Cooling
	Using Digital Multimeters
	Specialized Test Equipment

	Power Supply Recommendations
	Modular Cables
	Sources for Replacement Power Supplies

	Power-Protection Systems
	Surge Suppressors (Protectors)
	Network and Phone Line Surge Protectors
	Line Conditioners
	Backup Power

	Real-Time Clock/Nonvolatile RAM (CMOS RAM) Batteries
	Modern CMOS Batteries
	Obsolete or Unique CMOS Batteries
	CMOS Battery Troubleshooting


	19 Building or Upgrading Systems
	System Components
	Case and Power Supply
	Processor
	Motherboard
	Memory
	Hard Disk/Solid-State Drives
	Removable Storage
	Input Devices
	Video Card and Display
	Audio Hardware
	Accessories

	Hardware and Software Resources
	System Assembly and Disassembly
	Assembly Preparation
	Installing the CPU and Heatsink
	Installing Memory Modules
	Mounting the New Motherboard in the Case
	Preparing a Modular Power Supply
	Connecting the Power Supply
	Connecting I/O and Other Cables to the Motherboard
	Installing the Drives
	Installing a Video Card
	Installing Additional Expansion Cards
	Replacing the Cover and Connecting External Cables

	System Startup
	Installing the OS
	Troubleshooting New Installations

	20 PC Diagnostics, Testing, and Maintenance
	PC Diagnostics
	Diagnostics Software
	The POST
	Peripheral Diagnostics
	Operating System Diagnostics
	Commercial Diagnostics Software
	Free/User Supported Diagnostics

	The Boot Process
	The Hardware Boot Process: Operating System Independent
	The DOS Boot Process
	The Windows 9x/Me Boot Process
	Windows 2000/XP Startup
	Windows Vista/7 Startup

	PC Maintenance Tools
	Hand Tools
	Safety
	Test Equipment
	Special Tools for the Enthusiast

	Preventive Maintenance
	Active Preventive Maintenance Procedures
	Passive Preventive Maintenance Procedures

	Troubleshooting Tips and Techniques
	Repair or Replace?
	Troubleshooting by Replacing Parts
	Troubleshooting by the Bootstrap Approach
	Problems During the POST
	Problems Running Software
	Problems with Adapter Cards
	Top Troubleshooting Problems


	Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z




