(CHAPTER VY

The Visible Computer

In this chapter, you will learn how to
+ Describe how computing devices work
+ Identify common connectors and devices on a typical computer system
+ Discuss features common to operating system software

Charles Babbage didn't set out to change the world. He just wanted to do math without wor-
rying about human error, something all too common in his day. Babbage was a mathematician
in the nineteenth century, a time well before anyone thought to create electronic calculators or
computers (see Figure 3-1). When he worked on complex math, the best “computers” were
people who computed by hand. They solved equations using pen and paper.

Figure 3-1
Charles Babbage,
father of the
computer

Babbage thought of making machines that would do calculations mechanically, so the
numbers would always be right. Although his ideas were ahead of his time, inventors in
the mid-twentieth century picked up the concepts and created huge calculating machines
that they called computers.

This chapter explores how computing devices work. We'll look first at the computing
process, then turn to hardware components common to all devices. The chapter finishes
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with a discussion about software, exploring commonality among all operating systems
and specific functions of application programming. And, there are lots of pictures.

Historical/Conceptual

The Computing Process

In modern terms, a computer is an electronic device that can perform calculations. The
most common types use special programming languages that people, known as computer
programmers, have written and compiled to accomplish specific tasks.

When most people hear the word “computer,” they picture general computing devices,
machines that can do all sorts of things. The typical personal computer (PC) runs the
operating system Microsoft Windows and is used for various tasks (see Figure 3-2). You
can use it to manage your money and play games, for example, without doing anything
special to it, such as adding new hardware.

Figure 3-2
A typical PC

Here are some other general-purpose computing devices:

« Apple Mac

o Apple iPad

o Smartphone

o Portable computer (see Figure 3-3)

Figure 3-3
A portable
computer
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Plenty of other devices do specific computing jobs, focusing on a single task or set of
similar tasks. You probably encounter them all the time. Here's a list of common specific-
purpose computers:

o Apple iPod

Pocket calculator
Digital watch
Digital clock

Wi-Fi picture frame
Basic mobile phone
Xbox One
PlayStation 4

GPS (Global Positioning System, the device that helps drivers figure out how to
get where they need to go)

TiVo

Point of sale (POS) system (see Figure 3-4)
Digital camera

Camcorder

Figure3-4 TURN OFFPENGINE  NO SMOKING

A point of sale
computerin a
gasoline pump

PAYMENT KEYS

This list isn’t even close to complete! Plus, there are computers inside a zillion other
devices. Here are some:

Modern refrigerators
Every automobile built since 1995
Airplanes
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e Boats

Mall lighting systems
e Zambonis

Home security alarms

You get the idea. Computers help the modern world function.

NOTE | picked 1995 as an arbitrary date for when every new car built had

a computer. Computers have been used with cars for a long time. Simple
computers helped make car factories work better starting in the 1970s, for
example. The earliest mass-production car | found that had a central processor
chip for added performance was the BMW 3 Series. The 1985-86 BMW 325, for
example, can gain a few extra horsepower just from a ~$200 chip upgrade.

Modern computer techs need to know how different types of computing devices work
so they can support the many devices used by their clients. This diversity is also reflected
in the CompTIA A+ exams.

If the list of devices to support seems overwhelming, relax. The secret savior for mod-
ern techs is that computing devices function similarly to each other. Once you know
what a particular device should enable a user to do, you'll be able to configure and
troubleshoot successfully.

The Computing Parts

A modern computer consists of three major components:

o Hardware

o Operating system

o Applications

The hardware is the physical stuff that you can touch or hold in your hand. With

a smartphone, for example, you hold the phone. On a typical personal computer, you
touch the keyboard or view images on the monitor (see Figure 3-5).

Figure 3-5
A typical
computer
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The operating system (OS) controls the hardware and enables you to tell the computer
what to do. The operating system often appears as a collection of windows and little icons
you can click or touch (see Figure 3-6). Collectively these are called the wser interface
(UI), which means the software parts with which you can interact. The UI that offers
images or icons to select (as opposed to making you type commands) is called a graphical
user interface (GUI).
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Figure 3-6 The Microsoft Windows 8.1 operating system

Applications (or programs) enable you to do specialized tasks on a computer, such as

o Type a letter
o Send a message from your computer in Houston to your friend’s computer in Paris
o Wander through imaginary worlds with people all over Earth

Very simple computing devices might have an operating system with only a few fea-
tures that give you choices. A digital camera, for example, has a menu system that enables
you to control things like the quality of the picture taken (see Figure 3-7).

More complicated devices offer more choices. An Apple iPhone, for example, can do
some cool things right out of the box, including make a phone call. But you can visit the
Apple online store—the App Store—for programs and download applications (known as
apps) to do all sorts of things that Apple didn’t include (see Figure 3-8).

Finally, multipurpose computers like the typical Windows PC or Mac OS X com-
puter offer applications to help you do everything from write a book on CompTIA A+
certification to talk with someone on the other side of the world, with full audio and
video (see Figure 3-9).
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Figure 3-7
Changing
settings on a
digital camera

Figure 3-8
Talking Carl +
talks back to
you—perhaps
not the most
useful app on
the planet, but
amusing
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Figure 3-9 Skype communication

Stages
At the most basic level, computers work through three stages, what's called the computing
process:

. lnput
o Processing
¢ Output

You start the action by doing something—clicking the mouse, typing on the key-
board, or touching the touch screen. This is input. The parts inside the device or case take
over at that point as the operating system tells the hardware to do what you've requested.
This is processing.

In fact, at the heart of every computing device is a central processing unit (CPU), usu-
ally a single, thin wafer of silicon and tiny transistors (see Figure 3-10). The CPU handles
the majority of the processing tasks and is, in a way, the “brain” of the computer.
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Figure 3-10
Intel Core
iZ7CPUona
motherboard

NOTE Chapter 4, “Microprocessors,” gives a lot more information on CPUs
and other processing components.

Once the computer has processed your request, it shows you the result by changing
what you see on the display or playing a sound through the speakers. This is outpuz. A
computer wouldn't be worth much if it couldn’t demonstrate that it fulfilled your com-
mands! Figure 3-11 shows the computing process.

Figure 3-11 OUTPUT
The computing
process

Modern computing devices almost always have two other stages:

e Data storage
e Network connection
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Data storage means saving a permanent copy of your work so that you can come back
to it later. It works like this. First, you tell the computer to save something. Second, the
CPU processes that command and stores the data. Third, the computer shows you some-
thing, such as a message saying that the data is stored. Any work that you don’ save is lost
when you turn the computer off or exit the application.

Most computing devices connect to other devices to access other resources. A network
connection often describes how one computer connects to one or more other computers.
And it doesn’t just apply to a couple of office computers. Every smartphone, for example,
can connect to the Internet and play a video from YouTube (assuming you have a signal
from a cell tower and a data plan). A network connection can also mean running a cable
between two devices, like connecting an iPad or iPhone to a Windows desktop machine
using a Lightning-to-USB cable.

At this point, students often ask me a fundamental question: “Why should I care
about the computing process?” The answer to this question defines what makes a good
computer technician. Here’s my response.

Why the Process Matters to Techs

Because the computing process applies to every computing device, it provides the basis for
how every tech builds, upgrades, and repairs such devices. By understanding both the com-
ponents involved and how they talk to each other, you can work with 27y computing device.
It might take a couple minutes to figure out how to communicate with the device via input,
for example, but you'll quickly master it because you know how all computing devices work.

Breaking It Down
The whole computer process from start to finish has a lot of steps and pieces that inter-
act. The more you understand about this interaction and these pieces, the better you can
troubleshoot when something goes wrong, This is the core rule to being a great tech.

Here are nine steps that apply to most computers and computing devices when you
want to get something done:

1. Power up. Computers run on electricity.

2. Processing parts prepare for action.

3. You provide input.

4. Processing parts process your command.

5. Processing parts send output information to your output devices.

6. Output devices show you the results.

7. Repeat Steps 3—6 until you're satisfied with the outcome.

8. Save your work.

9. Power down the computer.

We'll come back to these processing steps as we tackle troubleshooting scenarios
throughout the book. Keep these steps in mind to answer the essential question a tech

should ask when facing a problem: What can it be? Or, in slightly longer fashion: What
could cause the problem that stopped this device from functioning properly?
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901

Computing Hardware

A lot of this book takes you in depth on specific computing hardware, such as CPUs
and mass storage devices. CompTIA expects competent techs to know what to call every
connector, socket, and slot in a variety of computing devices. Rather than describe all of
those briefly here, I decided to create a photo walkthrough naming points-of-interest and
the chapters that discuss them.

EXAMTIP Memorize the names of the components, connectors, and terms
discussed and displayed in this section. You'll see them in future chapters, in
the real world, and on the CompTIA A+ 901 exam.

This section serves as a visual introduction to the components and connections. Plus,
it should work great as a set of study sheets for memorizing names just before taking the
901 exam. The images that follow indicate the chapters where you'll find information
about a component or connection standard.

Figure 3-12 shows a typical PC. The input and output devices should be familiar
to most.

Multifunction device, with printer,

System unit or case: the pro- Monitor: visual output scanner, and more: printed output,
cessing takes place inside (See  (See Chapter 19,“Display ~ scanned input (See Chapter 26, “Print-
Chapter 7,"Motherboards.") Technologies.’) ers and Multifunction Devices.")

Keyboard: input device Speakers: aural output Mouse: input device
(See Chapter 11, “Essential (See Chapter 11, “Essential (See Chapter 11,
Peripherals.’) Peripherals.) “Essential Peripherals.’)

Figure 3-12 PC with common peripherals

Figure 3-13 shows the back of a PC’s system unit, where you'll find the many connection
points called ports. Some ports connect to output devices; a couple are exclusively used for
input devices. Most (such as the universal serial bus, or USB) handle either type of device.
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Figure 3-14 reveals the inside of a PC case, where you'll find the processing and stor-

age devices. Hiding under everything is the motherboard, the component into which
everything directly or indirectly connects.

Power supply: electricity Central processing unit Memory: essential part of Optical drive:
provider (See Chapter 8,  (CPU) hiding under heat processing (See Chapter 5, important data
“Power Supplies.’) sink and fan assembly: “RAM.") storage component
primary processing (See Chapter 11,

component (See Chapter

“Essential Peripherals.’)
4,“Microprocessors.’)

o~
I | N \
Video card: important for Solid-state drive (SSD): Motherboard: Magnetic hard disk drive
processing visual output important data storage essential component (HDD): core data storage
(See Chapter 19, “Display component (See Chapter 9, (See Chapter 7, component (See Chapter 9,
Technologies.’) “Hard Drive Technologies.") “Motherboards.) “Hard Drive Technologies.’)

Figure 3-14 Inside the system unit
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Figure 3-15 shows a clamshell-style portable computer, in this case an Apple MacBook
Air. The portable nature of the device calls for input and output devices built into the
case—some variation from the typical PC displayed earlier, therefore, but all the standard
computing component functions apply. Chapter 24, “Portable Computing,” goes into a
lot of detail about each component displayed here.

Ep Webcam: visual input Display: primary visual out-
Figure 3-15 device (See Chapter 11, put device (See Chapter 19,
Portable “Essential Peripherals.”) “Display Technologies.)

P! play og
computer

(a MacBook Air)

Keyboard: primary input
device (See Chapter 11,
“Essential Peripherals.)

Touchpad: primary input Clamshell case: houses the

: processing components
?ewce (,SE e Chapter H, (See Chapter 24, “Portable
Essential Peripherals.’) -
Computing.)

Figure 3-16 shows the side of a portable computer with three different connection
types.

" USB port: for many input and
Figure 3-16
9 output devices (See Chapter 11,
Portsona “Essential Peripherals.’)
portable
computer
¢ H
Secure Digital (SD) card slot: remov- Thunderbolt port: general-purpose input/
able data storage port (See Chapter 11, output connection (See Chapter 11,

“Essential Peripherals.) “Essential Peripherals!’)
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Figure 3-17 shows a tablet computer, an Apple iPad. Note that the screen has a touch
interface, which makes it both an input and output device.

Figure 3-17
Tablet computer

Touchscreen: primary input and
output device (See Chapter 25,
“Mobile Devices.")

Home button: input device
(See Chapter 25, “Mobile
Devices.)

We could continue with any number of computing devices in the same picture show,
but at this point the uniformity of computing component functions should be pretty
clear. They all work similarly, and, as a competent tech, you should be able to support
just about any customer device. Let’s turn now to a visual feast of software.

SIM Check out the excellent Chapter 3 Challenge! sim on motherboard
. matching at totalsem.com/90x. It’s a cool sim that helps names stick in
your head.

902

Computing Software

The CompTIA A+ 902 exam covers a lot of software, though mostly operating system
tools rather than specific applications. Five Microsoft operating systems make up the
bulk of the coverage: Windows Vista, Windows 7, Windows 8, Windows 8.1, and Win-
dows Phone/Mobile. Windows 10 didn’t make it into the objectives, but I've added it to
the book because you need to know it for real-life support. Apple gets coverage of two
OSs: OS X and iOS. Linux gets a generic nod (more on that in a moment), and Google
Android gets some discussion.
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NOTE Along with the unfortunately missing Windows 10, the CompTIA A+
objectives have a few notably absent operating systems. Microsoft released
Windows 10 well after CompTIA finalized the exam objectives, so it gets no
coverage. Perhaps more puzzling, though, is the lack of specific Linux versions,
called distributions or distros. There’s a big difference in look and feel, for example,
between Ubuntu and SUSE Linux. Focus here on what you can do with every OS
and you'll be able to handle any distro easily. Finally, Google Chrome OS, used on
Google’s line of portable computers (Chromebooks), gets nary a nod.

Common Operating System Functions
All OSs are not created equal, but every OS provides certain functions. Here’s a list:

o The OS communicates, or provides a method for other programs to communicate,
with the hardware of the PC or device. Operating systems run on specific
hardware. For example, if you have a 32-bit computer, you need to install a 32-bit
version of an operating system. With a 64-bit computer, you need a 64-bit OS.

o The OS creates a user interface (Ul)—a visual representation of the computer on
the monitor that makes sense to the people using the computer.

o The OS enables users to determine the available installed programs and run, use,
and shut down the programs of their choice.

o The OS enables users to add, move, and delete the installed programs and data.

o The OS provides a method to secure a system from all sorts of threats, such as
data loss or improper access.

Almost every chapter in this book explores the interaction of OS and hardware.
Chapter 12, “Building a PC,” examines adding and removing programs. Many security
features show up in multiple chapters, such as Chapter 14, “User and Groups,” and
Chapter 27, “Securing Computers.” The rest of this chapter, therefore, focuses on the
user interface and the file structures.

User Interfaces

This section tours the various operating system user interfaces. Like the hardware tours
earlier, this section serves a double purpose. First, you need to know the proper names for
the various Ul features and have an understanding of their functions. Second, it serves as
a handy quick review section before you take the 902 exam.

EXAMTIP Be sure you are very familiar with the operating system feature
names, tools, and terms discussed and displayed in this section. Not only will
you see them in future chapters, you will also encounter them in the field as
well as in the CompTIA A+ 902 exam.

NOTE Chapter 25,“Mobile Devices,’ details the three operating systems for
mobile devices—iOS, Android, and Windows Phone/Mobile.
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Windows Vista/7
Figure 3-18 shows the standard interface for Windows 7, a traditional multifunction
computer. Windows uses a graphical user interface primarily, so you engage with the
mouse or other pointing device and click on elements. The background is called the
Deskrop. The open applications are Internet Explorer—Window’s default Web browser—
and a Windows Explorer window showing the Windows 7 default Libraries.

Other visible items are as follows:

o The open applications demonstrate transparency, where the edges of the applications
show blurred background images. This feature is called Aero, or Aero Glass.

o Click on the Start button to get access to applications, tools, files, and folders.

The pinned programs enable you to launch a program with a single left-click.

The taskbar shows running programs.

o The notification area shows programs running in the background. Many techs
also calls it the system tray.

Application running in Desktop with a
the foreground fewicons onit.
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Laarn how the Ubuntu desktop oparating system oiE] B
powers millions of PCs and leptops around the world 5
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B s
. — 5 Fiffur =
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Transparency at the
Pinned edges of applications Notification area/
Start button programs Taskbar (Aero) system tray

Figure 3-18 Windows 7 with applications open
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Interacting with the classic Windows interface for the most part involves using a
mouse or touchpad to move the cursor and either left-clicking or right-clicking on the
icons. Left-clicking selects an item; double-left-clicking opens an item. Right-clicking
opens a context menu from which you can select various options (see Figure 3-19).

e
O_O "|;R » Libraries » - | +y | | Search Libraries ol
Organize » - Open Share with * Burn New library B~ 0 ®
¢ Favorites Libraries
Bl Desktop Open a library to see your files and arrange them by folder, date, and other properties.
& Downloads =
] Recent Places |“®| Documents |! Music
\_\? Library <& Library
. Libraries [igas : | .
j D e m Pictures | Videos
£ Docume | ) ;
< ﬁ; 0 p Library
& Music |
) Pictures Open in new window
B videos Share with »
Don't show in navigation pane
Computer
. P Send to »
ﬁ Network Copy
Create shortcut
Delete
Rename
Properties
= Pictures Date modified: 3/13/2015 10:05 AM
,_:'? Library

Figure 3-19 Context menu

NOTE The context menu offers options specific to the icon you right-click.
Right-clicking on a file, for example, gives you a context menu that differs
greatly from when you right-click an application.

Windows 7’s predecessor, Windows Vista, has a similar look and feel. The most visible
difference is the Vista feature called the Sidebar. Enabled by default, the Sidebar houses
one or more Gadgets, such as the Clock, Calendar, and speeds you can see in Figure 3-20.
Windows 7 supports Gadgets too, but doesn’t have a Sidebar.

CAUTION Because of the inherent security flaws with both Sidebars and
Gadgets, Microsoft recommends disabling them on Windows Vista and
Windows 7 systems. Later versions of the OS do not have either.
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Figure 3-20 Windows Vista

Windows 8/8.1

Microsoft made significant changes to the Windows interface with the introduction of
Windows 8. They borrowed from tablet operating systems, such as Windows Phone, to
create a graphical set of tiles for full-screen programs, called @pps. Note that the screen
shows pinned apps—the default programs and programs selected by the user—and not
all the applications installed on the computer.

The Windows 8 interface, code-named Metro UI, works great for touch-enabled
devices. The PC becomes in essence a giant tablet. Touch an app to load, drag your finger
across the screen to see other apps, and have fun. Figure 3-21 shows the default Windows
8 interface, called the Start screen, with various elements called out.

NOTE Microsoft dropped the “Metro UI” moniker just before releasing
Windows 8 due to legal concerns, replacing it with “Modern Ul A lot of techs
and IT industry pros continue to refer to the unique Windows 8/8.1 tiled
interface as “Metro.”

Windows 8 also features a more classic Desktop, but one with the noticeable absence
of a visible Start button (see Figure 3-22). You access this screen by pressing the Windows
logo key on a standard keyboard.
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Start screen

Ford Pierson .&

Live Tiles (that update regularly)  Tiles

Figure 3-21 Windows 8 Start screen

Figure 3-22 Windows 8 Desktop
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Figure 3-23 Windows 8 Start screen scrolled to the right

Using a keyboard and mouse with Windows 8 bothers a lot of users making the jump
from Windows 7. Scrolling with the mouse wheel, for example, scrolls right to left rather
than up and down (see Figure 3-23).

With a series of updates culminating in Windows 8.1, Microsoft brought back fea-
tures such as the Start button, easy access to a Close button for apps, and the ability to
boot directly to the Desktop. Figure 3-24 shows the standard interface for Windows 8.1
with the various elements called out. Note that it’s very similar to Windows 7.

Windows 8.1 makes it very easy to pin apps to the Start screen. Selecting the arrow at
the bottom left brings up the Apps pane where you can sort and select apps and utilities
(see Figure 3-25). Right-click on an icon to pin it to the Start screen.

Windows 8/8.1 offer lots of hidden interface components that activate when you
place the cursor in certain places on the screen. Dropping the cursor to the bottom left
corner, for example, activates the Start button (see Figure 3-26) when in the Start screen.

EXAMTIP The first release of Windows 8 had no visible Start button on the
Desktop (except in the Charms bar). Microsoft added it to the Desktop in
later patches.

Placing the cursor in the top- or bottom-right corner of the screen reveals the Charms
bar, alocation for tools called charms. See the right side of Figure 3-27. Charms include a
robust Search tool that enables a search of the computer or even the Internet in one loca-
tion. There’s a Share charm for sharing photos, e-mail messages, and more. We'll revisit
the charms later in this chapter when exploring how to access tech tools.
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Figure 3-24 Windows 8.1
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Figure 3-27 Charms accessed by cursor in upper- or lower-right corner
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Figure 3-28 Windows 8.1 Desktop

The final version of Windows 8.1 uses the Desktop rather than the Start screen as the
default interface. The Start button is visible in the bottom left (see Figure 3-28). You can
still access the charms using the cursor and the upper- and lower-right corners of the screen.

Windows 10

With Windows 10, Microsoft created an OS that blends the traditional Windows 7—
style Desktop experience with some of the more progressive features of the Windows 8.x
Metro/Modern UL In particular, Microsoft brought the Start menu back with convic-
tion. They removed the much unloved Charms bar. Microsoft incorporated the essential
tools—Search being my go-to feature—into the desktop in the lower-left corner of the
taskbar. Figure 3-29 shows the Windows 10 interface with an active application in the
foreground.

When you press the winpows KEY on the keyboard, Windows 10 brings up the Start
menu with useful tools and your most used apps on the left and pinned apps on the right
(see Figure 3-30). Just like with Windows 8.1, you can click on the link helpfully named
All apps (bottom left) to open a list of installed applications. Right-click to pin any app
to the Start screen. Windows 10 altered the side-by-side app feature introduced in Win-
dows 8. Use the Windows key and right or left arrow key to flip an app to one side of the
screen. Do the same on another. Sweet!
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Click on the Windows 10 Task View button to create and manage multiple Desktops
for grouping your open applications. Mac OS X and Linux each have their own take on
this feature, as you'll see in the following sections.

Mac OS X

The Mac OS X operating system interface offers similar functions to those found on
Windows. The background of the main screen is called the Deskzop. You can access fre-
quently used applications by clicking on their icons on the Dock. Just like with the
taskbar pinned apps, you can add and remove apps from the Dock with a right-click.
The Dock is more than a set of apps, though. It also shows running applications (like the
taskbar in Windows). Figure 3-31 shows a typical Mac OS X interface.

