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CHAPTER 6

COMPUTER ARCHITECTURE

How Does a Computer Work?

IN THIS CHAPTER

This chapter provides your students with an explanation of how computers work and why the choice of CPU and RAM capacity is so important in computer performance. 

First, you’ll lead your students through an overview of what happens when music on a peripheral storage device is played on computer speakers. A four-step process details the movement of the information and its conversion into sound. 

Second, you’ll find a section on information representation inside a computer that includes a discussion of ASCII, EBCDIC, and Unicode.

Third, the crucial roles of the CPU and RAM are explained. The four steps of the machine cycle, which is the processing procedure for all instructions, both operating system and application types. 

Fourth, your students will learn about connectors on devices and the ports that accommodate them on the computer. 

The last section is devoted to notebook computers and how they differ from desktop models. They’re smaller and must carry their own power, their CPUs and RAM modules differ a little from those for desktop computers, and expansion to include extra peripherals is achieved differently. 

STUDENT LEARNING OUTCOMES

1. Identify the system unit, as well as the motherboard, and its important components.

2. Define ASCII and describe how information is represented inside a computer.

3. Describe the role of the CPU, RAM, and CPU cycles in the functioning of a computer.

4. Define and explain the role of connectors, ports, expansion buses, expansion cards, and expansion slots.

5. Describe how you connect external devices to your computer.

SIMNET CONCEPTS SUPPORT

· The Motherboard (p. 164)

· Inside the Computer (p. 166)

· Data Representation Using Binary Codes (p. 168)

· The CPU (p. 169)

· Memory (p. 169)

· System Clock (p. 171)

· Ports and Cables (p. 177)

· Expansion Cards and Slots (p. 179)

WEB SUPPORT (at www.mhhe.com/i-series)

· CPUs

· RAM

· Wireless Devices

LECTURE OUTLINE

DID YOU KNOW?

6.1 THE BIG PICTURE (p. 163)

A. The Journey from an External Storage Device to an Output Device

· Step 1: Connecting to the Computer

· Step 2: Bringing the Music Inside

· Step 3: Loading and processing the Music Data

· Step 4: Music Comes out of the Speakers, Finally!

6.2 REPRESENTING INFORMATION INSIDE A COMPUTER (p. 167)

A. Binary

B. ASCII, EBCDIC, and Unicode

6.3 CPU, RAM and Machine Cycles (p. 169)

A. The Central Processing Unit (CPU)

B. Random Access Memory (RAM)

C. How Instructions Are Processed

D. CPU and RAM Productivity Issues

· CPU Speed

· Classes of CPUs

· RAM Capacity

· RAM and Virtual Memory

6.4 MAKING CONNECTIONS (p. 175)

A. Connectors and Ports

· USB Connectors and Ports

· Firewire Connectors and Ports

· Serial Connectors and Ports

· Parallel Connectors and Ports

· Wireless Ports

B. Expansion Cards and Slots for Desktop Computers 

C. Buses

6.5 NOTEBOOK COMPUTERS (p. 180)


A. Notebook CPUs and RAM


B. Expansion