Pressing the Mission Control button on an Apple keyboard (see Figure 3-32) brings
up a utility, called Mission Control, that enables you to switch between open applications,
windows, and more, as shown in Figure 3-33. You can also access Mission Control by
pressing and holding the control/ctrl key and pressing the up arrow key.

Menu bar for essential access to Time Machine (see Chapter 15, “Maintaining Macintosh hard
tools (see “Finder” discussion later and Optimizing Operating Systems,’ for full drive for access to
in the chapter) details on backing up files and folders) files and folders
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Figure 3-32
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Figure 3-33 Mission Control showing four open apps and nine Desktops

Mac OS X supports Spaces—essentially multiple Desktops—that can have different
backgrounds and programs (but keep the same Dock). You can optimize your workflow,
for example, by putting your primary program full screen on Desktop 1 and putting
your e-mail client on Desktop 2 (see Figure 3-34). New messages won't disturb you when
working, but you can access the second Desktop easily when you want with Mission
Control. On the latest versions of Mac OS X, press and hold the control key and press
the right arrow and left arrow keys to scroll through Spaces.

EXAMTIP Windows 10 supports multiple Desktops with Task View, but you
won't find support for that feature in earlier versions of Windows.
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Figure 3-34 Switching between multiple Desktops

Linux

The many different distributions of Linux offer a variety of user interfaces, called desktop
environments (DEs), but they offer similar functions to those in Windows or Mac OS X.
Figure 3-35 shows a popular Linux distro, Ubuntu Linux with the Unity DE, and notes
the various features. Frequently used utilities and applications are locked on the Launcher
on the left side of the screen. The top-left icon—the Ubuntu button—offers powerful
system/network/Internet searching, while the next icon down enables you to access files
and folders.

L3 ALTH

Ubuntu Emulator Online

Ubuntu.com has a fairly robust emulator for Ubuntu Linux that enables you to
poke around the desktop, check out settings and so forth. Try This! Open www
.ubuntu.com, type tour in the Search option on the page, and press ENTER. In
the search results, click on the first link to Take the tour. Have fun!

File Structures and Paths

Knowing where to find specific content—files and the folders in which they reside—
helps techs help users do their day-to-day tasks more efficiently. Almost every operating
system stores files in folders in a tree pattern. The root of the tree is the drive or disc,
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Figure 3-35 Ubuntu Linux

followed by a folder, subfolder, sub-subfolder, and so on, until you get to the desired file.
The drive or disc gets some designation, most usually a drive letzer like C:. Chapter 10,
“Implementing Hard Drives,” goes into gory detail on how modern operating systems
implement systems for storing data. This section is more dictated by CompTIA’s obses-
sion with requiring examinees to memorize paths.

Windows

Windows has a number of important folders that help organize your programs and docu-
ments. They sit in the roor directory—where the operating system is installed—and of
course they have variations depending on the version of Windows. The following sec-
tions walk through the locations of important folders.

Most users and techs access folders and files in Windows with a tool called Windows
Explorer in Windows Vista/7 and File Explorer in Windows 8/8.1/10—although you can
only see that difference in name by right-clicking on the Start button or by moving your
mouse over the folder icon in the taskbar (see Figure 3-36).

Figure 3-37 shows File Explorer viewing the Desktop in Windows 8. Select View to
change Folder Options, such as view hidden files, hide file extensions, general options,
and other view options.



Chapter3: The Visible Computer

75

Figure 3-36
Mousing over the
File Explorer icon

Home share View v @

) = 4 @+ THisPC b Desktop » Search Desitop o
‘.y( Favorites

[ Desktop

(E Recent places
j Downleads
4+ Dropbex

CrystalD!skInfoG Dlsk‘l [iisk 2 Dlsk3 New folder

& Google Drive
@) Creative Cloud Files ™~ g

1% DISC-DUPLICATOR b
1M TOTALFS3 |

18 UNITEDKINGDOM

1 NetBeans Projects totaltester \l'idpeo I:(Iayer ALUTOEXEC HWiNFOB4 HWINFOB4
1! GitHub =

| Graphics
0 Audio Lecturss

#@& CneDrive

July 13 LTT Met+ ufus-2.1 users
1% This PC Episode List

€ Network

14 itemns i=

Figure 3-37 File Explorer

The folder structures that follow here use the standard formatting for describing folder
structures. This is what you'll see on the 902 exam and in almost any OS. Windows
hides the “\” characters at the beginning to make it prettier. File Explorer might show
something like “Local Disk (C:) > Users > Mike.” This translates in proper fashion as C:\
Users\Mike.

C:\Program Files (All Versions) By default, most programs install some or all of
their essential files into a subfolder of the Program Files folder. If you installed a program,
it should have its own folder in here. Individual companies decide how to label their sub-
folders. Installing Photoshop made by Adobe, for example, creates the Adobe subfolder
and then an Adobe Photoshop subfolder within it.
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C:\Program Files (x86) The 64-bit editions of Windows create two directory
structures for program files. The 64-bit applications go into the C:\Program Files folder,
whereas the 32-bit applications go into the C:\Program Files (x86) folder. The separation
makes it easy to find the proper version of whatever application you seek.

Personal Documents Modern versions of Windows use subfolders of the C:\
Users folder to organize files for each user on a PC. Figure 3-38 shows the default folders
for a user named Mike. Let’s quickly survey the ones you need to know for the CompTIA
A+ exams:

o C:\Users\Mike\Desktop This folder stores the files on the user’s Desktop. If
you delete this folder, you delete all the files placed on the Desktop.

o C:\Users\Mike\Documents This is the Documents or My Documents folder
for that user. Only Windows 7 uses My Documents. The others use Documents.

o C:\Users\Mike\Downloads Microsoft’s preferred download folder for
applications to use. Most applications use this folder, but some do not.

o C:\Users\Mike\Music This is the default location for music you download.
My guess is that more people have music in iTunes, but that’s just me.

Home Share View

© v 1 | « Local Disk(Ci) » Users » Mike » v ¢ | SearchMike

7 Favorites
Bl Desktop
8 Downloads
% Recent places

. Documents Downloads
1™ This PC

Favol Links Music

BD &

Saved Games Searches Videos

Figure 3-38 File Explorer viewing Mike’s folders
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o C:\Users\Mike\Pictures Pictures is the default location for images imported
into the PC, although the Pictures library can (and does) draw from many folder
locations.

o C:\Users\Mike\Videos Videos is the default location for movies and
homebrewed videos imported into a PC.

Mac 0s X

Finder holds the keys to files and folders in Mac OS X. Figure 3-39 shows Finder open
to display Mike’s Users folder. Note that although its style differs from the Windows
screen earlier, it has functionally similar folders. These are the default locations for files
on the Desktop, in Documents, Downloads, Music, Pictures, and so on. Each user
account on the Mac will have a unique Users folder that is inaccessible by other users
on that computer.

e 3 Users
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Linux

Ready to be shocked? Not surprisingly, Linux uses pretty much the same structure for
user organization (see Figure 3-40). I guess once something seems logical to enough
people, there’s no reason to add confusion by changing the structure. The only major
difference is the name: Linux uses the Home folder, rather than the Users folder.

The Tech Launch Points

Every OS has two or three areas for tech-specific utilities. This section shows you how to
access those areas, primarily so that we don’t have to repeat the steps to get to them when
accessing them many times throughout the book. Just refer back to this section if you
have difficulty remembering how to arrive at a place later on. Also, CompTIA will test
your knowledge on how to access these tool locations, with specific steps. Use this section
for the last-minute cram before taking the exams.

EXAMTIP The 902 exam will test you on specific paths to specific tools. You
will get several of these questions as multiple-choice, scenario-based, or
both types of question.
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Figure 3-40 Home folder
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Windows Vista/7
Windows Vista/7 have three tech launch points: the Control Panel, System Tools, and
the command-line interface. You can get to each launch point in multiple ways.

Control Panel The Control Panel handles most of the maintenance, upgrade, and
configuration aspects of Windows. As such, the Control Panel is the first set of tools for
every tech to explore. You can find the Control Panel by clicking on the Start button and
choosing Control Panel from the Start menu.

The Control Panel opens in the Control Panel’s Category view by default, which dis-
plays the icons in groups like Hardware and Sound. See Figure 3-41. This view requires
an additional click (and sometimes a guess about which category includes the applet you
need), so many techs use Classic view.

The CompTIA A+ 902 exam specifically assumes Classic view with large icons, so you
should do what every tech does: switch from Category view to Classic view. In Windows
Vista, choose Classic View. In Windows 7, select either Large icons or Small icons from
the View by drop-down list for a similar effect. Figure 3-42 shows the Windows Vista
Control Panel in Classic view.

A large number of programs, called apples, populate the Control Panel. The names
and selection of applets vary depending on the version of Windows and whether any
installed programs have added applets. But all versions of Windows have applets that
enable you to control specific aspects of Windows, such as the appearance, installed

@Ov@ + Control Panel » - | 3 | | Search Control Panel o |
Adjust your computer's settings View by: Category ~

User Accounts and Family Safety

il  System and Security
Review your computer's status '@'Add OF EMOVE USEN aCCounts
Back up your computer

Find and fix problems
. Network and Internet
ﬁl View network status and tasks
“&2, Choose homegroup and sharing options

I Hardware and Sound
5 View devices and printers
| Add a device
oF Programs
k' Unirnstall a program

'@' Set up parental controls for any user

Appearance and Personalization
Change the theme

Change desktop background

Adjust screen resolution

Clock, Language, and Region
Change keyboards or other input metheds
Change display language

Ease of Access
Let Windows suggest settings
Optimize visual display

© F &

Figure 4-41 Windows 7 Control Panel (Category view)
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Figure 3-42 Windows Vista Control Panel (Classic view)

applications, and system settings. You will get details on each applet as we put them into
use over the course of this book.

System Tools The Start menu offers a variety of tech utilities collected in one place:
System Tools. In the System Tools menu, you'll find commonly accessed tools such as
System Information and Disk Defragmenter (see Figure 3-43).

Many techs overlook memorizing how to find the appropriate Windows tool to diag-
nose problems, but nothing hurts your credibility with a client like fumbling around,
clicking a variety of menus and applets, while mumbling, “I know it’s around here some-
where.” The CompTIA A+ certification 902 exam therefore tests you on a variety of
paths to appropriate tools.

To access System Tools in Windows Vista/7, go to Start | All Programs | Accessories |
System Tools. Each version of Windows shares many of the same tools, but each includes
its own utilities as well. Rather than go through every tool here, I'll discuss each in
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Figure 3-43
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detail during the appropriate scenarios in the book. Here’s one example that won't appear
again, Character Map.

Ever been using a program only to discover you need to enter a strange character
such as the euro character (€) but your word processor doesn’t support it? That's when
you need the Character Map. It enables you to copy any Unicode character into the
Clipboard (see Figure 3-44) and paste into your document. Unicode has all the special
symbols and alphabet characters used in languages throughout the world.

Command Line The Windows command-line interface is a throwback to how
Microsoft operating systems worked a long, long time ago when text commands were
entered at a command prompt. Figure 3-45 shows the command prompt from DOS, the
first operating system commonly used in PCs.

DOS is dead, but the command-line interface is alive and well in every version of
Windows. Every good tech knows how to access and use the command-line interface.
It is a lifesaver when the graphical part of Windows doesn't work, and it is often faster
than using a mouse if you're skilled at using it. An entire chapter (Chapter 16, “Work-
ing with the Command-Line Interface”) is devoted to the command line, but let’s look
at one example of what the command line can do. First, you need to get there. Click on
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Figure 3-44
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Figure 3-46 Command prompt in Windows Vista

the Start button, type cmd in the Search text box, and press the exTER key. Figure 3-46
shows a command prompt in Windows Vista.

Once at a command prompt, type dir and press ENTER. This command displays all the
files and folders in a specific directory—probably your user folder for this exercise—and
gives dates, times, folder names, and other information. The dir command is just one of
many useful command-line tools you'll learn about in this book.

Windows 8/8.1

Windows 8/8.1 have three tech tool starting points, but they differ a little from the big
three in Windows Vista/7. The newer versions feature the Control Panel, Administrative
Tools, and the command-line interface.

Control Panel The Control Panel in Windows 8/8.1 serves the same function as
in previous versions of Windows—the go-to source for tech tools. You can access the
Control Panel in several ways:

« Tap the down arrow on the lower right of the Start screen and scroll all the
way to the right in the list of Apps. In the Windows System category, click on
Control Panel (see Figure 3-47). That’s the slow way, but you should know it for
the exams. You can also start typing control panel in the Search field in the Apps
list. Control Panel will quickly appear as the best option to select.

« Right-click on the Start button and select Control Panel from the menu
(see Figure 3-48). You can bring up the same menu by pressing winDows KEy-x.
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I call this menu Zech Essentials because it gives you very quick access not only to
the Control Panel and its collection of tools but also to specific tools that every
tech relies on heavily, like the Task Manager (for forcing frozen programs to close,
among other things).

o In the Start screen, start typing control panel; the Control Panel will show up as
the top option in the Search charm (see Figure 3-49). Select it to open.
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Administrative Tools Microsoft beefed up Administrative Tools starting in Win-
dows 8, adding some of the tools found in the System Tools menu in previous versions
of Windows. Administrative Tools enables you to set up hard drives, manage devices, test
system performance, and much more. This is a go-to set of tools for every tech, and one
that we will access many times for scenarios in this book.

As with Control Panel, you have several options for accessing Administrative Tools:

o In the Start screen, click on the down arrow to open the Apps list. Scroll a little
to the right and you'll see the list of Administrative Tools (see Figure 3-50). Select
the specific tool you want to open.
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Figure 3-50 Administrative Tools in the Apps list

« Begin typing administrative tools in the Start screen and Administrative Tools
will quickly appear as an option in the Search charm (see Figure 3-51). Select it
to open.

o Right-click on the Start button (or press winpows kEy-x) and select Control
Panel from the context menu. In the Control Panel, select Administrative Tools
to open.

Command Line The command-line interface retains its place as a go-to tool for
techs. Windows 8/8.1 offers several ways to access it:

o Tap the down arrow on the lower right of the Start screen and scroll all the
way to the right in the list of Apps. In the Windows System category, click on
Command Prompt to open the utility. You can also start typing command
prompt in the Search field in the Apps list. Command Prompt will quickly
appear as the best option to select.

« Right-click on the Start button (or press winpows kEy-x) and select Command
Prompt from the context menu to open the command-line interface.

o In the Start screen, start typing cmd or command prompt and Command
Prompt will appear in the Search charm. Click on it to open it.
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Windows 10
Windows 10 keeps the Control Panel and command-line interfaces we see in earlier Win-
dows versions, but focuses on an expanded Settings app for day-to-day administration.

Control Panel Windows 10 offers two standard ways to get to the Control Panel.
Right-click on the Start button to open the Tech Essentials menu and select Control
Panel. Alternatively, you can click on the Start button to open the Metro/Modern Ul
interface, start typing control panel, and select Control Panel from the Search results.

Administrative Tools is still an important part of Windows 10, a set of utilities piled
together as a single Control Panel applet. You have the same options for accessing Admin-
istrative Tools in Windows 10 as listed in the prior section for Windows 8/8.1.

Settings App The Windows 10 Sezzings app combines a huge number of otherwise
disparate utilities, apps, and tools traditionally spread out all over your computer into
one fairly unified, handy Windows app (see Figure 3-52). Since the Settings app was
introduced in Windows 8, it has taken over more and more tasks from the Control Panel.
Expect it to grow as Windows 10 matures.
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Figure 3-52 Windows Settings app

Figure 3-53 il
Accessing Senther
Settings in Explore Windows

Windows 10

File Explorer

Get Started

To access the Setting app, press the WINDOWS KEY to access the Start menu. Select
Settings from the lower left to open the tool (see Figure 3-53).

Mac 0S5 X
Mac OS X has two key launch points for techs: the System Preferences app and the Utili-
ties folder. You can access both quickly.
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System Preferences To access System Preferences, click on the Apple (top-left cor-
ner of screen). Select System Preferences from the permanent Apple menu to open the
app (see Figure 3-54). From System Preferences you have access to almost all settings you
will need to administer a Mac OS X system.

Utilities Folder The second launch point is the Uzilities folder, located neatly in
the Applications folder. Because of its importance, Apple provides a quick shortcut to
access it. With the Finder in focus, click on Go on the menu bar and select Utilities
(see Figure 3-55). Alternatively, use the hot-key combination: commanD-su1FT-U. This
gives you access to the tools you need to perform services on a Mac beyond what’s
included in System Preferences, including Activity Monitor and Terminal. The latter

FigureT € Finder File Edit View m Window  Help
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Figure 3-56 f B o)

About This Computer

Accessing System
Settings

is the command-line interface for Mac OS X, a very powerful tool for techs that we
explore in dertail in Chapter 16.

Linux
An essential tool in Linux for techs is the command line, called Terminal. You can get
there in most distros by pressing cTRL-ALT-T. (See Chapter 16, “The Command-Line
Interface,” for a lot of details about essential Linux commands.)

Other launch points vary from distro to distro. Here are the locations of the launch
points for the three most common desktop environments.

Unity (Default for Ubuntu Desktop) Similar to Mac OS X, Unity has a central
application for managing common settings called System Sertings. To access System Set-
tings, click on the gear icon on the far right of the menu bar and select System Settings
(see Figure 3-56).

You can find settings and utilities not in the System Settings application with the rest
of the applications in the Dash. Click on the Ubuntu button at the top of the Launcher
(see Figure 3-57). From here you can search or browse for handy applications such as the
System Monitor or the always critical Terminal.

GNOME 3 (Default for Fedora Workstation, Red Hat Enterprise
Linux) If you have any experience with Ubuntu’s Unity, working with GNOME
3 should feel somewhat familiar because Unity is based on GNOME. Because of this
connection, the same applications are used to administer GNOME 3-based desktops,
although some of the names are different.

The first launch point is the All Settings application, which is practically the same as
System Settings in Unity. To access All Settings, click on the down arrow icon on the far
right of the menu bar and select the wrench and screwdriver icon (see Figure 3-58).

For other system utilities such as System Monitor or Terminal, click on the Activities
button on the far left of the menu bar. From here you can search for the utility from the
box at the top, or select the Show Applications grid icon from the bottom of the Dash on
the left side of the screen. This will open a menu showing all installed applications, and
within this list is a folder for Utdlities.
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Figure 3-57 Browsing through Dash applications

Figure 3-58
Accessing All
Settings

Connected »
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KDE Plasma Desktop (Default for OpenSUSE, Kubuntu)
“Choice!” could be the unofficial motto of Linux, and when you are working on a KDE-
based distro, you are certainly spoiled for choices. The downside to this abundance is that
the configuration utilities can vary among the different KDE-based distros.

The one thing that is the same in all the KDE-based distros is that everything you
need to work on the system is accessible from the Kickoff menu on the far left of the
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Figure 3-59 KDE Kickoff menu

Panel (see Figure 3-59). The Kickoff menu looks and works a lot like the Start menu in
Windows 7, so it should be relatively easy to navigate. Once in the Kickoff menu, you
can search for a needed utility or select the Applications tab at the bottom. From here,
most distros have a Utilities or System menu that holds all the key system configuration
and maintenance applications.

Chapter 3 Review

Questions

1. Which version of Windows introduced the Metro UT?
A. Windows 7
B. Windows 8
C. Windows 8.1
D. Windows 10
2. Which Windows 8 feature did Microsoft not include in Windows 102
A. Metro/Modern Ul
B. Start button
C. Control Panel
D. Charms bar
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. What Mac OS X feature is essentially multiple Desktops?

A. Charms

B. Desktop

C. Mission Control

D. Spaces

What is the default Ubuntu desktop environment?
A. Metro UI

B. Unity

C. KDE

D. GNOME 3

The user, Mike, has downloaded files with his Web browser. Where will they be
stored by defaule?

A. C:\Downloads

B. C:\Mike\Desktop\Downloads

C. C:\Users\Mike\Downloads

D. C:\Users\Mike\Desktop\Downloads

32-bit programs are installed into which folder by default in a 64-bit edition of
Windows?

A. C:\Program Files

B. C:\Program Files (x32)

C. C:\Program Files\Wins\Old

D. C:\Program Files (x86)

Which Mac OS X feature is functionally equivalent to Windows File Explorer?
A. Finder

B. Dock

C. Quartz

D. File Manager

Which of the following paths would open Administrative Tools in Windows 8.1?

A. Right-click the task bar and select Administrative Tools from the context
menu.

B. Right-click the Start button and select Administrative Tools from the context
menu.

C. Right-click anywhere on the desktop and select Administrative Tools from the
context menu.

D. Press the winpDows KEY-L combination to open Administrative Tools.
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9. What feature of Mac OS X is the equivalent of the command-line interface in
Windows?

A. Dock
B. Spaces
C. Terminal
D. Unity
10. What Windows app in Windows 10 combines many utilities into a unified tool?
A. Settings
B. Control
C. Command Center
D. Control Center

Answers

1. B. Microsoft introduced Metro UI with Windows 8.

2. D. Microsoft did not include the Charms bar in Windows 10. Bye!
3. D. Spaces is the term Apple uses for multiple Desktops in Mac OS X.
4. B. Ubuntu Linux uses the Unity DE by default.

5. C. The default download location in Windows is C:\Users\<user name>\
Downloads.

6. D. By default, 32-bit applications install into the C:\Program Files (x86) folder.
7. A. Finder is the equivalent of File Explorer.

8. B. To open Administrative Tools, right-click on the Start button and select
Administrative Tools. Easy!

9. C. Terminal is the equivalent of the Windows command-line interface.
10. A. The Settings app in Windows 10 offers many utilities in a unified interface.



(CHAPTER O
Microprocessors

In this chapter, you will learn how to
+ Identify the core components of a CPU
+ Describe the relationship of CPUs and memory
» Explain the varieties of modern CPUs
» Selectand install a CPU
» Troubleshoot CPUs

The central processing unit (CPU) does most of the calculations that make your com-
puter...well, a computer. The CPU, also known as a microprocessor, invariably hides on
the motherboard below a large heat sink and often a fan assembly as well. CPU makers
name their microprocessors in a fashion similar to the automobile industry: CPUs get
a make and a model, such as Intel Core i7 or AMD FX-8350 Black Edition. But what’s
happening inside the CPU to make it able to do the amazing things asked of it every time
you step up to the keyboard?

This chapter delves into microprocessors in detail. We'll first discuss how processors
work and the components that enable them to interact with the rest of the computer.
The second section describes how CPUs work with memory. The third section takes you
on a tour of modern CPUs. The fourth section gets into practical work, selecting and
installing CPUs. The final section covers troubleshooting CPUs in detail.

Historical/Conceptual

CPU Core Components

Although the computer might seem to act quite intelligently, comparing the CPU to a
human brain hugely overstates its capabilities. A CPU functions more like a very power-
ful calculator than like a brain—but, oh, what a calculator! Today’s CPUs add, subtract,
multiply, divide, and move billions of numbers per second. Processing that much infor-
mation so quickly makes any CPU look intelligent. It’s simply the speed of the CPU,
rather than actual intelligence, that enables computers to perform feats such as accessing
the Internet, playing visually stunning games, or editing photos.
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A good technician needs to understand some basic CPU functions to support com-
puting devices, so let’s start with an analysis of how the CPU works. If you wanted
to teach someone how an automobile engine works, you would use a relatively simple
example engine, right? The same principle applies here. Let’s begin our study of the CPU
with the granddaddy of all PC CPUs: the famous Intel 8088, invented in the late 1970s.
This CPU defined the idea of the modern microprocessor and contains the same basic
parts used in even the most advanced CPUs today.

The Man in the Box

Let’s begin by visualizing the CPU as a man in a box (see Figure 4-1). This is one clever
guy. He can perform virtually any mathematical function, manipulate data, and give
answers very quickly.

Figure 4-1 Imagine the CPU as a man in a box.

This guy is potentially very useful to us, but there’s a catcch—he lives closed up in a
tiny box. Before he can work with us, we must come up with a way to exchange informa-
tion with him (see Figure 4-2).

Imagine that we install a set of 16 light bulbs, 8 inside his box and 8 outside his box.
Each of the 8 light bulbs inside the box connects to one of the 8 bulbs outside the box
to form a pair. Each pair of light bulbs is always either on or off. You can control the
8 pairs of bulbs by using a set of 8 switches outside the box, and the Man in the Box can
also control them by using an identical set of 8 switches inside the box. This light-bulb
communication device is called the external data bus (EDB).

Figure 4-3 shows a cutaway view of the external data bus. When either you or the Man
in the Box flips a switch on, otk light bulbs go on, and the switch on the other side is
also flipped to the on position. If you or the Man in the Box turns a switch off, the light
bulbs on both sides are turned off, along with the other switch for that pair.
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We need some
way to talk to the guy
inside the box!

-~

Is anybody
\  out there?
s

Figure 4-2 How do we talk to the Man in the Box?

Can you see how this works? By creating on/off patterns with the light bulbs that rep-
resent different pieces of data or commands, you can send that information to the Man
in the Box, and he can send information back in the same way—assuming that you agree
ahead of time on what the different patterns of lights mean. To accomplish this, you need
some sort of codebook that assigns meanings to the many patterns of lights that the EDB
might display. Keep this thought in mind while we push the analogy a bit more.

Before going any further, make sure you're clear on the fact that this is an analogy, not
reality. There really is an EDB, but you won't see any light bulbs or switches on the CPU.

Figure 4-3 Cutaway of the external data bus—note that one light bulb pair is on.
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You can, however, see little wires sticking out of many CPUs (see Figure 4-4). If you
apply voltage to one of these wires, you in essence flip the switch. Get the idea? So if that
wire had voltage, and if a tiny light bulb were attached to the wire, that light bulb would
glow, would it not? By the same token, if the wire had no power, the light bulb would
not glow. That is why the switch-and-light-bulb analogy may help you picture these little
wires constantly flashing on and off.

Figure 4-4
Close-up of the
underside of a
CPU

Now that the EDB enables you to communicate with the Man in the Box, you need to
see how it works by placing voltages on the wires. This brings up a naming problem. It’s
a hassle to say something like “on-off-on-off-on-on-off-off” when talking about which
wires have voltage. Rather than saying that one of the EDB wires is on or off, use the
number 1 to represent on and the number 0 to represent off (see Figure 4-5). That way,
instead of describing the state of the lights as “on-off-on-off-on-on-off-off,” I can instead
describe them by writing “10101100.”

In computers, wires repeatedly turn on and off. As a result, we can use this “1 and
0,” or binary, system to describe the state of these wires at any given moment. (See, and
you just thought computer geeks spoke in binary to confuse normal people. Ha!) There’s
much more to binary numbering in computing, but this is a great place to start.

Registers

The Man in the Box provides good insight into the workspace inside a CPU. The EDB
gives you a way to communicate with the Man in the Box so you can give him work to
do. But to do this work, he needs a worktable; in fact, he needs at least four worktables.
Each of these four worktables has 16 light bulbs. These light bulbs are not in pairs;
they're just 16 light bulbs lined up straight across the table. Each light bulb is controlled
by a single switch, operated only by the Man in the Box. By creating on/off patterns like
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Figure 4-5 Here"1"means on,"0" means off.

the ones on the EDB, the Man in the Box can use these four sets of light bulbs to work
math problems. In a real computer, these worktables are called registers (see Figure 4-6)
and store internal commands and data.

Registers provide the Man in the Box with a workplace for the problems you give
him. All CPUs contain a large number of registers, but for the moment let’s concentrate
on the four most common ones: the general-purpose registers. Intel named them AX, BX,
CX, and DX.

Figure 4-6 The four general-purpose registers
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NOTE The 8088 was the first CPU to use the four AX-DX general-purpose
registers, and they still exist in even the latest CPUs. (But they have a lot
more light bulbs!) In 32-bit processors, the registers add an E for extended,
so EAX, EBX, and so on. The 64-bit registers get an R for ... | don't know, thus
RAX, RBX, and so on.

Great! We're just about ready to put the Man in the Box to work, but before you close
the lid on the box, you must give the Man one more tool. Remember the codebook I
mentioned earlier? Let’s make one to enable us to communicate with him. Figure 4-7
shows the codebook we'll use. We'll give one copy to him and make a second for us.

Figure 4-7
CPU codebook

8088 External Data Bys Codebook

LIGHTS MEANING

10000000 The next linejs 3 numbe

o Inei T, putitin the i
lm:ggg ;:Z nextling is a number;pulitinthegl)’l({rrgil::srr
oo o tﬁ: toIB)( and put the resy in AX
osediliy . n-.:;eureﬂof AX on the Externa| Data Bys
00000001 The number 1

00000010 The number 2

00000011 The number 3

00000100 The number 4

00000101 The number §

In this codebook, for example, 10000111 means Move the number 7 into the AX reg-
ister. These commands are called the microprocessor’s machine language. The commands
listed in the figure are not actual commands; as you've probably guessed, I've simplified
dramatically. The Intel 8088 CPU actually used commands very similar to these, plus a
few hundred others.

Here are some examples of real machine language for the Intel 8088:

10111010 The next line of code is a number. Put that number into the DX register.
01000001 Add 1 to the number already in the CX register.
00111100 Compare the value in the AX register with the next line of code.

By placing machine language commands—called /ines of code—onto the EDB one
at a time, you can instruct the Man in the Box to do specific tasks. All of the machine
language commands that the CPU understands make up the CPU’s instruction se.
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So here is the CPU so far: the Man in the Box can communicate with the outside
world via the EDB; he has four registers he can use to work on the problems you give
him; and he has a codebook—the instruction set—so he can understand the different
patterns (machine language commands) on the EDB (see Figure 4-8).

I'm ready to work!

Figure 4-8 The CPU so far

Clock

Okay, so you're ready to put the Man in the Box to work. You can send the first com-
mand by lighting up wires on the EDB. How does he know when you've finished setting
up the wires and it’s time to act?

Have you ever seen one of those old-time manual calculators with the big crank on
one side? To add two numbers, you pressed a number key, the + key, and another num-
ber key, but then to make the calculator do the calculation and give you the answer, you
had to pull down the crank. That was the signal that you had finished entering data and
instructions and were ready for the calculator to give you an answer.

A CPU also has a type of crank. To return to the Man in the Box, imagine there’s a bell
inside the box activated by a button on the outside of the box. Each time you press the
button to sound the bell, the Man in the Box reads the next set of lights on the EDB. Of
course, a real computer doesn’t use a bell. The bell on a real CPU is a special wire called
the clock wire (most diagrams label the clock wire CLK). A charge on the CLK wire tells
the CPU that another piece of information is waiting to be processed (see Figure 4-9).

For the CPU to process a command placed on the EDB, a certain minimum voltage
must be applied to the CLK wire. A single charge to the CLK wire is called a clock cycle.
Actually, the CPU requires at least two clock cycles to act on a command, and usually
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Figure 4-9 The CPU does nothing until activated by the clock.

more. Using the manual calculator analogy, you need to pull the crank at least twice
before anything happens. In fact, a CPU may require hundreds of clock cycles to process
some commands (see Figure 4-10).

I'm up!
Time to work!

Figure 4-10 The CPU often needs more than one clock cycle to get a result.

The maximum number of clock cycles that a CPU can handle in a given period of
time is referred to as its clock speed. The clock speed is the fastest speed at which a CPU
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can operate, determined by the CPU manufacturer. The Intel 8088 processor had a clock
speed of 4.77 MHz (4.77 million cycles per second), extremely slow by modern stan-
dards, but still a pretty big number compared to using a pencil and paper. CPUs today
run at speeds in excess of 3 GHz (3 billion cycles per second). You'll see these “hertz”
terms a lot in this chapter, so here’s what they mean:

1 hertz (1 Hz) = 1 cycle per second
1 megahertz (1 MHz) = 1 million cycles per second
1 gigahertz (1 GHz) = 1 billion cycles per second

A CPU'’s clock speed is its maximum speed, not the speed at which it must run. A CPU
can run at any speed, as long as that speed does not exceed its clock speed. Manufactur-
ers used to print the CPU’s clock speed directly onto the CPU, but for the past several
years they've used cryptic codes (see Figure 4-11). As the chapter progresses, you'll see
why they do this.

Figure 4-11
Where is the
clock speed?

INTEL(R) CORE™ i7-5820K
SR20S 3.30GHZ

MALAY

The system crystal determines the speed at which a CPU and the rest of the PC operate.
The system crystal is usually a quartz oscillator, very similar to the one in a wristwatch,
soldered to the motherboard (see Figure 4-12).

NOTE CPU makers sell the exact make and model of CPU at a number of
different speeds. All of these CPUs come off of the same assembly lines,

so why do they have different speeds? Every CPU comes with subtle
differences—flaws, really—in the silicon that makes one CPU run faster than
another. The speed difference comes from testing each CPU to see what
speed it can handle.
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Figure 4-12
One of many
types of system
crystals
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The quartz oscillator sends out an electric pulse at a certain speed, many millions
of times per second. This signal goes first to a clock chip that adjusts the pulse, usually
increasing the pulse sent by the crystal by some large muldiple. (The folks who make
motherboards could connect the crystal directly to the CPU’s clock wire, but then if
you wanted to replace your CPU with a CPU with a different clock speed, youd need
to replace the crystal too.) As long as the computer is turned on, the quartz oscilla-
tor, through the clock chip, fires a charge on the CLK wire, in essence pushing the
system along.

Visualize the system crystal as a metronome for the CPU. The quartz oscillator repeat-
edly fires a charge on the CLK wire, setting the beat, if you will, for the CPU’s activities.
If the system crystal sets a beat slower than the CPU’s clock speed, the CPU will work
just fine, though at the slower speed of the system crystal. If the system crystal forces the
CPU to run faster than its clock speed, it can overheat and stop working. Before you
install a CPU into a system, you must make sure that the crystal and clock chip send out
the correct clock pulse for that particular CPU. In the old days, this required very careful
adjustments. With today’s systems, the motherboard talks to the CPU. The CPU tells the
motherboard the clock speed it needs, and the clock chip automatically adjusts for the
CPU, making this process now invisible.

NOTE Aggressive users sometimes intentionally overclock CPUs by telling
the clock chip to multiply the pulse faster than the CPU’s designed speed.
They do this to make slower (cheaper) CPUs run faster and to get more
performance in demanding programs. See the “Overclocking” section, later
in this chapter.
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Back to the External Data Bus

One more reality check. We've been talking about tables with racks of light bulbs, but
of course real CPU registers don’t use light bulbs to represent on/1 and off/0. Registers
are tiny storage areas on the CPU made up of microscopic semiconductor circuits that
hold charges. It’s just easier to imagine a light bulb lit up to represent a circuit holding a
charge; when the light bulb is off, there is no charge.

Figure 4-13 is a diagram of an 8088 CPU, showing the wires that comprise the exter-
nal data bus and the single clock wire. Because the registers are inside the CPU, you can't
see them in this figure.

Figure 4-13
Diagram of
an Intel 8088
showing the
external data bus
and clock wires
- o328
S23
0
External _-g
data bus "
Clock —p =

Now that you have learned what components are involved in the process, try the
following simple exercise to see how the process works. In this example, you tell the CPU
to add 2 + 3. To do this, you must send a series of commands to the CPU; the CPU will act
on each command, eventually giving you an answer. Refer to the codebook in Figure 4-7
to translate the instructions you're giving the Man in the Box into binary commands.

Did you try it? Here’s how it works:

1. Place 10000000 on the external data bus (EDB).
2. Place 00000010 on the EDB.
3. Place 10010000 on the EDB.
4, Place 00000011 on the EDB.
5. Place 10110000 on the EDB.
6. Place 11000000 on the EDB.

When you finish step 6, the value on the EDB will be 00000101, the decimal
number 5 written in binary.

Congrats! You just added 2 + 3 by using individual commands from the codebook.
This set of commands is known as a program, which is a series of commands sent to a
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CPU in a specific order for the CPU to perform work. Each discrete setting of the EDB
is a line of code. This program, therefore, has six lines of code.

Memory

Now that you've seen how the CPU executes program code, let’s work backward in the
process for a moment and think about how the program code gets to the external data
bus. The program itself is stored on the hard drive. In theory, you could build a computer
that sends data from the hard drive directly to the CPU, but there’s a problem—the
hard drive is too slow. Even the ancient 8088, with its clock speed of 4.77 MHz, could
conceivably process several million lines of code every second. Modern CPUs crank out
billions of lines every second. Hard drives simply can't give the data to the CPU at a fast
enough speed.

Computers need some other device that takes copies of programs from the hard drive
and then sends them, one line at a time, to the CPU quickly enough to keep up with
its demands. Because each line of code is nothing more than a pattern of eight ones and
zeros, any device that can store ones and zeros eight-across will do. Devices that in any
way hold ones and zeros that the CPU accesses are known generically as memory.

Many types of devices store ones and zeros perfectly well—technically even a piece of
paper counts as memory—but computers need memory that does more than just store
groups of eight ones and zeros. Consider this pretend program:

L. Put 2 in the AX register.

2. Put 5 in the BX register.

3. If AX is greater than BX, run line 4; otherwise, go to line 6.
4. Add 1 o the value in AX.

5. Go back to line 1.

6. Put the value of AX on the EDB.

This program has an IF statement, also called a branch by CPU makers. The CPU
needs a way to address each line of this memory—a way for the CPU to say to the
memory, “Give me the next line of code” or “Give me line 6.” Addressing memory takes
care of another problem: the memory must store not only programs, but also the result
of the programs. If the CPU adds 2 + 3 and gets 5, the memory needs to store that 5 in
such a way that other programs may later read that 5, or possibly even store that 5 on a
hard drive. By addressing each line of memory, other programs will know where to find
the data.

Memory and RAM

Memory must store not only programs, but also data. The CPU needs to be able to read
and write to this storage medium. Additionally, this system must enable the CPU to
jump to any line of stored code as easily as to any other line of code. All of this must be
done at or at least near the clock speed of the CPU. Fortunately, this magical device has
existed for many years: random access memory (RAM). Chapter 5 develops the concept of
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RAM in detail, so for now let’s look at RAM as an electronic spreadsheet, like one you
can generate in Microsoft Excel (see Figure 4-14). Each cell in this spreadsheet can store
only a one or a zero. Each cell is called a 4iz. Each row in the spreadsheet is 8 bits across
to match the EDB of the 8088. Each row of 8 bits is called a &yze. In PCs, RAM transfers
and stores data to and from the CPU in byte-sized chunks. RAM is therefore arranged in
byte-sized rows. Here are the terms used to talk about quantities of bits:

« Any individual 1 or 0 = a bit

e 4 bits = a nibble

8 bits = a byte

e 16 bits = a word

32 bits = a double word

64 bits = a paragraph or quad word

Figure 4-14
RAM as a
spreadsheet
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The number of bytes of RAM varies from PC to PC. In earlier PCs, from around
1980 to 1990, the typical system would have only a few hundred thousand bytes of
RAM. Today’s systems often have billions of bytes of RAM.

Let’s stop here for a quick reality check. Electronically, RAM looks like a spreadsheet,
but real RAM is made of groups of semiconductor chips soldered onto small cards that
snap into your computer (see Figure 4-15). In Chapter 5, you'll see how these groups of
chips actually make themselves look like a spreadsheet. For now, don’t worry about real
RAM and just stick with the spreadsheet idea.

Figure 4-15 iy *
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Figure 4-16

The CPU accesses any one row of RAM as easily and as fast as any other row, which
explains the “random access” part of RAM. Not only is RAM randomly accessible, it’s
also fast. By storing programs on RAM, the CPU can access and run them very quickly.
RAM also stores any data that the CPU actively uses.

Computers use dynamic RAM (DRAM) for the main system memory. DRAM needs
both a constant electrical charge and a periodic refresh of the circuits; otherwise, it loses
data—that’s what makes it dynamic rather than static in content. The refresh can cause
some delays, because the CPU has to wait for the refresh to happen, but modern CPU
manufacturers have clever ways to get by this issue, as you'll see when you read about
modern processor technology later in this chapter.

Don’t confuse RAM with mass storage devices such as hard drives and flash drives. You
use hard drives and flash drives to store programs and data permanently. Chapters 9-11
discuss permanent storage in intimate detail.

Address Bus

So far, the entire PC consists of only a CPU and RAM. But the CPU and the RAM need
some connection so they can talk to each other. To do so, extend the external data bus
from the CPU so it can talk to the RAM (see Figure 4-16).

Extending the
EDB

External Data Bus

Wiait a minute. This is not a matter of just plugging the RAM into the EDB wires!
RAM is a spreadsheet with thousands and thousands of discrete rows, and you need to
look at the contents of only one row of the spreadsheet at a time, right? So how do you
connect the RAM to the EDB in such a way that the CPU can see any one given row but
still give the CPU the capability to look at 7y row in RAM? We need some type of chip
between the RAM and the CPU to make the connection. The CPU needs to be able to
say which row of RAM it wants, and the chip should handle the mechanics of retrieving
that row of data from the RAM and putting it on the EDB. Wouldn’t you know I just
happen to have such a chip? This chip comes with many names, but for right now just
call it the memory controller chip (MCC).

The MCC contains special circuitry so it can grab the contents of any single line of
RAM and place that data or command on the EDB. This in turn enables the CPU to act
on that code (see Figure 4-17).

Once the MCC is in place to grab any discrete byte of RAM, the CPU needs to be
able to tell the MCC which line of code it needs. The CPU therefore gains a second set



The MCC can
grab any byte of RAM
and place it on the external
data bus for the CPU
to read.

External Data Bus h

Figure 4-17 The MCC grabs a byte of RAM.

of wires, called the address bus, with which it can communicate with the MCC. Different
CPUs have different numbers of wires (which, you will soon see, is very significant). The
8088 had 20 wires in its address bus (see Figure 4-18).

Address Bus

‘‘‘‘‘

-

External Data Bus =

Figure 4-18 Address bus
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By turning the address bus wires on and off in different patterns, the CPU tells the
MCC which line of RAM it wants at any given moment. Every different pattern of ones
and zeros on these 20 wires points to one byte of RAM. There are two big questions
here. First, how many different patterns of on-and-off wires can exist with 20 wires? And
second, which pattern goes to which row of RAM?

How Many Patterns?

Mathematics can answer the first question. Each wire in the address bus exists in only
one of two states: on or off. If the address bus consisted of only one wire, that wire would
at any given moment be either on or off. Mathematically, that gives you (pull out your
old pre-algebra books) 2! = 2 different combinations. If you have two address bus wires,
the address bus wires create 22 = 4 different combinations. If you have 20 wires, you
would have 2% (or 1,048,576) combinations. Because each pattern points to one line of
code and each line of RAM is one byte, if you know the number of wires in the CPU’s
address bus, you know the maximum amount of RAM that a particular CPU can handle.

Because the 8088 had a 20-wire address bus, the most RAM it could handle was 2%,
or 1,048,576, bytes. The 8088, therefore, had an address space of 1,048,576 bytes. This
is not to say that every computer with an 8088 CPU had 1,048,576 bytes of RAM. Far
from it! The original IBM PC only had a measly 64 kilobytes—but that was considered
plenty back in the Dark Ages of Computing in the early 1980s.

Okay, so you know that the 8088 had 20 address wires and a total address space of
1,048,576 bytes. Although this is accurate, no one uses such an exact term to discuss the
address space of the 8088. Instead, you say that the 8088 had one megabyte (1 MB) of
address space.

What's a “mega”? Well, let’s get some terminology down. Dealing with computers
means constantly dealing with the number of patterns a set of wires can handle. Certain
powers of 2 have names used a lot in computing. The following list explains.

1 kilo = 2'° = 1024 (abbreviated as “K”)

1 kilobyte = 1024 bytes (abbreviated as “KB”)

1 mega = 2% = 1,048,576 (abbreviated as “M”)

1 megabyte = 1,048,576 bytes (abbreviated as “MB”)

1 giga = 2% = 1,073,741,824 (abbreviated as “G”)

1 gigabyte = 1,073,741,824 bytes (abbreviated as “GB”)

1 tera = 2%° = 1,099,511,627,776 (abbreviated as “T”)

1 terabyte = 1,099,511,627,776 bytes (abbreviated as “TB”)

1 peta = 2°° = 1,125,899,906,842,624 (abbreviated as “P”)

1 petabyte = 1,125,899,906,842,624 bytes (abbreviated as “PB”)
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1 kilo is nor equal to 1000 (one thousand)

1 mega is not equal to 1,000,000 (one million)

1 giga is not equal to 1,000,000,000 (one billion)

1 tera is not equal to 1,000,000,000,000 (one trillion)

1 peta is not equal to 1,000,000,000,000,000 (one quadrillion)

(But they are pretty close!)

NOTE Of course, 1 kilo is equal to 1000 when you talk in terms of the metric
system. It also means 1000 when you talk about the clock speed of a chip,
so 1 KHz is equal to 1000 Hz. When you talk storage capacity, though,

the binary numbers kick in, making 1 KB = 1024 bytes. Got it? This same
bizarre dual meaning applies all the way up the food chain, so 1 MHz is
1,000,000 Hz, but 1 MB is 1,048,576 bytes; 1 GHz is 1 billion Hz, but 1 GB is
1,073,741,824 bytes; and so on.

Some techs and standards bodies use slightly different prefixes for the
metric and binary numbering systems. In such a system, 1 K is a kilo, and
always means 1000. So 1 kilobyte (KB) is 1000 bytes. That’s the metric value.
To go binary, you'd use kibibytes (KiB). 1 KiB = 1024 bytes. The industry
standard is the one outlined in this chapter, however, and that’s what you'll
see on the CompTIA A+ exams.

Which Pattern Goes to Which Row?

The second question is a little harder: “Which pattern goes to which row of RAM?”
To understand this, let’s take a moment to discuss binary counting. In binary, only two
numbers exist, 0 and 1, which makes binary a handy way to work with wires that turn
on and off. Let’s try to count in binary: 0, 1...what’s next? It’s not 2—you can only use
zeros and ones. The next number after 1 is 10! Now let’s count in binary to 1000: 0, 1,
10, 11, 100, 101, 110, 111, 1000. Try counting to 10000. Don’t worry; it hardly takes
any time at all.

Super; you now count in binary as well as any math professor. Let’s add to the concept.
Stop thinking about binary for just a moment and think about good old base 10 (regu-
lar numbers). If you have the number 365, can you put zeros in front of the 365, like
this: 0003652 Sure you can—it doesn’t change the value at all. The same thing is true in
binary. Putting zeros in front of a value doesn’t change a thing! Let’s count again to 1000
in binary. In this case, add enough zeros to make 20 places:

00000000000000000000
00000000000000000001

m
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00000000000000000010
00000000000000000011
00000000000000000100
00000000000000000101
00000000000000000110
00000000000000000111
00000000000000001000

Hey, wouldn’t this be a great way to represent each line of RAM on the address bus? The
CPU identifies the first byte of RAM on the address bus with 00000000000000000000.
The CPU identifies the last RAM row with 11111111111111111111. When the CPU
turns off all of the address bus wires, it wants the first line of RAM; when it turns on
all of the wires, it wants the 1,048,576th line of RAM. Obviously, the address bus also
addresses all of the rows of RAM in between. So, by lighting up different patterns of ones
and zeros on the address bus, the CPU can access any row of RAM it needs.

NOTE Bits and bytes are abbreviated differently. Bits get a lowercase b,
whereas bytes get a capital B. So, for example, 4 Kb is four kilobits, but 4
KB is four kilobytes. The big-B little-b standard applies all the way up the
food chain, so 2 Mb = 2 megabits; 2 MB = 2 megabytes; 4 Gb = 4 gigabits;
4 GB = 4 gigabytes; and so on.

901

Modern CPUs

CPU manufacturers have achieved stunning progress with microprocessors since the
days of the Intel 8088, and the rate of change doesn’t show any signs of slowing. At the
core, though, today’s CPUs function similarly to the processors of your forefathers. The
arithmetic logic unit (ALU)—that’s the Man in the Box—still crunches numbers many
millions of times per second. CPUs rely on memory to feed them lines of programming
as quickly as possible.

This section brings the CPU into the present. We'll first look at models you can buy
today, and then we'll turn to essential improvements in technology you should understand.

Developers

When IBM awarded Intel the contract to provide the CPUs for its new IBM PC
back in 1980, it established for Intel a virtual monopoly on all PC CPUs. The other
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home-computer CPU makers of the time faded away: MOS Technology, Zilog, Mo-
torola—no one could compete directly with Intel. Over time, other competitors have
risen to challenge Intel’s market-segment share dominance. In particular, a company
called Advanced Micro Devices (AMD) began to make clones of Intel CPUs, creating an
interesting and rather cutthroat competition with Intel that lasts to this day.

NOTE The ever-growing selection of mobile devices, such as the Apple
iPhone and iPad, use a CPU architecture developed by ARM Holdings, called
ARM. ARM-based processors use a simpler, more energy-efficient design, the
reduced instruction set computing (RISC) architecture. They're not as raw
powerful as the Intel and AMD complex instruction set computing (CISC)
chips, but the savings in cost and battery life make ARM-based processors
ideal for mobile devices.

(Note that the clear distinction between RISC and CISC processors has
blurred. Each design today borrows features of the other design to increase
efficiency.)

ARM Holdings designs ARM CPUs but doesn’t manufacture them. Many
other companies—most notably, Samsung—Ilicense the design and
manufacture their own versions. Chapter 25 goes into more detail on ARM
processors.

Intel

Intel Corporation thoroughly dominated the personal computer market with its CPUs
and motherboard support chips. At nearly every step in the evolution of the PC, Intel
has led the way with technological advances and surprising flexibility for such a huge
corporation. Intel CPUs—and more specifically, their instruction sets—define the per-
sonal computer. Intel currently produces a dozen or so models of CPU for both desktop
and portable computers. Most of Intel’s desktop and laptop processors are sold under the
Core, Pentium, and Celeron brands. Their very low-power portable/smartphone chips
are branded Atom; their high-end server chips are called Xeon.

AMD

You can't really talk about CPUs without mentioning Advanced Micro Devices. AMD
makes superb CPUs for the PC market and provides competition that keeps Intel on
its toes. Like Intel, AMD doesn’t just make CPUs, but their CPU business is certainly
the part that the public notices. AMD has made CPUs that clone the function of Intel
CPUs. If Intel invented the CPU used in the original IBM PC, how could AMD make
clone CPUs without getting sued? Chipmakers have a habit of exchanging technologies
through cross-license agreements. Way back in 1976, AMD and Intel signed just such an
agreement, giving AMD the right to copy certain types of CPUs.

The trouble started with the Intel 8088. Intel needed AMD’s help to supply enough
CPUs to satisfy IBM’s demands. But after a few years, Intel had grown tremendously and
no longer wanted AMD to make CPUs. AMD said, “Too bad. See this agreement you
signed?” Throughout the 1980s and into the 1990s, AMD made pin-for-pin identical
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CPUs that matched the Intel lines of CPUs (see Figure 4-19). You could yank an Intel
CPU out of a system and snap in an AMD CPU—no problem!

Figure 4-19
Identical Intel
and AMD 486
CPUs from the
early 1990s

=

In January 1995, after many years of legal wrangling, Intel and AMD settled and decided
to end the licensing agreements. As a result of this settlement, AMD chips are no longer
compatible with sockets or motherboards made for Intel CPUs—even though in some
cases the chips look similar. Today, if you want to use an AMD CPU, you must purchase
a motherboard designed for AMD CPUs. If you want to use an Intel CPU, you must pur-
chase a motherboard designed for Intel CPUs. So you now have a choice: Intel or AMD.

Model Names
Intel and AMD differentiate product lines by using different product names, and these
names have changed over the years. For a long time, Intel used Pentium for its flag-
ship model, just adding model numbers to show successive generations—Pentium,
Pentium II, Pentium III, and so on. AMD used the Athlon brand in a similar fashion.
Most discussions on PC CPUs focus on four end-product lines: desktop PC, budget
PC, portable PC, and server computers. Table 4-1 displays many of the current product
lines and names.

Market Intel AMD
Mainstream and enthusiast desktop Core i7/i5/i3 A-Series, FX
Budget desktop Pentium, Celeron Sempron, Athlon
Portable/Mobile Core i7/i5/i3 (mobile), Core M, Atom A-Series

Server Xeon Opteron

Table 4-1 Current Intel and AMD Product Lines and Names

Both Intel and AMD reuse model names for products aimed at different markets.
Yesterday’s Pentium brand used to be for the highest end, for example, but now Intel uses
the brand for its budget market. The same thing happened to the Athlon brand. To add
a little more confusion, the budget CPUs are not the older CPUs still being sold, but
low-end versions of current model lines.
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Code Names

Both Intel and AMD continue to refine the CPU manufacturing process after releasing
a new model, but they try to minimize the number of model names in use. This means
that they release CPUs labeled as the same model, but the CPUs inside can be very dif-
ferent from earlier versions of that model. Both companies use code names to keep track
of different variations within models (see Figure 4-20). As a tech, you need to know both
the models and code names to be able to make proper recommendations for your clients.
One example illustrates the need: the Intel Core i7.

Figure 4-20
Same branding, I'm a Core i7!
but different
capabilities

True, but I'm
based on Sandy Bridge
and can compute circles
around you!

Intel released the first Core i7 in the summer of 2008. By spring of 2012, the original
microarchitecture—code-named Nehalem—had gone through five variations, none of
which worked on motherboards designed for one of the other variations. Plus, in 2011,
Intel introduced the Sandy Bridge version of the Core i7 that eventually had two desktop
versions and a mobile version, all of which used still other sockets. Just about every year
since then has seen a new Core i7 based on improved architectures with different code
names such as Ivy Bridge, Haswell, Broadwell, and so on. (And I'm simplifying the varia-
tions here.)

NOTE The processor number helps a lot when comparing processors once
you decode the meanings. We need to cover more about modern processors
before introducing processor numbers. Look for more information in the
next section, “Selecting a CPU!’

At this point, a lot of new techs throw their hands in the air. How do you keep up?
How do you know which CPU will give your customer the best value for his or her
money and provide the right computing firepower for his or her needs? Simply put, you
need to research efficiently.

Your first stop should be the manufacturers’ Web sites. Both companies put out a lot
of information on their products.

« www.intel.com

¢ www.amd.com
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You can also find many high-quality tech Web sites devoted to reporting on the lat-
est CPUs. When a client needs an upgrade, surf the Web for recent articles and make
comparisons. Because you'll understand the underlying technology from your CompTIA
A+ studies, you'll be able to follow the conversations with confidence. Here’s a list of
some of the sites I use:

« www.arstechnica.com
o www.anandtech.com
o www.tomshardware.com

» www.bit-tech.net
Finally, you can find great, exhaustive articles on all things tech at Wikipedia:

o www.wikipedia.org

NOTE Wikipedia is a user-generated, self-regulated resource. I've found it to
be accurate on technical issues the vast majority of the time, but you should
always check other references as well. Nicely, most article authors on the site
will tell you their sources through footnotes. You can often use the Wikipedia
articles as jump-off points for deeper searches.

Desktop versus Mobile

Mobile devices, such as portable computers, have needs that differ from those of desktop
computers, notably the need to consume as little electricity as possible. This helps in two
ways: extending battery charge and creating less heat.

Both Intel and AMD have engineers devoted to making excellent mobile versions of
their CPUs that sport advanced energy-saving features (see Figure 4-21). Intel’s Speed-
Step technology, for example, enables the CPU to run in very low power mode and scale
up automatically if the user demands more power from the CPU. If you're surfing the
Web at an airport terminal, the CPU doesn’t draw too much power. When you switch to
playing an action game, the CPU kicks into gear. Saving energy by making the CPU run
more slowly when demand is light is generically called #hrottling.

Figure 4-21

I'm a desktop , .
Desktop vs. Core 5! I'm I'm a Core i5, too,
mobile, fight! powerful but | use way less

electricity than you!

Many of the technologies developed for mobile processors have migrated into their
more power-hungry desktop siblings, too. That’s an added bonus for the planet.
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Technology

Although microprocessors today still serve the same function as the venerable 8088—
crunching numbers—they do so far more efficiently. Engineers have altered, enhanced,
and improved CPUs in a number of ways. This section looks at eight features:

o Clock multipliers

e 64-bit processing

e Virtualization support

o Parallel execution

¢ Multicore processing

o Integrated memory controller (IMC)

« Integrated graphics processing unit (GPU)
e Security

Clock Multipliers

All modern CPUs run at some multiple of the system clock speed. The system bus on my
Core i7 machine, for example, runs at 100 MHz. The clock multiplier goes up to x35
at full load to support the 3.4 GHz maximum speed. Originally, CPUs ran at the speed
of the bus, but engineers early on realized the CPU was the only thing doing any work
much of the time. If the engineers could speed up just the internal operations of the CPU
and not anything else, they could speed up the whole computing process. Figure 4-22

e (o
CPU-Z showing
Bedockpeed CPU | Caches | Mainboard | Memory | sPD | Graphics | Bench | About |
2 [~ Processor !
multiplier, and i Name | Intel Care i7 2600K P
bus speed of a CodeName | SandyBridge  MaxTDP [85.0W "mtel inside"
Core i7 processor Package | Socket 1155 LGA L=
hardly breaking a Technology | 32nm  Core Voltage | 1.032V CORE i7
e Spedfication | Intel(R) Core(TM) i7-2600K CPU @ 3.40GHz
Family | 6 Model | A Stepping | 7
Ext. Family [ s " Ext. Model ’_55_1_ Revision |_b_2_

Instructions Eﬂgi[éé&'ééei SSE3, SSSE3, SSE4. 1, SSE4.2, EM64T, VT-x,

¥

Eeks (Core #0) - ~Cache
Core Speed | 1605.35MHz LiData | 4x32KBytes | 8-way
Multiplier | x 16.0 (16-38) 1Inst. | 4x32KBytes | B-way
BusSpeed | 100.30 MHz evel 2 | 4x256KBytes | 8-way
Rated FsB Level 3 8 MBytes 16-way
N — ]

| Selection |Processor #1 J Cores | 4 Threads | 8

CPU-Z ver.1.73.0x64 Tools || vaidate Close
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shows a nifty program called CPU-Z displaying my CPU details. Note that all I'm doing
is typing at the moment, so SpeedStep has dropped the clock multiplier down to x16 and
the CPU core speed is only 1600 MHz.

LsALTH

(PU-Z

Imagine a scenario where you're dumped into an office full of unfamiliar PCs.
There’s no documentation about the systems at all, so your boss tells you to
get cracking and find out as much as possible about each PC ASAP. Try This!
Download a copy of the very popular and free CPU-Z utility from www.cpuid
.com. CPU-Z gives you every piece of information you'll ever want to know
about a CPU. Copy it to a thumb drive, then insert it into a bunch of different
computers. (Ask permission, of course!) What kinds of processors do you find in
your neighbors’ computers? What can you tell about the different capabilities?

The clock speed and the multiplier on early clock-multiplying systems had to be
manually configured via jumpers or dual in-line package (DIP) switches on the moth-
erboard (see Figure 4-23). Today’s CPUs report to the motherboard through a function
called CPUID (CPU identifier), and the speed and multiplier are set automatically. (You
can manually override this automatic setup on many motherboards. See “Overclocking,”
later in this chapter, for details.)

Figure 4-23
DIP switches on a
motherboard

64-Bit Processing
Over successive generations of microprocessors, engineers have upgraded many physical
features of CPUs. The EDB gradually increased in size, from 8- to 16- to 32- to 64-bits
wide. The address bus similarly jumped, going from 20- to 24- to 32-bits wide (where it
stayed for a decade).

The technological features changed as well. Engineers added new and improved
registers, for example, that used fancy names like multimedia extensions (MMX) and
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Streaming SIMD Extensions (SSE). A mighty shift started several years ago and contin-
ues to evolve: the move to 64-bit computing.

Most new CPUs support 64-bit processing, meaning they can run a compatible 64-bit
operating system, such as Windows 8.1, and 64-bit applications. They also support 32-
bit processing for 32-bit operating systems, such as some Linux distributions, and 32-bit
applications. The general-purpose registers also make the move up to 64-bit. The pri-
mary benefit to moving to 64-bit computing is that modern systems can support much
more than the 4 GB of memory supported with 32-bit processing.

With a 64-bit address bus, CPUs can address 2% bytes of memory, or more precisely,
18,446,744,073,709,551,616 bytes of memory—that’s a lot of RAM! This number is so
big that gigabytes and terabytes are no longer convenient, so we now go to an exabyte
(2%0), abbreviated EB. A 64-bit address bus can address 16 EB of RAM.

In practical terms, 64-bit computing greatly enhances the performance of programs
that work with large files, such as video-editing applications. You'll see a profound
improvement moving from 4 GB to 8 GB or 16 GB of RAM with such programs.

x86 The terminology of CPUs can trip up new techs, so here’s the scoop. CPUs from the
early days can be lumped together as x86 CPUs, because they used an instruction set that
built upon the earliest Intel CPU architecture. The Intel Core 2 Duo, for example, could
run a program written for an ancient 80386 processor that was in fashion in the early 1990s.

X64 When the 64-bit CPUs went mainstream, marketing folks needed some way to
mark applications, operating systems, and so on, such that consumers could quickly tell
the difference between something compatible with their system or something not com-
patible. Since you generally cannot return software after you open it, this is a big deal.
The marketing folks went with x64, and that created a mess.

x86-64 The earlier 32-bit stuff had been marketed as x86, not x32, so now we have
x86 (old, 32-bit stuff) vs. x64 (new, 64-bit stuff). It’s not pretty, but do you get the dif-
ference? To make matters even worse, however, x64 processors quite happily handle x86
code and are, by definition, x86 processors too! It’s common to marry the two terms and
describe current 64-bit CPUs as x86-64 processors.

Virtualization Support

Intel and AMD have built in support for running more than one operating system at a
time, a process called virtualization. Virtualization is very cool and gets its own chapter
later in the book (Chapter 18), so I'll skip the details here. The key issue from a CPU
standpoint is that virtualization used to work entirely through software. Programmers
had to write a ton of code to enable a CPU—which was designed to run one OS at a
time—to run more than one OS at the same time. Think about the issues involved. How
does the memory get allocated, for example, or how does the CPU know which OS to
update when you type something or click an icon? With hardware-based virtualization
support, CPUs took a lot of the burden off the programmers and made virtualization a
whole lot easier.

Parallel Execution
Modern CPUs can process multiple commands and parts of commands in parallel,
which is known as parallel execution. Early processors had to do everything in a strict,

119
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linear fashion. The CPUs accomplish this parallelism through multiple pipelines, dedi-
cated caches, and the capability to work with multiple threads or programs at one time.
To understand the mighty leap in efficiency gained from parallel execution, you need
insight into the processing stages.

Pipelining To get a command from the data bus, do the calculation, and then get
the answer back out on the data bus, a CPU takes at least four steps (each of these steps
is called a stage):

1. Fetch Get the data from the EDB.

2. Decode Figure out what type of command needs to be executed.
3. Execute Perform the calculation.

4. Write Send the data back onto the EDB.

Smart, discrete circuits inside the CPU handle each of these stages. In early CPUs,
when a command was placed on the data bus, each stage did its job and the CPU handed
back the answer before starting the next command, requiring at least four clock cycles
to process a command. In every clock cycle, three of the four circuits sat idle. Today, the
circuits are organized in a conveyer-belt fashion called a pipeline. With pipelining, each
stage does its job with each clock-cycle pulse, creating a much more efficient process. The
CPU has multiple circuits doing multiple jobs, so let’s add pipelining to the Man in the
Box analogy. Now, it's Men in the Box (see Figure 4-24)!

Pipelines keep every stage of the processor busy on every click of the clock, making a
CPU run more efficiently without increasing the clock speed. Note that at this point, the
CPU has four stages: fetch, decode, execute, and write—a four-stage pipeline. No CPU
ever made has fewer than four stages, but advancements in caching (see “Cache,” next)
have increased the number of stages over the years. Current CPU pipelines contain many
more stages, up to 20 in some cases.

Pipelining isn’t perfect. Sometimes a stage hits a complex command that requires
more than one clock cycle, forcing the pipeline to stop. Your CPU tries to avoid these
stops, or pipeline stalls. The decode stage tends to cause the most pipeline stalls; certain
commands are complex and therefore harder to decode than other commands. Current
processors use multiple decode stages to reduce the chance of pipeline stalls due to com-
plex decoding.

The inside of the CPU is composed of multiple chunks of circuitry to handle the
many types of calculations your PC needs to do. For example, one part, the arithmetic
logic unit (ALU) (or integer unit), handles integer math: basic math for numbers with no
decimal point. A perfect example of integer math is 2 + 3 = 5. The typical CPU spends
most of its work doing integer math. CPUs also have special circuitry to handle complex
numbers, called the floating point unit (FPU). With a single pipeline, only the ALU or
the FPU worked at any execution stage. Worse yet, floating point calculation often took
many, many clock cycles to execute, forcing the CPU to stall the pipeline until the FPU
finished executing the complex command (see Figure 4-25). Current CPUs offer mul-
tiple pipelines to keep the processing going (see Figure 4-26).
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Figure 4-25 Bored integer unit
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Figure 4-26 Multiple pipelines

Cache When you send a program to the CPU, you actually run lots of little programs
all at the same time. Okay, let’s be fair here: yox didn’t run all of these little programs—
you just started your Web browser or some other program. The moment you double-
clicked that icon, Windows started sending many programs to the CPU. Each of these
programs breaks down into some number of little pieces, called #hreads, and data. Each
thread is a series of instructions designed to do a particular job with the data.

Modern CPUs don't execute instructions sequentially—first doing step 1, then step 2,
and so on—but rather process all kinds of instructions. Most applications have certain
instructions and data that get reused, sometimes many times.

Pipelining CPUs work fantastically well as long as the pipelines stay filled with
instructions. Because the CPU runs faster than the RAM can supply it with code, you'll
always get pipeline stalls—called wait state—because the RAM can’t keep up with the
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CPU. To reduce wait states, CPUs come with built-in, very high-speed RAM called static
RAM (SRAM). This SRAM preloads as many instructions as possible and keeps copies
of already-run instructions and data in case the CPU needs to work on them again (see
Figure 4-27). SRAM used in this fashion is called a cache.

Address Bus

RAM
=

We're ready for the

next line of code...

oh look, it's right

here in our cache!

Good thing, too, because
going all the way out to RAM
would take forever!

Figure 4-27 SRAM cache

The SRAM cache inside the early CPUs was tiny, only about 16 KB, but it improved
performance tremendously. In fact, it helped so much that many motherboard makers
began adding a cache directly to the motherboards. These caches were much larger, usu-
ally around 128 to 512 KB. When the CPU looked for a line of code, it first went to the
built-in cache; if the code wasn't there, the CPU went to the cache on the motherboard.
The cache on the CPU was called the LI cache because it was the one the CPU first tried
to use. The cache on the motherboard was called the L2 cache, not because it was on the
motherboard, but because it was the second cache the CPU checked.

Eventually, engineers took this cache concept even further and added the L2 cache
onto the CPU package. Most newer CPUs include three caches: an L1, an L2, and an L3
cache (see Figure 4-28).
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The L2 cache on the early CPUs that had L2 cache included on the CPU package ran
at a slower clock speed than the L1 cache. The L1 cache was in the CPU and thus ran at
the speed of the CPU. The L2 cache connected to the CPU via a tiny set of wires on the
CPU package. The first L2 caches ran at half the speed of the CPU.

The inclusion of the L2 cache on the chip gave rise to some new terms to describe the
connections between the CPU, MCC, RAM, and L2 cache. The address bus and external
data bus (connecting the CPU, MCC, and RAM) were lumped into a single term called
the frontside bus, and the connection between the CPU and the L2 cache became known
as the backside bus (see Figure 4-29). (These terms don’t apply well to current computers,
so they have fallen out of use. See the “Integrated Memory Controller” section, later in
this chapter.)

NOTE To keep up with faster processors, motherboard manufacturers began
to double and even quadruple the throughput of the frontside bus. Techs
sometimes refer to these as double-pumped and quad-pumped frontside
buses.

EXAMTIP Typically, the CompTIA A+ exams expect you to know that L1
cache will be the smallest and fastest cache; L2 will be bigger and slower
than L1; and L3 will be the biggest and slowest cache. (This is not completely
true anymore, with L1 and L2 running the same speed in many CPUs, but it is
how it will appear on the exams.)
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Figure 4-29 Frontside and backside buses

Multithreading At the peak of the single-CPU 32-bit computing days, Intel
released a CPU called the Pentium 4 that took parallelism to the next step with Hyper-
Threading. Hyper-Threading enabled the Pentium 4 to run multiple threads at the same
time, what's generically called simultaneous multithreading, effectively turning the CPU
into two CPUs on one chip—with a catch.

Figure 4-30 shows the Task Manager in an ancient Windows XP computer on a sys-
tem running a Hyper-Threaded Pentium 4. Note how the CPU box is broken into two
groups—Windows thinks this one CPU is two CPUs.

Figure 4-30 £ Windows Task Manager g@] ﬁ|
Windows T:?sk Fle: Ophors Wiew: Helb
Manager with
the Performance | Applications | Processes
tab displayed CPU Usage CPU Usage History |
for a system !
running a |
|
Hyper-Threaded |
Pentium 4
PF Usage Page File Usage History
|
Totals Physical Memory (K) |
Handles 8910 Total 2096620
Threads 452 Available 1607396
Processes 39 System Cache 435288
Commit Charge (K) Kernel Memory (K)
Total 343300 Total 61354
Linnit 4038628 Paged 44760
Peak. 358244 Nonpaged 16624

Processes: 39 CPU Usage: 0% Commit Charge: 335M [ 3943M
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Multithreading enhances a CPU’s efficiency, but with a couple of limitations. First,
the operating system and the application have to be designed to take advantage of the
feature. Second, although the CPU simulates the actions of a second processor, it doesn’t
double the processing power, because the main execution resources are not duplicated.

SIM This is a great time to head over to the Chapter 4 Show! and Click! sims
. to see how to download and use the CPU-Z utility. Head over to totalsem
E'rj .com/90x and check out the “What is CPU-Z" sim.

Multicore Processing

CPU clock speeds hit a practical limit of roughly 4 GHz around 2002-2003, motivating
the CPU makers to find new ways to get more processing power for CPUs. Although
Intel and AMD had different opinions about 64-bit CPUs, both decided at virtually the
same time to combine two CPUs (or cores) into a single chip, creating a dual-core archi-
tecture. A dual-core CPU has two execution units—two sets of pipelines—but the two
sets of pipelines share caches and RAM.

Today, multicore CPUs—with four, six, or eight cores—are common. With each gen-
eration of multicore CPU, both Intel and AMD have tinkered with the mixture of how
to allocate the cache among the cores. Figure 4-31 shows another screenshot of CPU-Z,
this time displaying the cache breakdown of a Haswell-based Core i7.

Figure 4-31
CPU-Z showing & cruz - X
the cache details CPU  Caches | Mainboard | Memory | SPD | Graphics | Bench | About |
of a Haswell L1D-Cache
Corei7 Size |32KBytes | x6
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Size |32KBytes [ X6
Descriptor |8wav set assodative, 64-bvte line size
~L2 Cache
Size | 256 KBytes | X6
Descriptor | 8-way set assodiative, 64-byte line size
~L3 Cache
Size |15MBytes |

Descriptor | 20-way set associative, 64-byte line size

Descriptor

Speed

B —r
[
|

CPU-Z ver. 1.73.0.x64 Tools |¥ Validate Close
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Figure 4-31 reveals specific details about how this Intel CPU works with the cache.
The Core i7 has L1, L2, and L3 caches of 64 KB, 256 KB, and 15 MB, respectively.
(The L1 cache divides into 32 KB to handle data—the D-Cache—and another 32 KB for
instructions—the /-Cache.) Each core has dedicated L1 and L2 caches. (You can tell this
by the x6 to the right of the capacity listing.) All six cores share the giant L3 cache. That
pool of memory enables the cores to communicate and work together without having to
access the radically slower main system RAM as much. CPU manufacturers engineered
the cores in multicore CPUs to divide up work independently of the OS, known as mul-
ticore processing. This differs from Hyper-Threading, where the OS and applications have
to be written specifically to handle the multiple threads. Note that even with multicore
processors, applications have to be modified or optimized for this parallelism to have a
huge impact on performance.

Integrated Memory Controller

Almost all current microprocessors have an integrated memory controller (IMC), moved
from the motherboard chip into the CPU to optimize the flow of information into and
out from the CPU. An IMC enables faster control over things like the large L3 cache
shared among multiple cores.

Just like in so many other areas of computing, manufacturers implement a variety of
IMC:s in their CPUs. In practice, this means that different CPUs handle different types
and capacities of RAM. I'll save the details on those RAM variations for Chapter 5. For
now, add “different RAM support” to your list of things to look at when making a CPU
recommendation for a client.

Integrated Graphics Processing Unit

As you'll read about in much more detail in Chapter 19, the video-processing portion
of the computer—made up of the parts that put a changing image on the monitor—
traditionally has a discrete microprocessor that differs in both function and architecture
from the CPUs designed for general-purpose computing. The generic term for the video
processor is a graphics processing unit (GPU). T'll spare you the details until we get to video
in Chapter 19, but it turns out that graphics processors can handle certain tasks much
more efficiently than the standard CPU. Integrating a GPU into the CPU enhances the
overall performance of the computer while at the same time reducing energy use, size,
and cost. With the proliferation of mobile devices and portable computers today, all of
these benefits have obvious merit.

Both Intel and AMD produce CPUs with integrated GPUs. For many years, the
quality of the GPU performance with demanding graphical programs like games made
the choice between the two easy. The Intel HD Graphics and Intel Iris Pro Graphics inte-
grated into many Core i3/i5/i7 processors pale in comparison with the AMD accelerated
processing unit (APU), such as the AMD A10. AMD bought one of the two dedicated
GPU manufacturers—ATI—years ago and used their technology for microprocessors
with integrated CPU and GPU. (The Xbox One and PlayStation 4 gaming systems,
for example, use AMD APUs.) Intel is slowly closing the gap, but isn’t there as of this
writing.
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Security

All modern processors employ the NX bit technology that enables the CPU to protect
certain sections of memory. This feature, coupled with implementation by the operating
system, stops malicious attacks from getting to essential operating system files. Microsoft
calls the feature Data Execution Prevention (DEP), turned on by default in every OS
since Windows XP (see Figure 4-32).

Figure 4-32
DEP in
Windows 8.1 | visual Effects | Advanced | Data Execution Prevention

Data Execution Prevention (DEP) helps protect
against from viruses and other security
threats. How does it work?

(®) Turn on DEP for essential Windows programs and services
only

(O Turn on DEP for all programs and services except those I
select:

[202
_:\‘n:n

Add... Remove

Your computer's processor supports hardware-based DEP.

The bad news for you is that everybody calls the NX bit technology something dif-
ferent:
e Intel: XD bit (eXecute Disable)
o AMD: Enhanced Virus Protection
o« ARM: XN (eXecute Never)
o CompTIA: Disable execute bit
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Selecting and Installing CPUs

Now that you know how CPUs work, it’s time to get practical. This last section discusses
selecting the proper CPU, installing several types of processors, and troubleshooting the
few problems techs face with CPUs.

Selecting a CPU

When selecting a CPU, you need to make certain you get one that the motherboard can
accommodate. Or, if you're buying a motherboard along with the CPU, then get the
right CPU for the intended purpose. Chapter 12 discusses computer roles and helps you
select the proper components for each role. You need to have a lot more knowledge of all
the pieces around the CPU to get the full picture, so we'll wait until then to discuss the
“why” of a particular processor. Instead, this section assumes you're placing a new CPU
in an already-acquired motherboard. You need to address two key points in selecting a
CPU that will work. First, does the motherboard support Intel or AMD CPUs? Second,
what socket does the motherboard have?

To find answers to both those questions, you have two sources: the motherboard book
or manual and the manufacturer’s Web site. Figure 4-33 shows a manual for an Asus
motherboard open to reveal the supported processors and the socket type.

Figure 4-33
Supported o o
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Just as Intel and AMD make many types of CPUs, motherboards are manufactured
with various different types of sockets. The CompTIA A+ exams expect you to know
which sockets go with which family of CPU. Table 4-2 charts the important Intel ones;
Table 4-3 lists the AMD-based sockets. I would show you all the pictures, but, frankly,
CPU sockets aren't the sexiest part of the computer.

EXAMTIP I've included the number of socket pins for the AMD-based
sockets because related questions have been on the CompTIA A+
certification exams in the past. You don’t need to memorize the Intel
numbers, because Intel names the sockets by the number of pins.
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Socket CcPU

LGA 775" Pentium 4, Celeron, Pentium 4 Extreme Edition,
Core 2 Duo, Core 2 Quad, Xeon, and many
others

LGA 11562 Core i3/i5/i7, Pentium, Celeron, Xeon

LGA 1155° Core i3/i5/i7, Pentium, Celeron, Xeon

LGA 1366* Core i7, Xeon, Celeron

LGA 2011° Core i7, Core i7 Extreme Edition, Xeon

LGA 1150° Core i3/i5/i7, Pentium, Celeron, Xeon

LGA 11517 Core i3/i5/i7, Pentium, Celeron, Xeon

'The LGA 775 socket was the only desktop or server socket used for many years by Intel and thus just about every branded
Intel CPU used it at one time or another.

*Socket LGA 1156 CPUs are based on the pre-5andy Bridge architecture.

* Socket LGA 1155 CPUs are based on Sandy Bridge or vy Bridge architecture.

*The very first Core i7 processors used LGA 1366. Socket 1366 does not support integrated graphics.

% Intel uses LGA 2011 for several generations of Core i7 and Core i7 Extreme Edition CPUs. Socket 2011 does not support
integrated graphics. Plus, the retail version does not come with an OEM fan and heat-sink assembly. You need to buy that
separately.

% Socket 1150 CPUs are based on Haswell or Broadwell architecture.

7 Socket 1151 CPUs are based on Skylake architecture. Intel had just started releasing the first of these as we went to print.
Skylake will not be on the 901 exam.

Table 4-2 Intel-based Sockets

Socket Pins CPU

AM3! 941 Phenom II, Athlon II, Sempron,
Opteron

AM3+ 942 FX

FM1 905 A-Series?

FM2 904 A-Series

FM2+ 906 A-Series

G34 1974 Opteron

C32 1207 Opteron

'The names of some of the processors designed for Socket AM3 match the names of CPUs designed for earlier sockets, but
they’re not the same CPUs. They are specific to AM3 because they support different types of RAM (see Chapter 5). Just to
make things even crazier, though, AM3 CPUs work just fine in earlier Socket AM2/2+ motherboards.

2The A-Series features integrated GPUs and other chips.

Table 4-3 AMD-based Sockets
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Deciphering Processor Numbers
Intel and AMD use different processor numbering schemes that help you compare mul-
tiple CPUs with similar names, such as Core i5. Intel’s system is pretty straightforward;
AMD’s is muddled. Here’s the scoop on both.

Intel processor numbers follow a very clear pattern. An Intel Core i7 5775 C proces-
sor, for example, maps out like this:

¢ Intel Core = brand
¢ i7 = brand modifier

5 = generation
775 = SKU numbers

C = alpha suffix (C indicates that it’s a desktop processor with integrated
graphics, socket LGA 1150)

Contrast the previous processor with an Intel Core i7 5950 H Q, where the numbers
map like this:
¢ Intel Core = brand
o i7 = brand modifier
¢ 5 = generation
¢ 950 = SKU numbers
o HQ = alpha suffix (HQ indicates that it’s a mobile quad-core processor with
integrated graphics)
AMD started out loving techs. Here’s the breakdown for an AMD FX-8350:

¢ AMD = brand
o FX = product line
o 8 = series and number of processing cores

3 = generation (higher number means it’s more refined)
e 50 = model number (higher number means it’s faster)

With their A-Series, though, AMD fell a little out of love. Here’s the breakdown for
an AMD A10-6800K:

¢ AMD = brand
o Al10 = product line

e 6 = generation (higher number means it’s more refined, usually, though not
always)

« 800 = model number (higher number means it’s faster)
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o K = suffix (K means that the processor has an unlocked core, designed to make
overclocking easier; no suffix means it’s a locked desktop core; M suffix denotes
mobile version)

Note that none of the A-Series processor numbers tell you how many cores

the CPU has. Most of the desktop versions have four cores. Portable and low-
powered versions (E- and C-series) have one or two cores. You have to read the
packaging or search online for confirmation with any given processor.

It’s a lot to take in, especially for new techs. The good news is you won’t find
product numbers on the CompTIA A+ exams. The other good news is that
you can refer to the this section (and the Internet) to help you choose the right
processor for your customer/user. The bad news is that it’s complicated.

Installation Issues

When installing a CPU, you need to use caution with the tiny pins. Plus, you must make
certain that the power supply can supply enough electricity for the processor to function
along with all the other components on the computer. You have to provide adequate cool-
ing. Finally, you can decide whether to leave the CPU at stock settings or overclock it.

Socket Types

When installing a CPU, you need to exercise caution not to bend any of the tiny pins.
The location of the pins differs between Intel and AMD. With Intel-based mother-
boards, the sockets have hundreds of tiny pins that line up with contacts on the bottom
of the CPU (see Figure 4-34). Intel CPUs use a land grid array (LGA) package for sock-
eted CPUs, where the underside of the CPU has hundreds of contact points that line up
with the socket pins.

Figure 4-34
Intel-based
socket with pins
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AMD CPUs have the pins (see Figure 4-35); the sockets have holes. The pins on the
AMD pin grid array (PGA) CPUs align with the holes in the sockets.

Figure 4-35
AMD-based
socket without
pins

All CPUs and sockets are keyed so you cant (easily) insert them incorrectly. Look at
the underside of the CPU in Figure 4-36 (left). Note that the pins do not make a perfect
square, because a few are missing. Now look at the top of the CPU (right). See the little
mark at the corner? The socket also has tiny markings so you can line the CPU up prop-
erly with the socket.
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Figure 4-36
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In both socket styles, you release the retaining mechanism by pushing the little lever
down slightly and then away from the socket (see Figure 4-37). You next raise the arm
fully, and then move the retaining bracket (see Figure 4-38).

Align the processor with the socket and gently drop the processor into place. If it
doesn’t go in easily, check the orientation and try again. These sockets are generically
called zero insertion force (ZIF) sockets, which means you never have to use any force at all.
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Cooling

CPUs work very hard and thus require power to function. In electrical terms, CPUs con-
sume wattage, or watts, a unit of electrical power, just like a 100-watt light bulb consumes
power whenever it’s on. (See Chapter 8 for more details about electricity.) Have you ever
touched a light bulb after it’s been on for a while? Ouch! CPUs heat up, too.

To increase the capability of the CPUs to handle complex code, CPU manufacturers
have added a lot of microscopic transistors over the years. The more transistors the CPU
has, the more power they need and thus the hotter they get. CPUs don't tolerate heat
well, and modern processors need active cooling solutions just to function at all. Almost
every CPU uses a combination of a heat-sink and fan assembly to wick heat away from
the CPU. Figure 4-39 shows the standard Intel beat sink and fan. Here are some cooling
options:

Figure 4-39
Intel stock heat-
sink and fan
assembly

o OEM CPU coolers Original equipment manufacturer (OEM) heat-sink and
fan assemblies are included with most Intel retail-boxed CPUs. OEM in this
case means that Intel makes the heat-sink/fan assemblies. Rather confusingly,
you'll see the term “OEM CPUs” used to mean CPUs you buy in bulk or not in
the retail packaging. These are still made by Intel or AMD and are functionally
identical to the retail versions. They don’t come bundled with CPU coolers.
Crazy, isn't itt OEM CPU coolers have one big advantage: you know absolutely
they will work with your CPU. Intel Socket 2011 CPUs do not come with heat
sinks or fans.

« Specialized CPU coolers Many companies sell third-party heat-sink and fan
assemblies for a variety of CPUs. These usually exceed the OEM heat sinks in
the amount of heat they dissipate. These CPU coolers invariably come with eye-
catching designs to look really cool inside your system—some are even lighted
(see Figure 4-40).
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Figure 4-40
Cool retail
heat sink

The last choice is the most impressive of all: liquid cooling! Liguid cooling works by
running some liquid—usually water—through a metal block that sits on top of your
CPU, absorbing heat. The liquid gets heated by the block, runs out of the block and
into something that cools the liquid, and is then pumped through the block again. Any
liquid-cooling system consists of three main parts:

o A hollow metal block that sits on the CPU
« A pump to move the liquid around

« Some device to cool the liquid

And of course, you need plenty of hosing to hook them all together. Figure 4-41
shows a typical liquid-cooled CPU.

A number of companies sell these liquid-based cooling systems. Although they look
impressive and certainly cool your CPU, unless you're overclocking or want a quiet sys-
tem, a good fan will more than suffice.

EXAMTIP In some instances, you can create a system that has no fan for the
CPU, what'’s called fanless or passive cooling. Aside from mobile devices (like
an Apple iPad) that have no fans, the term can be very misleading. The Xeon
CPUs powering the servers in my office, for example, only have heat sinks
with no fans. On the other hand, they have ducts directly to the case fans,
which serve the same function as a an active CPU fan. So, go figure.

See also the “Beyond A+" section at the end of this chapter for interesting
passive developments.




Figure 4-41
Liquid-cooled
CPU

Once you've got a heat-sink and fan assembly sorted out, you need to connect them
to the motherboard. To determine the orientation of the heat-sink and fan assembly,
check the power cable from the fan. Make sure it can easily reach the three- or four-wire
standout on the motherboard (see Figure 4-42). If it can’, rotate the heat sink until it
can. (Check the motherboard manual if you have trouble locating the CPU fan power
standout.)

Next, before inserting the heat sink, you need to add a small amount of thermal paste
(also called thermal compound, heat dope, or nasty silver goo). Many heat sinks come with
some thermal paste already on them; the thermal paste on these pre-doped heat sinks is
covered by a small square of tape—take the tape off before you snap it to the CPU. If you
need to put thermal paste on from a tube, know that you need to use only a tiny amount
of this compound (see Figure 4-43). Spread it on as thinly, completely, and evenly as you
can. Unlike so many other things in life, you can have too much thermal paste!

You secure heat sinks in various ways, depending on the manufacturer. Stock Intel heat
sinks have four plungers that you simply push until they click into place in corresponding
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Figure 4-42
CPU fan power
standout on
motherboard

holes in the motherboard. AMD stock heat sinks generally have a bracket that you secure
to two points on the outside of the CPU socket and a latch that you swivel to lock it
down (see Figure 4-44).

Finally, you can secure many aftermarket heat-sink and fan assemblies by screw-
ing them down from the underside of the motherboard (see Figure 4-45). You have to

Figure 4-43
Applying thermal
paste
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Figure 4-44
AMD stock
heat-sink and fan
assembly

remove the motherboard from the case or install the heat sink before you put the moth-
erboard in the case.

For the final step, plug the fan power connector into the motherboard standout. It
won't work if you dont!

Overclocking

For the CPU to work, the motherboard speed, multiplier, and voltage must be set prop-
erly. In most modern systems, the motherboard uses the CPUID functions to set these
options automatically. Some motherboards enable you to adjust these settings manually
by moving a jumper, changing a CMOS setting, or using software; many enthusiasts
deliberately change these settings to enhance performance.

Figure 4-45
Heat-sink and
fan assembly
mounted to
motherboard
with screws
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NOTE Chapter 6 goes into gory detail about the system setup utility and
the area in which it stores important data (called CMOS), but invariably
students want to experiment at this point, so I'll give you some information
now. You can access the system setup utility by pressing some key as the
computer starts up. This is during the text phase, well before it ever says
anything about starting Windows. Most systems require you to press the
peLeTe key, but read the screen for details. Just be careful once you get into
the system setup utility not to change anything you don’t understand. And
read Chapter 6!

Starting way back in the days of the Intel 80486 CPU, people intentionally ran their
systems at clock speeds higher than the CPU was rated, a process called overclocking, and
it worked. Well, sometimes the systems worked, and sometimes they didn’t. Intel and
AMD have a reason for marking a CPU at a particular clock speed—that’s the highest
speed they guarantee will work.

Before I say anything else, I must warn you that intentional overclocking of a CPU
immediately voids most warranties. Overclocking has been known to destroy CPUs.
Overclocking might make your system unstable and prone to lockups and reboots. I
neither applaud nor decry the practice of overclocking. My goal here is simply to inform
you of the practice. You make your own decisions.

CPU makers do not encourage overclocking. Why would you pay more for a faster
processor when you can take a cheaper, slower CPU and just make it run faster? Bowing
to enthusiast market pressure, both Intel and AMD make utilities that help you over-
clock their respective CPUs.

« Intel Extreme Tuning Utility (Intel XTU) Don't skip the additional
Performance Tuning Protection Plan if you go this route.

o AMD Overdrive Utility No extra warranty is provided here; you're on your own.

Most people make a couple of adjustments to overclock successfully. First, through
jumpers, CMOS settings, or software configuration, you would increase the bus speed
for the system. Second, you often have to increase the voltage going into the CPU by
just a little to provide stability. You do that by changing a jumper or CMOS setting (see
Figure 4-46).

Overriding the defaults can completely lock up your system, to the point where even
removing and reinstalling the CPU doesn’t bring the motherboard back to life. (There’s
also a slight risk of toasting the processor, although all modern processors have circuitry
that shuts them down quickly before they overheat.) Most motherboards have a jumper
setting called CMOS clear (see Figure 4-47) that makes the CMOS go back to default
settings. Before you try overclocking on a modern system, find the CMOS-clear jumper
and make sure you know how to use it! Hint: Look in the motherboard manual.

To clear the CMOS, turn off the PC. Then locate one of those tiny little plastic pieces
(officially called a shunz) and place it over the two jumper wires for a moment. Next,
restart the PC and immediately go into CMOS and restore the settings you need.
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CMOS-clear
jumper

Troubleshooting CPUs

Troubleshooting CPU issues falls into two categories: overheating and catastrophic fail-
ures, with overheating being far more common than the latter. Once a CPU is installed
properly and functioning, it rarely causes problems. The only exception is when you ask
a CPU to do too much too quickly. Then you'll get a sluggish PC. The Intel Atom pro-
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cessor in my vintage netbook, for example, does a great job at surfing the Web, working
on e-mail, and writing stellar chapters in your favorite textbook. But if you try to play a
game more advanced than Half-Life (the original, circa 1998), the machine stutters and
complains and refuses to play nice.

The vast majority of problems with CPUs come from faulty installation or environ-
mental issues that cause overheating. Very rarely will you get a catastrophic failure, but
we'll look at the signs of that, too.

Symptoms of Overheating

Failure to install a CPU properly results in either nothing—that is, you push the power
button and nothing at all happens—or a system lock-up in a short period of time. Because
of the nature of ZIF sockets, you're almost guaranteed that the issue isn’t the CPU itself,
but rather the installation of the heat-sink and fan assembly. Here’s a checklist of possible
problems that you need to address when faced with a CPU installation problem:

1. Too much thermal paste can impede the flow of heat from the CPU to the heat
sink and cause the CPU to heat up rapidly. All modern CPUs have built-in fail-
safes that tell them to shut down before getting damaged by heat.

2. Not enough thermal paste or thermal paste spread unevenly can cause the CPU
to heat up and consequently shut itself down.

3. Failure to connect the fan power to the motherboard can cause the CPU to heat
up and shut itself down.

The fan and heat-sink installation failures can be tricky the first few times you
encounter them. You might see the text from the system setup. You might even get into
an installation of Windows before the crash happens. The key is that as soon as you put
the CPU under load—that is, make it work for a living—it heats up beyond where the
faulty heat-sink connection can dissipate the heat and then shuts down.

With a system that’s been running fine for a while, environmental factors can cause
problems. An air conditioning failure in my office last summer, deep in the heart of very
hot Texas, for example, caused machines throughout the office to run poorly. Some even
shut down entirely. (At that point it was time to close the doors and send the staff to
the beach, but that’s another story.) A client called the other day to complain about his
computer continuously rebooting and running slowly. When I arrived on the scene, I
found a house with seven cats. Opening up his computer case revealed the hairy truth:
the CPU fan was so clogged with cat hair that it barely spun at all! A quick cleaning with
a computer vacuum and a can of compressed air and he was a happily computing client.

The CPU needs adequate ventilation. The CPU fan is essential, of course, but the
inside of the case also needs to get hot air out through one or more exhaust fans and cool
air in through the front vent. If the intake vent is clogged or the exhaust fans stop work-
ing or are blocked somehow, the inside of the case can heat up and overwhelm the CPU
cooling devices. This will result in a system running slowly or spontaneously rebooting,
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Catastrophic Failure

You'll know when a catastrophic error occurs. The PC will suddenly get a Blue Screen
of Death (BSoD), what's technically called a Windows Stop error (see Figure 4-48). On
Mac OS X, by comparison, you'll get a pin wheel on the screen that just doesn’t go away
or stop spinning. (CompTTIA calls the BSoD and pin wheel proprietary crash screens. Most
users just find them annoying.)

Or the entire computer will simply stop and go black, perhaps accompanied by a loud
pop. The acrid smell of burnt electronics or ozone will grace your nasal passages. You
might even see trails of smoke coming out of the case. You might not know immediately
that the CPU has smoked, but follow your nose. Seriously. Sniff the inside of the case
until you find the strongest smell. If it’s the CPU, that’s bad news. Whatever electrical
short hit, it probably caused damage to the motherboard too, and you're looking at a long
day of replacement and rebuilding.

Figure 4-48 Blue Screen of Death

Beyond A+

Intel Core M

The Intel Core M runs cool and sips juice for incredibly long battery life in mobile
devices. The official thermal design power (TDP) is just 4.5 watts—compared to a
mobile version of a Core i7 that demands 57 watts. The trade-off Intel makes with the
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Core M is in raw processing power. It falls in between the Atom and a mobile Core i3—
enough to get the job done, but not enough to run a serious game or other demanding
application. On the other hand, the incredibly low electricity use means manufacturers
can skip the fan and make super skinny devices.

At the time of this writing, only a few portable computers run the Core M, most no-
tably the Apple MacBook. Expect the Core M to migrate to some nonportable systems,
especially Media Center PCs, where the quiet of fanless computing makes a lot of sense.

Chapter Review

Questions

1. What do registers provide for the CPU?
A. Registers determine the clock speed.
B. The CPU uses registers for temporary storage of internal commands and data.
C. Registers enable the CPU to address RAM.
D. Registers enable the CPU to control the address bus.
2. What function does the external data bus have in the PC?
A. The external data bus determines the clock speed for the CPU.
B. The CPU uses the external data bus to address RAM.

C. The external data bus provides a channel for the flow of data and commands
between the CPU and RAM.

D. The CPU uses the external data bus to access registers.
3. What is the function of the address bus in the PC?

A. The address bus enables the CPU to communicate with the memory
controller chip.

B. The address bus enables the memory controller chip to communicate with the
RAM.

C. The address bus provides a channel for the flow of data and commands
between the CPU and RAM.

D. The address bus enables the CPU to access registers.
4. Which of the following terms are measures of CPU speed?

A. Megahertz and gigahertz

B. Megabytes and gigabytes

C. Megahertz and gigabytes

D. Frontside bus, backside bus
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5. Which CPU feature enables the microprocessor to support running multiple
operating systems at the same time?

A. Clock multiplying
B. Caching
C. Pipelining
D. Virtualization support
6. Into which socket could you place an Intel Core i5?
A. Socket LGA 775
B. Socket LGA 1155
C. Socket C
D. Socket AM3+
7. Which feature enables a single-core CPU to function like two CPUs?
A. Hyper-Threading
B. SpeedStep
C. Virtualization
D. x64

8. What steps do you need to take to install a Core i3 CPU into an FM2
motherboard?
A. Lift the ZIF socket arm; place the CPU according to the orientation
markings; snap on the heat-sink and fan assembly.

B. Lift the ZIF socket arm; place the CPU according to the orientation
markings; add a dash of thermal paste; snap on the heat-sink and fan
assembly.

C. Lift the ZIF socket arm; place the CPU according to the orientation
markings; snap on the heat-sink and fan assembly; plug in the fan.

D. Take all of the steps you want to take because it’s not going to work.

9. A client calls to complain that his computer starts up, but crashes when Windows
starts to load. After a brief set of questions, you find out that his nephew
upgraded his RAM for him over the weekend and couldn’t get the computer to
work right afterward. What could be the problem?

A. Thermal paste degradation
B. Disconnected CPU fan
C. Bad CPU cache

D. There’s nothing wrong. It usually takes a couple of days for RAM to acclimate
to the new system.



CompTIA A+ All-in-One Exam Guide

146

10. Darren has installed a new CPU in a client’s computer, but nothing happens
when he pushes the power button on the case. The LED on the motherboard is
lit up, so he knows the system has power. What could the problem be?

A. He forgot to disconnect the CPU fan.

B. He forgot to apply thermal paste between the CPU and the heat-sink and fan
assembly.

C. He used an AMD CPU in an Intel motherboard.
D. He used an Intel CPU in an AMD motherboard.

Answers

1. B. The CPU uses registers for temporary storage of internal commands and data.

2. C. The external data bus provides a channel for the flow of data and commands
between the CPU and RAM.

3. A. The address bus enables the CPU to communicate with the memory controller
chip.

4. A. The terms megahertz (MHz) and gigahertz (GHz) describe how many million
or billion (respectively) cycles per second a CPU can run.

5. D. Intel and AMD CPUs come with virtualization support, enabling more
efficient implementation of virtual machines.

6. B. You'll find Core i5 processors in several socket types, notably LGA 1155 and
LGA 1156.

7. A. Intel loves its Hyper-Threading, where a single-core CPU can function like a
dual-core CPU as long as it has operating system support.

8. D. Intel and AMD processors are not compatible at all.

9. B. Most likely, the nephew disconnected the CPU fan to get at the RAM slots
and simply forgot to plug it back in.

10. B. The best answer here is that he forgot the thermal paste, though you can also
make an argument for a disconnected fan.
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RAM

In this chapter, you will learn how to
« Identify the different types of DRAM packaging
» Explain the varieties of RAM
+ Select and install RAM
+ Perform basic RAM troubleshooting

Whenever people come up to me and start professing their computer savvy, I ask them
a few questions to see how much they really know. In case you and I ever meet and you
decide you want to “talk tech” with me, I'll tell you my first two questions now so you'll
be ready. Both involve random access memory (RAM), the working memory for the CPU.

1. “How much RAM is in your computer?”
2. “What is RAM and why is it so important that every PC has enough?”

Can you answer either of these questions? Don’t fret if you cant—you’ll know how
to answer both of them before you finish this chapter. Let’s start by reviewing what you
know about RAM thus far.

When not in use, programs and data are held in a mass storage device such as a
hard disk drive (HDD), USB thumb drive, optical drive, or some other device that
can hold data while the computer is off. When you load a program in Windows, your
PC copies the program from the mass storage device to RAM and then runs it (see
Figure 5-1).

You saw in Chapter 4 that the CPU uses dynamic random access memory (DRAM) as
RAM for all PCs. Just like CPUs, DRAM has gone through a number of evolutionary
changes over the years, resulting in improved DRAM technologies such as SDRAM,
RDRAM, and DDR RAM. This chapter starts by explaining how DRAM works, and
then discusses the types of DRAM used over the past several years and how they
improve on the original DRAM. The third section, “Working with RAM,” goes into
the details of finding and installing RAM. The chapter finishes with troubleshooting
RAM problems.

147
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Figure 5-1 Mass storage holds programs, but programs need to run from RAM.

Historical/Conceptual

Understanding DRAM

As discussed in Chapter 4, DRAM functions like an electronic spreadsheet, with num-
bered rows containing cells and each cell holding a one or a zero. Now let’s look at
what’s physically happening. Each spreadsheet cell is a special type of semiconductor
that can hold a single bit—one or zero—Dby using microscopic capacitors and transis-
tors. DRAM makers put these semiconductors into chips that can hold a certain num-
ber of bits. The bits inside the chips are organized in a rectangular fashion, using rows
and columns.

Each chip has a limit on the number of lines of code it can contain. Think of each line
of code as one of the rows on the electronic spreadsheet; one chip might be able to store
a million rows of code while another chip might be able to store over a billion lines. Each
chip also has a limit on the width of the lines of code it can handle. One chip might han-
dle 8-bit-wide data while another might handle 16-bit-wide data. Techs describe chips by
bits rather than bytes, so they refer to x8 and x 16, respectively. Just as you could describe
a spreadsheet by the number of rows and columns—John’s accounting spreadsheet is
huge, 48 rows x 12 columns—memory makers describe RAM chips the same way. An
individual DRAM chip that holds 1,048,576 rows and 8 columns, for example, would
be a IMx8 chip, with “M” as shorthand for “mega,” just like in megabytes (2*° bytes). It
is difficult if not impossible to tell the size of a DRAM chip just by looking at it—only
the DRAM makers know the meaning of the tiny numbers on the chips (see Figure 5-2),
although sometimes you can make a good guess.

Organizing DRAM

Because of its low cost, high speed, and capability to contain a lot of data in a relatively
small package, DRAM has been the standard RAM used in all computers—not just
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Figure 5-2
What do these
numbers mean?

PCs—since the mid-1970s. DRAM can be found in just about everything, from auto-
mobiles to automatic bread makers.

The PC has very specific requirements for DRAM. The original 8088 processor had
an 8-bit frontside bus. Commands given to an 8088 processor were in discrete 8-bit
chunks. You needed RAM that could store data in 8-bit (1-byte) chunks, so that each
time the CPU asked for a line of code, the memory controller chip (MCC) could put
an 8-bit chunk on the data bus. This optimized the flow of data into (and out from) the
CPU. Although today’s DRAM chips may have widths greater than 1 bit, all DRAM
chips back then were 1 bit wide, meaning only sizes such as 64 K x 1 or 256 K x 1 exist-
ed—always 1 bit wide. So how was 1-bit-wide DRAM turned into 8-bit-wide memory?
The solution was quite simple: just take eight 1-bit-wide chips and use the MCC to
organize them electronically to be eight wide (see Figure 5-3).

The MCC can produce
byte-sized pieces out of
eight bit-sized RAM chips.
The CPU requires data
in byte-sized pieces.

External Data Bus

Figure 5-3 The MCC accessing data on RAM soldered onto the motherboard

Practical DRAM

Okay, before you learn more about DRAM, I need to clarify a critical point. When you
first saw the 8088’s machine language in Chapter 4, all the examples in the “codebook”
were exactly 1-byte commands. Figure 5-4 shows the codebook again—see how all the
commands are 1 byte?
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Figure 5-4
Codebook again

8088 External Data Bug Codebook

LIGHTS
MEANING
10000000
10010000
10110000
11000000

00000000
00000001
00000019
00000011
00000100
00000101
00000119
00000111
00001000
00001001

The number
The numher?
The numbegr 2
The number 3
The number 4
€ Number 5
The number g
The number 7
The number g
The number g

Well, the reality is slightly different. Most of the 8088 machine language commands
are 1 byte, but more-complex commands need 2 bytes. For example, the following
command tells the CPU to move 163 bytes “up the RAM spreadsheet” and run whatever
command is there. Cool, eh?

1110100110100011

The problem here is that the command is 2 bytes wide, not 1 byte. So how did
the 8088 handle this? Simple—it just took the command 1 byte at a time. It took
twice as long to handle the command because the MCC had to go to RAM twice, but
it worked.

So if some of the commands are more than 1 byte wide, why didn’t Intel make the
8088 with a 16-bit frontside bus? Wouldn’t that have been better? Well, Intel did. Intel
invented a CPU called the 8086. The 8086 actually predates the 8088 and was absolutely
identical to the 8088 except for one small detail: it had a 16-bit frontside bus. IBM could
have used the 8086 instead of the 8088 and used 2-byte-wide RAM instead of 1-byte-
wide RAM. Of course, they would have needed to invent an MCC that could handle
that kind of RAM (see Figure 5-5).

Why did Intel sell the 8088 to IBM instead of the 80862 There were two reasons.
Nobody had invented an affordable MCC or RAM that handled 2 bytes at a time. Sure,
chips had been invented, but they were expensive and IBM didn't think anyone would
want to pay $12,000 for a personal computer. So IBM bought the Intel 8088, not the
Intel 8086, and all our RAM came in bytes. But as you might imagine, it didn’t stay that
way for long.
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The MCC for 8086
systems could handle
two rows of RAM.

Figure 5-5 Pumped-up 8086 MCC at work

DRAM Sticks

As CPU data bus sizes increased, so too did the need for RAM wide enough to fill
the bus. The Intel 80386 CPU, for example, had a 32-bit data bus and thus the need
for 32-bit-wide DRAM. Imagine having to line up 32 one-bit-wide DRAM chips
on a motherboard. Talk about a waste of space! Figure 5-6 shows motherboard RAM
run amuck.

Figure 5-6
That'’s a lot of
real estate used
by RAM chips!
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Figure 5-7
A 72-pin SIMM

DRAM manufacturers responded by creating wider DRAM chips, such as x4, x8,
and x16, and putting multiples of them on a small circuit board called a stick or module.
Figure 5-7 shows an early stick, called a single inline memory module (SIMM), with eight
DRAM chips. To add RAM to a modern machine, you need to get the right stick or
sticks for the particular motherboard. Your motherboard manual tells you precisely what
sort of module you need and how much RAM you can install.

Modern CPUs are a lot smarter than the old Intel 8088. Their machine languages
have some commands that are up to 64 bits (8 bytes) wide. They also have at least a
64-bit frontside bus that can handle more than just 8 bits. They don’t want RAM to give
them a puny 8 bits at a time! To optimize the flow of data into and out of the CPU, the
modern MCC provides at least 64 bits of data every time the CPU requests information
from RAM.

Try This!

Dealing with Old RAM

Often in the PC world, old technology and ways of doing things are reimple-
mented with some newer technology. A tech who knows these ancient ways will
have extra opportunities. Many thousands of companies—including hospitals,
auto repair places, and more—use very old proprietary applications that keep
track of medical records, inventory, and so on. If you're called to work on one of
these ancient systems, you need to know how to work with old parts, so try this.

Obtain an old computer. Ask your uncle, cousin, or Great Aunt Edna if they
have a PC collecting dust in a closet that you can use. Failing that, go to a
secondhand store or market and buy one for a few dollars.

Open up the system and check out the RAM. Remove the RAM from
the motherboard and then replace it to familiarize yourself with the inter-
nals. You never know when some critical system will go down and need repair
immediately—and you're the one to do it!

Modern DRAM sticks come in 32-bit- and 64-bit-wide data form factors with a vary-
ing number of chips. Many techs describe these memory modules by their width, so we
call them x32 and x64. Note that this number does 7oz describe the width of the indi-
vidual DRAM chips on the module. When you read or hear about &y whatever memory,
you need to know whether that person is talking about the DRAM width or the module
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Byte 128,342
isin row 2.

External Data Bus

Figure 5-8 The MCC knows the real location of the DRAM.

width. When the CPU needs certain bytes of data, it requests those bytes via the address
bus. The CPU does not know the physical location of the RAM that stores that data, nor
the physical makeup of the RAM—such as how many DRAM chips work together to
provide the 64-bit-wide memory rows. The MCC keeps track of this and just gives the
CPU whichever bytes it requests (see Figure 5-8).

Consumer RAM

If modern DRAM modules come in sizes much wider than a byte, why do people still
use the word “byte” to describe how much DRAM they have? Convention. Habit. Rath-
er than using a label that describes the electronic structure of RAM, common usage
describes the ttal capacity of RAM on a stick in bytes. John has a single 4-GB stick of
RAM on his motherboard, for example, and Sally has two 2-GB sticks. Both systems
have a total of 4 GB of system RAM. That’s what your clients care about. Having enough
RAM makes their systems snappy and stable; not enough RAM means their systems run
poorly. As a tech, you need to know more, of course, to pick the right RAM for many
different types of computers.

Types of RAM

Development of newer, wider, and faster CPUs and MCCs motivate DRAM manufac-
turers to invent new DRAM technologies that deliver enough data at a single pop to
optimize the flow of data into and out of the CPU.

SDRAM

Most modern systems use some form of synchronous DRAM (SDRAM). SDRAM is still
DRAM, but it is synchronous—tied to the system clock, just like the CPU and MCC, so
the MCC knows when data is ready to be grabbed from SDRAM. This results in little
wasted time.
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Figure 5-9
144-pin micro-
DIMM (photo
courtesy

of Micron
Technology, Inc.)

SDRAM made its debut in 1996 on a stick called a dual inline memory module
(DIMM). The early SDRAM DIMMs came in a wide variety of pin sizes. The most
common pin sizes found on desktops were the 168-pin variety. Laptop DIMMs came
in 68-pin, 144-pin (see Figure 5-9), or 172-pin micro-DIMM packages; and the 72-pin,
144-pin, or 200-pin small-outline DIMM (SO-DIMM) form factors (see Figure 5-10).
With the exception of the 32-bit 72-pin SO-DIMM, all these DIMM varieties delivered
64-bit-wide data to match the 64-bit data bus of every CPU since the original Pentium.

To take advantage of SDRAM, you needed a PC designed to use SDRAM. If you
had a system with slots for 168-pin DIMMs, for example, your system used SDRAM. A
DIMM in any one of the DIMM slots could fill the 64-bit bus, so each slot was called a
bank. You could install one, two, or more sticks and the system would work. Note that
on laptops that used the 72-pin SO-DIMM, you needed to install two sticks of RAM to
make a full bank, because each stick only provided half the bus width.

SDRAM was tied to the system clock, so its clock speed matched the frontside bus.
Five clock speeds were commonly used on the early SDRAM systems: 66, 75, 83, 100,
and 133 MHz. The RAM speed had to match or exceed the system speed or the computer
would be unstable or wouldn’t work at all. These speeds were prefixed with a “PC” in the
front, based on a standard forwarded by Intel, so SDRAM speeds were PCG66 through
PC133. For a Pentium III computer with a 100-MHz frontside bus, you needed to buy
SDRAM DIMM s rated to handle it, such as PC100 or PC133.

Figure 5-10

A 168-pin DIMM
above a 144-pin
SO-DIMM
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RDRAM
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RDRAM

When Intel was developing the Pentium 4, they knew that regular SDRAM just wasn’t
going to be fast enough to handle the quad-pumped 400-MHz frontside bus. Intel
announced plans to replace SDRAM with a very fast, new type of RAM developed by
Rambus, Inc., called Rambus DRAM, or simply RDRAM (see Figure 5-11). Hailed
by Intel as the next great leap in DRAM technology, RDRAM could handle speeds up to
800 MHz, which gave Intel plenty of room to improve the Pentium 4.

RDRAM was greatly anticipated by the industry for years, but industry support for
RDRAM proved less than enthusiastic due to significant delays in development and
a price many times that of SDRAM. Despite this grudging support, almost all major
PC makers sold systems that used RDRAM—for a while. From a tech’s standpoint,
RDRAM shared almost all of the characteristics of SDRAM. A stick of RDRAM was
called a RIMM. In this case, however, the letters didn’t actually stand for anything; they
just rhymed: SIMMs, DIMMs, and RIMMs, get it?

NOTE The 400-MHz frontside bus speed wasn't achieved by making the
system clock faster—it was done by making CPUs and MCCs capable of
sending 64 bits of data two or four times for every clock cycle, effectively
doubling or quadrupling the system bus speed.

901

DDR SDRAM
AMD and many major system and memory makers threw their support behind an
alternative to RDRAM, double data rate SDRAM (DDR SDRAM). DDR SDRAM basi-
cally copied Rambus, doubling the throughput of SDRAM by making two processes for
every clock cycle. This synchronized (pardon the pun) nicely with the Athlon and later
AMD processors’ double-pumped frontside bus. DDR SDRAM could not run as fast as
RDRAM—although relatively low frontside bus speeds made that a moot point—but
cost only slightly more than regular SDRAM.

DDR SDRAM for desktops comes in 184-pin DIMMs. These DIMMs match
168-pin DIMMs in physical size but not in pin compatibility (see Figure 5-12). The slots
for the two types of RAM appear similar as well but have different guide notches, so you
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Figure 5-12
DDR SDRAM

Figure 5-13
172-pin DDR
SDRAM micro-
DIMM (photo
courtesy of
Kingston/Joint
Harvest)

can't insert either type of RAM into the other’s slot. DDR SDRAM for laptops comes in
either 200-pin SO-DIMMs or 172-pin micro-DIMMs (see Figure 5-13).

NOTE Most techs drop some or all of the SDRAM part of DDR SDRAM when
engaged in normal geekspeak. You'll hear the memory referred to as DDR,
DDR RAM, and the weird hybrid, DDRAM.

DDR sticks use a rather interesting naming convention based on the number of bytes
per second of data throughput the RAM can handle. To determine the bytes per second,
take the MHz speed and multiply by 8 bytes (the width of all DDR SDRAM sticks). So
400 MHz multiplied by 8 is 3200 megabytes per second (MBps). Put the abbreviation
“PC” in the front to make the new term: PC3200. Many techs also use the naming con-
vention used for the individual DDR chips; for example, DDR400 refers to a 400-MHz
DDR SDRAM chip running on a 200-MHz clock.

Even though the term DDRuxxx is really just for individual DDR chips and the term
PCaxxx is for DDR sticks, this tradition of two names for every speed of RAM is a bit of
a challenge because you'll often hear both terms used interchangeably. Table 5-1 shows
all the speeds for DDR—not all of these are commonly used.
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Clock Speed DDR Speed Rating PC Speed Rating
100 MHz DDR-200 PC-1600
133 MHz DDR-266 PC-2100
166 MHz DDR-333 PC-2700
200 MHz DDR-400 PC-3200
217 MHz DDR-433 PC-3500
233 MHz DDR-466 PC-3700
250 MHz DDR-500 PC-4000
275 MHz DDR-550 PC-4400
300 MHz DDR-600 PC-4800

Table 5-1 DDR Speeds

Following the lead of AMD and other manufacturers, the PC industry adopted
DDR SDRAM as the standard system RAM. In the summer of 2003, Intel relented and
stopped producing motherboards and memory controllers that required RDRAM.

One thing is certain about PC technologies: any good idea that can be copied will
be copied. One of Rambus’ best concepts was the dual-channel architecture—using two
sticks of RDRAM together to increase throughput. Manufacturers have released mother-
boards with MCCs that support dual-channel architecture using DDR SDRAM. Dual-
channel DDR motherboards use regular DDR sticks, although manufacturers often sell
RAM in matched pairs, branding them as dual-channel RAM.

SIM I've got a great Chapter 5 Challenge! sim on calculating RAM speeds at

rb ; :
totalsem.com/90x. Check it out right now!

Dual-channel DDR requires two identical sticks of DDR and they must snap into
two paired slots. Many motherboards offer four slots (see Figure 5-14).

Figure 5-14

A motherboard
showing four
RAM slots. By
populating the
same-colored
slots with
identical RAM,
you can run in
dual-channel
mode.
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DDR2 is DDR RAM with some improvements in its electrical characteristics, enabling it
to run even faster than DDR while using less power. The big speed increase from DDR2
comes by clock doubling the input/output circuits on the chips. This does not speed up
the core RAM—the part that holds the data—but speeding up the input/output and
adding special buffers (sort of like a cache) makes DDR2 run much faster than regular
DDR. DDR2 uses a 240-pin DIMM that’s not compatible with DDR (see Figure 5-15).
Likewise, the DDR2 200-pin SO-DIMM is incompatible with the DDR SO-DIMM.
You'll find motherboards running both single-channel and dual-channel DDR2.

NOTE DDR2 RAM sticks will not fit into DDR sockets, nor are they
electronically compatible.

Table 5-2 shows some of the common DDR2 speeds.

Core RAM Clock Speed DDRI1/O Speed DDR2 Speed Rating PC Speed Rating
100 MHz 200 MHz DDR2-400 PC2-3200
133 MHz 266 MHz DDR2-533 PC2-4200
166 MHz 333 MHz DDR2-667 PC2-5300
200 MHz 400 MHz DDR2-800 PC2-6400
266 MHz 533 MHz DDR2-1066 PC2-8500

Table 5-2 DDR2 Speeds

DDR3

DDR3 boasts higher speeds, more efficient architecture, and around 30 percent lower
power consumption than DDR2 RAM, making it a compelling choice for system build-
ers. Just like its predecessor, DDR3 uses a 240-pin DIMM, albeit one that is slotted dif-
ferently to make it difficult for users to install the wrong RAM in their system without
using a hammer (see Figure 5-16). DDR3 SO-DIMM:s for portable computers have 204
pins. Neither fits into a DDR2 socket.

EXAMTIP The 220-901 exam will test your knowledge of the various RAM
types including DDR, DDR2, and DDR3. Be sure you are familiar with their
individual characteristics and differences. DDR3 DIMMs have 240 pins,
for example, and DDR3 SO-DIMMs have 204 pins. They are physically and
electronically incompatible with DDR2 DIMMs and SO-DIMM:s.
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NOTE Do not confuse DDR3 with GDDR3; the latter is a type of memory
used solely in video cards. See Chapter 19, “Display Technologies,” for the
scoop on video-specific types of memory.

DDR3 doubles the buffer of DDR2 from 4 bits to 8 bits, giving it a huge boost in
bandwidth over older RAM. Not only that, but some DDR3 modules also include a fea-
ture called XMP, or extended memory profile, that enables power users to overclock their
RAM easily, boosting their already fast memory. DDR3 modules also use higher-density
memory chips, up to 16-GB DDR3 modules.

Some motherboards that support DDR3 also support features called zriple-channel
architecture or quad-channel architecture, which work a lot like dual-channel, but with
three or four sticks of RAM instead of two. Intel's LGA 1366 platform supports triple-
channel memory; no AMD processors support a triple-channel feature. More recent Intel
and AMD systems support quad-channel memory.

EXAMTIP Be sure you are familiar with single-, dual-, and triple-channel
memory architectures.

Table 5-3 shows common DDR3 speeds. Note how DDR3 1/O speeds are quadruple
the clock speeds, whereas DDR2 I/O speeds are only double the clock. This speed in-
crease is due to the increased buffer size, which enables DDR3 to grab twice as much data
every clock cycle as DDR2 can.

Core RAM Clock Speed DDR1/O Speed DDR3 Speed Rating PC Speed Rating
100 MHz 400 MHz DDR3-800 PC3-6400

133 MHz 533 MHz DDR3-1066 PC3-8500

166 MHz 667 MHz DDR3-1333 PC3-10667

200 MHz 800 MHz DDR3-1600 PC3-12800

233 MHz 933 MHz DDR3-1866 PC3-14900

266 MHz 1066 MHz DDR3-2133 PC3-17000

300 MHz 1200 MHz DDR3-2400 PC3-19200

Table 5-3 DDR3 Speeds
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DDR3L/DDR3U

Memory manufacturers offer a low-voltage version of DDR3, most commonly labeled
DDR3L, that provides substantial cost savings when used in massive RAM applications.
(Think big data centers, like the ones that power Google.) DDR3L runs at 1.35 volts
(V), compared to the 1.5 V or 1.65 V of regular DDR3, providing cost savings up to 15
percent—that adds up fast! The ultra-low-voltage version of DDR3, DDR3U, runs at a
miserly 1.25 V.

Lower voltage means less heat generated. In a server farm or data center, that can
reduce the air conditioning bill by a lot. That’s a good thing.

The DIMM is slot-compatible with DDR3, although not necessarily a drama-free
replacement on older motherboards. A motherboard pushing 1.5 V to the RAM slots
and RAM only capable of running at 1.35 V would not result in happiness.

For best results, check the manual that came with the motherboard in question or
check the manufacturer’s Web site for support. Also, many RAM manufacturers produce
RAM modules capable of running at 1.35 V or 1.5 V; those will work in any moth-
erboard that supports DDR3. Some modules can handle the full gamut, from 1.25 V
to 1.65 V.

DDR4

DDR4 arrived on the scene in late 2014 with much fanfare and slow adoption. DDR4
offers higher density and lower voltages than DDR3, and can handle faster data trans-
fer rates. In theory, manufacturers could create DDR4 DIMMs up to 512 GB. As of
this writing, DIMMS running DDR4 top out at 16 GB, like DDR3, but run at only
1.2 V. (There’s a performance version that runs at 1.35 V and a low-voltage version at
1.05 V to00.)

DDR4 uses a 288-pin DIMM, so they are not backwardly compatible with DDR3
slots. DDR4 SO-DIMM:s have 260 pins that are not compatible with DDR3 204-pin
SO-DIMM slots. Some motherboard manufacturers have released boards that offer sup-
port for both DDR3 and DDR4, by providing both slot types.

NOTE Intel has proposed a memory standard as of this writing that would
bridge the gap between DDR3 and DDR4, called UniDIMM. The processor
architecture released in the summer of 2015, called Skylake, can handle
either type of memory. The UniDIMM memory can be either DDR3 or DDR4
and the processor can handle it.

Depending on when you're reading this note, UniDIMM might be a reality,
or a blip in the past. Either way, it's not covered on the CompTIA A+ 901 exam.

With DDR4, most techs have switched from bit rate to megatransfers per second
(MT/s), a way to describe the bandwidth as the number of data transfer operations hap-
pening at any given second. For DDR4, the number is pretty huge. Table 5-4 shows
common DDR4 speeds and labels.
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Clock Speed Bandwidth
200 MHz 1600 MT/s
266 MHz 2133 MT/s
300 MHz 2400 MT/s
400 MHz 3200 MT/s

DDR4 Speed Rating
DDR4-1600
DDR4-2133
DDR4-2400
DDR4-3200
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PC Speed Rating
PC4-12800
PC4-17000
PC4-19200
PC4-25600

Table 5-4 Standard DDR4 Varieties

RAM Variations

EXAMTIP The CompTIA A+ 901 exam covers only DDR, DDR2, and DDR3
sticks. You won't find DDR3L, DDR3U, or DDR4 on the exam.

Within each class of RAM, you'll find variations in packaging, speed, quality, and the
capability to handle data with more or fewer errors. Higher-end systems often need
higher-end RAM, so knowing these variations is of crucial importance to techs.

Double-Sided DIMMs

Every type of RAM stick comes in one of two types: single-sided RAM and double-sided
RAM. As their name implies, single-sided sticks have chips on only one side of the stick.
Double-sided sticks have chips on both sides (see Figure 5-17). Double-sided sticks are
basically two sticks of RAM soldered onto one board. There’s nothing wrong with dou-
ble-sided RAM sticks other than the fact that some motherboards either can’t use them
or can only use them in certain ways—for example, only if you use a single stick and it

goes into a certain slot.

Figure 5-17
Double-sided
DDR SDRAM
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Figure 5-18 Why is one more expensive than the other?

Latency

If you've shopped for RAM lately, you may have noticed terms such as “CL6” or “low
latency” as you tried to determine which RAM to purchase. You might find two otherwise
identical RAM sticks with a 20 percent price difference and a salesperson pressuring
you to buy the more expensive one because it’s “faster” even though both sticks say
DDR3-2133 (see Figure 5-18).

RAM responds to electrical signals at varying rates. When the memory controller
starts to grab a line of memory, for example, a slight delay occurs; think of it as the RAM
getting off the couch. After the RAM sends out the requested line of memory, there’s
another slight delay before the memory controller can ask for another line—the RAM sat
back down. The delay in RAM’s response time is called its lazency. RAM with a lower la-
tency—such as CL6—is faster than RAM with a higher latency—such as CL9—because
it responds more quickly. The CL refers to clock cycle delays. The “6” means that the
memory delays six clock cycles before delivering the requested data; the “9” means a
nine-cycle delay.

The latency numbers can help you decide between two similar sticks of RAM, but
can deceive you when comparing generations of memory. It's obvious that an 8-GB stick
from G.SKILL with a column array strobe (CAS) latency of 11 is not as good as their
“identical” and slightly more expensive stick with a CAS latency of 9. That’s comparing
apples to apples.

Before DDR4 debuted, however, its relatively high latency made enthusiasts ques-
tion the memory companies, complaining that it would be too slow. Once released and
tested, though, the added efficiency and technology improvements proved DDR4 per-
formed equally with DDR3 at the same clock speed, even with higher latency. Plus
DDR4 will eventually scale up much higher in speed that DDR3 can.
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NOTE Latency numbers reflect how many ticks of the system clock it takes
before the RAM responds. If you speed up the system clock—say, from 200
MHz to 266 MHz—the same stick of RAM might take an extra tick before

it can respond. When you take RAM out of an older system and put it into

a newer one, you might get a seemingly dead PC, even though the RAM
fits in the DIMM slot. Many motherboards enable you to adjust the RAM
timings manually. If yours does so, try raising the latency to give the slower
RAM time to respond. See Chapter 7, “BIOS," to learn how to make these
adjustments (and how to recover if you make a mistake).

From a tech’s standpoint, you need to get the proper RAM for the system you're work-
ing on. If you put a high-latency stick in a motherboard set up for a low-latency stick,
you'll get an unstable or completely dead PC. Check the motherboard manual or RAM
manufacturer’s Web site and get the quickest RAM the motherboard can handle, and you
should be fine.

NOTE CAS stands for column array strobe, as mentioned earlier, one of the wires
(along with the row array strobe) in the RAM that helps the memory controller
find a particular bit of memory. Each of these wires requires electricity to charge
up before it can do its job. This is one of the aspects of latency.

Parity and ECC

Given the high speeds and phenomenal amount of data moved by the typical DRAM
chip, a RAM chip might occasionally give bad data to the memory controller. This
doesn’t necessarily mean that the RAM has gone bad. It could be a hiccup caused by some
unknown event that makes a good DRAM chip say a bit is a zero when it’s really a one.
In most cases you won't even notice when such a rare event happens. In some environ-
ments, however, even these rare events are intolerable. A bank server handling thousands
of online transactions per second, for example, can't risk even the smallest error. These
important computers need a more robust, fault-resistant RAM.

The first type of error-detecting RAM was known as parity RAM (see Figure 5-19).
Parity RAM stored an extra bit of data (called the parity bit) that the MCC used to verify
whether the data was correct. Parity wasn't perfect. It wouldn’t always detect an error, and
if the MCC did find an error, it couldn’t correct the error. For years, parity was the only
available way to tell if the RAM made a mistake.

Figure 5-19
Ancient parity
RAM stick
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Today’s PCs that need to watch for RAM errors use a special type of RAM called error
correction code RAM (ECC RAM). ECC is a major advance in error checking on DRAM.
First, ECC detects any time a single bit is incorrect. Second, ECC fixes these errors on-
the-fly. The checking and fixing come at a price, however, as ECC RAM is always slower
than non-ECC RAM.

ECC DRAM comes in every DIMM package type and can lead to some odd-sounding
numbers. You can find DDR2, DDR3, or DDR4 RAM sticks, for example, that come
in 240-pin, 72-bit versions. Similarly, you'll see 200-pin, 72-bit SO-DIMM format. The
extra 8 bits beyond the 64-bit data stream are for the ECC.

You might be tempted to say, “Gee, maybe I want to try this ECC RAM.” Well, don't!
To take advantage of ECC RAM, you need a motherboard with an MCC designed to
use ECC. Only expensive motherboards for high-end systems use ECC. The special-use-
only nature of ECC makes it fairly rare. Plenty of techs with years of experience have
never even seen ECC RAM.

NOTE Some memory manufacturers call the technology error checking and
correction (ECC). Don't be thrown off if you see the phrase—it’s the same
thing, just a different marketing slant for error correction code.

Registered and Buffered Memory

When shopping for memory, especially for ECC memory, you are bound to come across
the terms registered RAM or buffered RAM (CompTIA uses the latter term on the A+ 901
exam). Either term refers to a small register installed on some memory modules to act as
a buffer between the DIMM and the memory controller. This little extra bit of circuitry
helps compensate for electrical problems that crop up in systems with lots of memory
modules, such as servers.

The key thing to remember is that a motherboard will use either buffered or unbuf-
fered RAM (that’s typical consumer RAM), not both. If you a module of the wrong type
in a system you are upgrading, the worst that will happen is a blank screen and a lot of
head scratching.

Working with RAM

Whenever someone comes up to me and asks what single hardware upgrade they can
make to improve their system performance, I always tell them the same thing—add more
RAM. Adding more RAM can improve overall system performance, processing speed,
and stability—if you get it right. Botching the job can cause dramatic system instability,
such as frequent, random crashes and reboots. Every tech needs to know how to install
and upgrade system RAM of all types.

To get the desired results from a RAM upgrade, you must first determine if insufficient
RAM is the cause of system problems. Second, you need to pick the proper RAM for the
system. Finally, you must use good installation practices. Always store RAM sticks in anti-
static packaging whenever they’re not in use, and use strict ESD handling procedures.
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Figure 5-20
Don't do this!
Grabbing the
contacts is a bad
ideal

Like many other pieces of the PC, RAM is very sensitive to ESD and other technician
abuse (see Figure 5-20).

Do You Need More RAM?

Two symptoms point to the need for more RAM in a PC: general system sluggishness
and excessive hard drive accessing. If programs take forever to load and running pro-
grams seem to stall and move more slowly than you would like, the problem could stem
from insufficient RAM.

A friend with a Windows 7 system complained that her PC seemed snappy when she
first got it but now takes a long time to do the things she wants to do with it, such as
photograph retouching in Adobe Photoshop and document layout for an online maga-
zine she produces. Her system had only 2 GB of RAM, sufficient to run Windows 7, but
woefully insufficient for her tasks—she kept maxing out the RAM, and thus the system
slowed to a crawl. I replaced her stick with a pair of 4-GB sticks and suddenly she had
the powerhouse workstation she desired.

Excessive hard drive activity when you move between programs points to a need for
more RAM. Every computer has the capability to make a portion of your hard drive
work like RAM in case you run out of real RAM.

Virtual Memory

Computers use a portion of the hard drive as an extension of system RAM, through
what’s called virtual memory. Virtual memory is a portion of a hard drive or solid state
drive set aside as what'’s called a page file or swap file. When a computer starts running out
of real RAM because you've loaded too many programs, the system swaps programs from
RAM to the page file, opening more space for programs currently active. All versions of
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Windows, Mac OS X, and Linux use virtual memory. Let’s use a typical Windows PC as
an example of how paging works.

EXAMTIP The default and recommended page-file size in Windows is 1.5
times the amount of installed RAM on your computer.

Let’s assume you have a PC with 4 GB of RAM. Figure 5-21 shows the system RAM asa
thermometer with gradients from 0 to 4 GB. As programs load, they take up RAM, and as
more and more programs are loaded (labeled A, B, and C in the figure), more RAM is used.

0GB 4GB
A B c r :

Figure 5-21 A RAM thermometer showing that more programs take more RAM

At a certain point, you won't have enough RAM to run any more programs
(see Figure 5-22). Sure, you could close one or more programs to make room for yet
another one, but you can't keep all of the programs running simultaneously. This is
where virtual memory comes into play.

Not enough RAM

0GB 4GB
- | ‘
A B C D

Figure 5-22 Not enough RAM to load program D

Windows’ virtual memory starts by creating a page file that resides somewhere on
your hard drive. The page file works like a temporary storage box. Windows removes
running programs temporarily from RAM into the page file so other programs can load
and run. If you have enough RAM to run all your programs, Windows does not need to
use the page file—Windows brings the page file into play only when insufficient RAM is
available to run all open programs.
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0GB 4GB

Figure 5-23 Program B being unloaded from memory

NOTE Virtual memory is a fully automated process and does not require any
user intervention. This is true of virtual memory in Windows, Mac OS X, and
Linux distributions (“distros”).

To load, Program D needs a certain amount of free RAM. Clearly, this requires un-
loading some other program (or programs) from RAM without actually closing any
programs. Windows looks at all running programs—in this case A, B, and C—and
decides which program is the least used. That program is then cut out of or swapped
from RAM and copied into the page file. In this case, Windows has chosen Program
B (see Figure 5-23). Unloading Program B from RAM provides enough RAM to load
Program D (see Figure 5-24).

0GB 4GB

Figure 5-24 Program B stored in the page file, making room for Program D
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It is important to understand that none of this activity is visible on the screen. Pro-
gram B’s window is still visible, along with those of all the other running programs.
Nothing tells the user that Program B is no longer in RAM (see Figure 5-25).

Program A

Program C

Program D

Figure 5-25 You can't tell whether a program is swapped or not.

So what happens if you click on Program B’s window to bring it to the front? The
program can’t actually run from the page file; it must be loaded back into RAM. First,
Windows decides which program must be removed from RAM, and this time Windows
chooses Program C (see Figure 5-26). Then it loads Program B into RAM (see Figure 5-27).

Swapping programs to and from the page file and RAM takes time. Although no
visual clues suggest that a swap is taking place, the machine slows down quite noticeably
as Windows performs the swaps. Page files are a crucial aspect of Windows operation.

0GB 4GB

' A
. .
f c Sl

Page file

Figure 5-26 Program Cis swapped to the page file.
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0GB - 4GB

Page file

Figure 5-27 Program B is swapped back into RAM.

Windows handles page files automatically, but occasionally you'll run into problems
and need to change the size of the page file or delete it and let Windows re-create it auto-
matically. The page file is pagefile.sys. You can often find it in the root directory of the C:
drive, but again, that can be changed. Wherever it is, the page file is a hidden system file,
which means in practice that you'll have to play with your folder-viewing options to see it.

If Windows needs to access the page file too frequently, you will notice the hard drive
access LED going crazy as Windows rushes to move programs between RAM and the
page file in a process called disk thrashing. Windows uses the page file all the time, but
excessive disk thrashing suggests that you need more RAM.

System RAM Recommendations

Microsoft sets very low minimum RAM requirements for the various Windows
operating systems to get the maximum number of users to upgrade or convert, and that’s
fine. Old Windows machines ran well enough on 128 MB of RAM. Windows Vista
raised the bar considerably, especially with the 64-bit versions of the operating system.
Microsoft recommends a minimum system requirement of 1 GB of RAM for 32-bit
versions of Windows and 2 GB of RAM for 64-bit versions. This applies to Windows
Vista/7/8/8.1/10. 1 think that results in dreadfully sluggish computers. Here are my
recommendations:

o 32-bit Windows 2 GB to get by; 4 GB for best results

o 64-bit Windows 4 GB to get by; 8 GB for a solid machine; 16+ GB for any
machine doing serious, processor-intensive work

169
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Figure 5-28 Mike has a lot of RAM!

The latest versions of Mac OS X require a minimum of 2 GB of RAM. Like Windows,
however, the 64-bit-only OS does much better with a lot more RAM. I would go with 4
GB at a minimum, 8 GB for good performance, and more for peak performance.

Linux RAM requirements and recommendations depend entirely on the distro used.
The mainstream ones, like Ubuntu, have requirements similar to Windows and Mac OS
X. But many distros get by on very minimal system requirements.

Finally, a lot of personal computing devices have memory soldered in place and can-
not be upgraded. That includes smartphones, tablets, and a host of portable computers,
like the MacBook Air.

Determining Current RAM Capacity

Before you go get RAM, you obviously need to know how much RAM you currently
have in your PC. Windows displays this amount in the System Control Panel applet
(see Figure 5-28). You can also access the screen with the wINDOWs-PAUSE/BREAK key-
stroke combination.

Windows also includes the handy Performance tab in the Task Manager (as shown in
Figure 5-29). The Performance tab includes a lot of information about the amount of
RAM being used by your PC. Access the Task Manager by pressing cTRL-sHIFT-Esc and
selecting the Performance tab.
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File Options View
Performance | App history | Startup | Users | Details | Services |

CPU
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Ethernet
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@ Fewer details | (8) Open Resource Monitor

Figure 5-29 Performance tab in Windows 8.1 Task Manager

ReadyBoost

Windows Vista and later versions offer a feature called ReadyBoost that enables you to
use flash media devices—removable USB thumb drives or memory cards—as super-fast,
dedicated virtual memory. The performance gain over using only a typical hard drive for
virtual memory can be significant with ReadyBoost because read/write access times on
flash memory blows hard drive read/write access times away. Plus, the added ReadyBoost
device or devices means Windows has multiple sources of virtual memory that it can use
at the same time.

Windows 7 and later can handle up to eight flash devices, whereas Windows Vista
can benefit from only one device. Devices can be between 1 and 32 GB in capacity. The
flash device’s file system matters in terms of how much memory Windows can use. Typi-
cally, the most you'll get out of a flash drive is 4 GB without manually changing the file
system. Finally, Microsoft recommends using 1-3x the amount of system RAM for the
ReadyBoost drives or devices to get optimal performance.
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NOTE See Chapter 10, Implementing Hard Drives,” for an explanation of the
differences between FAT, FAT32, NTFS, and exFAT.

Plug a ReadyBoost-approved device into a USB port or built-in flash memory
card reader slot. Right-click the device in Computer and select Properties. Click
the ReadyBoost tab and select the radio button next to either Dedicate this device to
ReadyBoost or Use this device (see Figure 5-30). Click Apply to enhance your system’s
performance.

| General | Tools | Hardware | Sharing | ReadyBoost | customize

Speed up your system by utilizing the available space on
this device.

(C) Do not use this device.
(® Dedicate this device to ReadyBoost.
() Use this device.

Space to reserve for system speed (may be less than
actual free space due to file system limits):

U [ m0sfs me

While the device is being used for system speed the
reserved space will not be available for file storage.

Windows recommends reserving 3810 MB for optimal
performance.

Privacy statement

Applv]

Figure 5-30 Dedicating a flash drive to ReadyBoost to enhance system performance

NOTE Adding more system memory will always give you or your clients a
far better boost in performance than messing with ReadyBoost. ReadyBoost
was essentially a bridge tool for Windows Vista adopters with marginal
systems. RAM is relatively cheap today. Add some and blow off ReadyBoost.
Just remember ReadyBoost for the exams.
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To do the perfect RAM upgrade, determine the optimum amount of RAM to install
and then get the right RAM for the motherboard. Your first two stops toward these
goals are the inside of the case and your motherboard manual. Open the case to see
how many sticks of RAM you have installed currently and how many free slots you

have open.

Check the motherboard book or RAM manufacturer’s Web site to determine the total
capacity of RAM the system can handle and what specific technology works with your

system.

You can’t put DDR4 into a system that can only handle DDR3 SDRAM, after all,
and it won't do you much good to install a pair of 4-GB DIMMs when your system tops

out at 4 GB. Figure 5-31 shows the RAM limits for an ASUS Crosshair motherboard.

Crosshair specifications summary
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ECC, un-buffered memary

2 x PCI Express x16 slot with NVIDIA& SLI™ technology
support, at full x16, x16 speed

1 x PCI Express x4

3xPClaz

Support two Identical NVIDIA SLI-Ready graphics cards
{both at x16 moda)

ASUS two-slot thermal design

ASUS PEG Link
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featuring ADI 19838 8-channel High Definition Audio
CODEC

Support Jack-Sensing, Enumerztion, Multi-streaming and
Jack-Retasking
& channel audio ports
Coaxlal, Optical S/PDIF cut on back VO part

* ASLS Array Mic

* Moise Filter

NVIDIA nFares® 590 SLI™ MCP supports:

* 1 x Uttra DMA 133/ 100/ 66 /33

* 6 x Serial ATA 3.0Gh/s with NCQ

* NVIDIA MediaShield™ RAID supports RAID 0, 1, 041,
5 and JBOD span cross Serial ATA drives

Silicon Imagei® 3132 SATA contoller supparts:

* 2 x Extemal Serial ATA 3.0Ghs port on back 10 [SATA
On-the-Go)

* Support RAID 0, 1, JBOD, RAID 0+1{10) and 5 through
multiplier

fevmtismuent o the west prige )

Figure 5-31 The motherboard book shows how much RAM the motherboard will handle.
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NOTE The freeware CPU-Z program tells you the total number of slots on
your motherboard, the number of slots used, and the exact type of RAM in
each slot—very handy. CPU-Z not only determines the latency of your RAM
but also lists the latency at a variety of motherboard speeds. The media
accompanying this book has a copy of CPU-Z, so check it out or download it
from www.cpuid.com.

Mix and Match at Your Peril

All motherboards can handle different capacities of RAM. If you have three slots, you
may put a 2-GB stick in one and a 4-GB stick in the other with a high chance of success.
To ensure maximum stability in a system, however, shoot for as close as you can get to
uniformity of RAM. Choose RAM sticks that match in technology, capacity, and speed.

Mixing Speeds
With so many different DRAM speeds available, you may often find yourself tempted
to mix speeds of DRAM in the same system. Although you may get away with mix-
ing speeds on a system, the safest, easiest rule to follow is to use the speed of DRAM
specified in the motherboard book, and make sure that every piece of DRAM runs at that
speed. In a worst-case scenario, mixing DRAM speeds can cause the system to lock up
every few seconds or every few minutes. You might also get some data corruption. Mix-
ing speeds sometimes works fine, but don’t do your tax return on a machine with mixed
DRAM speeds until the system has proven to be stable for a few days. The important thing
to note here is that you won't break anything, other than possibly data, by experimenting.
Okay, I have mentioned enough disclaimers. Modern motherboards provide some flex-
ibility regarding RAM speeds and mixing, First, you can use RAM that is faster than the
motherboard specifies. For example, if the system needs PC-3200 DDR2 SDRAM, you
may put in PC-4200 DDR2 SDRAM and it should work fine. Faster DRAM is not going
to make the system run any faster, however, so don't look for any system improvement.
Second, you can sometimes get away with putting one speed of DRAM in one bank
and another speed in another bank, as long as all the speeds are as fast as or faster than the
speed specified by the motherboard. Don't bother trying to put different-speed DRAM
sticks in the same bank with a motherboard that uses dual-channel DDR.

Installing DIMMs

Installing DRAM is so easy that it’s one of the very few jobs I recommend to non-techie
folks. First, attach an anti-static wrist strap or touch some bare metal on the power supply
to ground yourself and avoid ESD. Then swing the side tabs on the RAM slots down from
the upright position. Pick up a stick of RAM—don't touch those contacts—and line up
the notch or notches with the raised portion(s) of the DIMM socket (see Figure 5-32).
A good hard push down is usually all you need to ensure a solid connection. Make sure
that the DIMM snaps into position to show it is completely seated. Also, notice that the
two side tabs move in to reflect a tight connection.
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Figure 5-32
Inserting a DIMM

Serial Presence Detect (SPD)

Your motherboard should detect and automatically set up any DIMM you install,
assuming you have the right RAM for the system, using a technology called serial pres-
ence detect (SPD). RAM makers add a handy chip to modern sticks called the SPD chip
(see Figure 5-33). The SPD chip stores all the information about your DRAM, including
size, speed, ECC or non-ECC, registered or unregistered, and a number of other more
technical bits of information.

When a PC boots, it queries the SPD chip so that the MCC knows how much RAM
is on the stick, how fast it runs, and other information. Any program can query the SPD
chip. Take a look at Figure 5-34 with the results of the popular CPU-Z program showing
RAM information from the SPD chip.

Figure 5-33
SPD chipona
stick
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Figure 5-34

RAM information CPU | Caches | Mainboard | Memory  SPD | Graphics | Bench | About |

CPU-Z showing

—Memory Slot Selection

[FEES -] [oor3
Module Size | 2048 MBytes Carrection
Max Bandwidth | PC3-10700 (667 MHz) Registered
Manufacturer | Kingston Buffered
Part Number | 9905458-001.A00LF soExt. [
Serial Number | 92398438 WeekfYear [ 04/10

~Timings Table

JEDEC #1 JEDEC #2 JEDEC #3 JEDEC #4
Frequency | 457MHz | 533MHz | 609MHz | 666MHz
CAS#latency | 60 | 70 | ; [ 9.0
RAS#toCAS# | 6 [
RAS#Precharge | 6 |
Ras | 17 |
|

|

7
T
20

e | 23 27
Command Rate |

Voltage | 1.50V

|
|
|
|

150V 150V

CPU-Z ver. 1.73.0x64 _Toos || vaidate |

All new systems count on SPD to set the RAM timings properly for your system when
it boots. If you add a RAM stick with a bad SPD chip, you'll get a POST error message
and the system will not boot. You can’t fix a broken SPD chip; you just buy a new stick
of RAM.

The RAM Count
Older systems display the RAM count during the initial boot sequence. After installing
the new RAM, turn on the PC and watch the boot process closely. If you installed the
RAM correctly, the RAM count on the PC reflects the new value (compare Figures 5.35
and 5.36). If the RAM value stays the same, you probably have installed the RAM in
a slot the motherboard doesn't want you to use (for example, you may need to use a
particular slot first) or have not installed the RAM properly. If the computer does not
boot and you've got a blank screen, you probably have not installed all the RAM sticks
correctly. Usually, a good second look is all you need to determine the problem. Reseat
or reinstall the RAM stick and try again. RAM counts are confusing because RAM uses
megabytes and gigabytes as opposed to millions and billions. Here are some examples of
how different systems would show 256 MB of RAM:

268435456 (exactly 256 x 1 MB)

256M (some PCs try to make it easy for you)

262,144 (number of KB)
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Figure 5-35 Avard Modular BIOS v6.8BPG. An Energy Star Ally
Hey, where's the Copyright (C> 1984-2605,. Awvard Software. Inc.

rest of my RAM?! GA-K8NP F13
Processor : AMD Athlon{tm> 64 Processor 3200+
<CPUID:8888F4A Patch ID:B8A3A>
Memory Testing : 1048576K OK '«
CPU clock frequency : 288 Mhz
Detecting IDE drives ...

Figure 5-36 Auvard Modular BIOS v6.BBPG, An Energy Star Ally
RAM count after Copyright <(C> 1984-2885, Award Software. Inc.
proper insertion GA-K8NFP F13

of DIMMs Processor : AMD Athlon{tm)> 64 Processor 32008+

<CPUID:PABAF4A Patch 1D:0A83AQ>
Memory Testing = 3145728K OK
CPU clock fregquency : 208 Mh=z

Detecting IDE drives ...

You should know how much RAM you're trying to install and use some common sense.
If you have 2 GB and you add another 2-GB stick, you should end up with 4 gigabytes
of RAM. If you still see a RAM count of 2147483648 after you add the second stick,
something went wrong!

Installing SO-DIMMs in Laptops

It wasn’t that long ago that adding RAM to a laptop was either impossible or required
you to send the system back to the manufacturer. For years, every laptop maker had
custom-made, proprietary RAM packages that were difficult to handle and staggeringly
expensive. The wide acceptance of SO-DIMMs has virtually erased these problems. Most
laptops now provide relatively convenient access to their SO-DIMMs, enabling easy
replacement or addition of RAM.

Access to RAM usually requires removing a panel or lifting up the keyboard—
the procedure varies among laptop manufacturers. Figure 5-37 shows a typical
laptop RAM access panel. You can slide the panel off to reveal the SO-DIMMs.
Slide the pins into position and snap the SO-DIMM down into the retaining clips
(see Figure 5-38).

Before doing any work on a laptop, turn the system off, disconnect it from the AC wall
socket, and remove any removable batteries. Use an anti-static wrist strap because laptops
are far more susceptible to ESD than desktop PCs.
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Figure 5-37
A RAM access
panel on a laptop

Figure 5-38
Snappingina
SO-DIMM

Troubleshooting RAM

“Memory” errors show up in a variety of ways on modern systems, including parity
errors, ECC error messages, system lockups, page faults, and other error screens. These
errors can indicate bad RAM but often point to something completely unrelated. This
is especially true with intermittent problems. Techs need to recognize these errors and
determine which part of the system caused the memory error.

You can get two radically different types of parity errors: real and phantom. Real
parity errors are simply errors that the MCC detects from the parity or ECC chips (if you
have them). The operating system then reports the problem in an error message, such as
“Parity error at xeecxxeoxy, where xxxxxooooex is a hexadecimal value (a string of
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numbers and letters, such as ASF2:004EEAB9). If you get an error like this, write down
the value. A real parity/ECC error shows up at the same place in memory each time and
almost always indicates that you have a bad RAM stick.

Phantom parity errors show up on systems that don’t have parity or ECC memory. If
Windows generates parity errors with different addresses, you most likely do 7ot have a
problem with RAM. These phantom errors can occur for a variety of reasons, including
software problems, heat or dust, solar flares, fluctuations in the Force...you get the idea.

System lockups and page faults (they often go hand in hand) in Windows can indicate
a problem with RAM. A system lockup is when the computer stops functioning. A page
faultis a milder error that can be caused by memory issues but not necessarily system RAM
problems. Certainly page faults look like RAM issues because Windows generates fright-
ening error messages filled with long strings of hexadecimal digits, such as “KRNL386
caused a page fault at 03F2:25A003BC.” Just because the error message contains a memo-
ry address, however, does not mean that you have a problem with your RAM. Write down
the address. If it repeats in later error messages, you probably have a bad RAM stick. If
Windows displays different memory locations, you need to look elsewhere for the culprit.

Every once in a while, something potentially catastrophic happens within the PC,
some little electron hits the big red panic button, and the operating system has to shut
down certain functions before it can save data. This panic button inside the PC is called
a non-maskable interrupt (NMI), more simply defined as an interruption the CPU cannot
ignore. An NMI manifests as a proprietary crash screen. In Windows Vista and Windows 7,
for example, the crash screen is what techs call the Blue Screen of Death (BSoD)—a bright
blue screen with a scary-sounding error message on it (see Figure 5-39).

o problem has been detected and windows bas besn shut down to prevent damage
O your compLtar.

The problem seems to be caused by the following file: sFCMocow. 573
FAGE_FAULT_IM_MCOWPAGED _AREA

If thiz 1= tha first Time you'we seen this Stop error scraen,

restart your computer. I this screen appears again, follow

these steps:

Check to make sure amy new hardware or software is properly installed.
If this is a new installation, ask your harcdware or software manufacturer
for any windows updates you might need.

If problems continue, dissble or remove any newly fnstalled hardware
or zoftwara. Dizable BIos mawory optians such as caching or shadowing.
If you neesd to use Safe Mode to remove or disable components, restart
your computer, press FA to select Advanced Startup options, and then
zalect safe mods.

Technical dnformation:

wEW STOP: OxQ0000050 (0xFOD3094C2, Dx0DI0D00L, OxFBFETELT, 0x00000000)

WE¥  SPCMDCOM. S¥S — Address FEFETELT base at FBFES00O, Datestamp 3deddb7c

Figure 5-39 Blue Screen of Death

Windows 8/8.1/10 display a blue screen with a sad face and the words to the effect of
Windows has a problem. Restart the machine. Mac OS X will display a spinning rainbow
wheel called the pinwheel of death. The response is the same: reboot the machine.
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Bad RAM sometimes triggers an NMI, although often the culprit lies with buggy
programming or clashing code. The BSoD varies according to the operating system, and
it would require a much lengthier tome than this one to cover all the variations. Suffice it
to say that RAM could be the problem when that delightful blue screen appears.

Finally, intermittent memory errors can come from a variety of sources, including a
dying power supply, electrical interference, buggy applications, buggy hardware, and so
on. These errors show up as lockups, general protection faults, page faults, and parity
errors, but they never have the same address or happen with the same applications. I
always check the power supply first.

Testing RAM

Once you discover that you may have a RAM problem, you have a couple of options.
First, several companies manufacture hardware RAM-testing devices. Second, you can
use the method I use—replace and pray. Open the system case and replace each stick, one
at a time, with a known good replacement stick. (You have one of those lying around,
don't you?) This method, although potentially time-consuming, certainly works. With
PC prices as low as they are now, you could simply replace the whole system for less than
the price of a dedicated RAM tester.

Third, you could run a software-based tester on the RAM. Because you have to load a
software tester into the memory it’s about to scan, there’s always a small chance that simply
starting the software RAM tester might cause an error. Still, you can find some pretty good
free ones out there. Windows 7 and later include the Windows Memory Diagnostic tool,
which can automatically scan your computer’s RAM when you encounter a problem. If
you're using another OS, my favorite tool is memtest86+ (www.memtest.org). The mem-
test86+ software exhaustively checks your RAM and reports bad RAM when it finds it
(see Figure 5-40).

MemtestB86+ wv4.20 Pass 41% sununuunsnpnnnnn

Intel Core i7 2671 MHz i Test B9% S#BHGBHBSHSHRSRRRRBRRRRESY

L1 Cache: 32K 89948 MBrs | Test #6 [Moving inversions, 32 bit patternl
L2 Cache: 256K 37626 MBs/s ! Testing: 1B4R - 284BM 2848M

L3 Cache: 8192K one i Pattern: f7fiffff

Memory : 2848M 43794 MB/s
Chipset : Core IMC (ECC : Detect ~ Correct) Scrub+ ~ BCLR : B MHz
Settings: RAM : 8 MHz (DDR3- B) » CAS : 19-15-15-31 ~ Triple Channel

HallTime Cached RswvdMemr MemMap Cache ECC Test Pass Errors ECC Errs

B:83:39  2848M 4K ef28 on off Std 2] 2]

Figure 5-40 Memtest86+ in action
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NOTE A general protection fault (GPF) is an error that can cause an
application to crash. Often GPFs are caused by programs stepping on each
other’s toes. Chapter 17, “Troubleshooting Operating Systems,’ goes into
more detail on GPFs and other Windows errors.

Chapter Review

Questions

10

3

.

Steve adds a second 1-GB 240-pin DIMM to his PC, which should bring the
total RAM in the system up to 2 GB. The PC has an Intel Core 2 Duo 3-GHz
processor and three 240-pin DIMM slots on the motherboard. When he turns on
the PC, however, only 1 GB of RAM shows up during the RAM count. Which of
the following is most likely to be the problem?

A. Steve failed to seat the RAM properly.

B. Steve put DDR SDRAM in a DDR 2 slot.

C. The CPU cannot handle 2 GB of RAM.

D. The motherboard can use only one RAM slot at a time.

Scott wants to add 512 MB of PC100 SDRAM to an aging but still useful desktop
system. The system has a 100-MHz motherboard and currently has 256 MB of
non-ECC SDRAM in the system. What else does he need to know before installing?

A. What speed of RAM he needs.

B. What type of RAM he needs.

C. How many pins the RAM has.

D. If the system can handle that much RAM.

What is the primary reason that DDR2 RAM is faster than DDR RAM?
A. The core speed of the DDR2 RAM chips is faster.

B. The input/output speed of the DDR2 RAM is faster.

C. DDR RAM is single-channel and DDR2 RAM is dual-channel.

D. DDR RAM uses 184-pin DIMMs and DDR2 uses 240-pin DIMMs.

What is the term for the delay in the RAM'’s response to a request from the
MCC?

A. Variance

B. MCC gap

C. Latency

D. Fetch interval
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5. How does an NMI manifest on a Mac OS X system?
A. Blue Screen of Death.
B. Pinwheel of death.
C. Interrupt of death.
D. NMIs only happen on Windows systems.

6. Silas has an AMD-based motherboard with two sticks of DDR2 RAM installed
in two of the three RAM slots, for a total of 2 GB of system memory. When he
runs CPU-Z to test the system, he notices that the software claims he’s running
single-channel memory. What could be the problem? (Select the best answer.)

A. His motherboard only supports single-channel memory.

B. His motherboard only supports dual-channel memory with DDR RAM, not
DDR2.

C. He needs to install a third RAM stick to enable dual-channel memory.

D. He needs to move one of the installed sticks to a different slot to activate
dual-channel memory.

7. Which of the following Control Panel applets will display the amount of RAM in
your PC?

A. System

B. Devices and Printers
C. Device Manager

D. Action Center

8. What is the best way to determine the total capacity and specific type of RAM
your system can handle?

A. Check the motherboard book.

B. Open the case and inspect the RAM.

C. Check the Device Manager.

D. Check the System utility in the Control Panel.

9. Gregor installed a third stick of known good RAM into his Core i7 system,
bringing the total amount of RAM up to 3 GB. Within a few days, though, he
started having random lockups and reboots, especially when doing memory-
intensive tasks such as gaming. What is most likely the problem?

A. Gregor installed DDR RAM into a DDR2 system.
B. Gregor installed DDR2 RAM into a DDR3 system.

C. Gregor installed RAM that didn’t match the speed or quality of the RAM in
the system.

D. Gregor installed RAM that exceeded the speed of the RAM in the system.
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10. Cindy installs a second stick of DDR3 RAM into her Core i5 system, bringing
the total system memory up to 4 GB. Within a short period of time, though, she
begins experiencing Blue Screens of Death. What could the problem be?

A. She installed faulty RAM.
B. The motherboard could only handle 2 GB of RAM.
C. The motherboard needed dual-channel RAM.

D. There is no problem. Windows always does this initially, but gets better after
crashing a few times.

Answers

1. A. Steve failed to seat the RAM properly.

2. D. Scott needs to know if the system can handle that much RAM.

3. B. The input/output speed of DDR2 RAM is faster than that of DDR RAM
(although the latency is higher).

4. C.CLétcncy is the term for the delay in the RAM’s response to a request from the
MCC.

5. B. A non-maskable interrupt on a Mac OS X system often results in the spinning
pinwheel called the pinwheel of death.

6. D. Motherboards can be tricky and require you to install RAM in the proper
slots to enable dual-channel memory access. In this case, Silas should move one
of the installed sticks to a different slot to activate dual-channel memory. (And he
should check the motherboard manual for the proper slots.)

7. A. You can use the System applet to see how much RAM is currently in your PC.

8. A. The best way to determine the total capacity and specific type of RAM your
system can handle is to check the motherboard book.

9. C. Most likely, Gregor installed RAM that didn’t match the speed or quality of
the RAM in the system.

10. A. If you have no problems with a system and then experience problems after
installing something new, chances are the something new is at fault.



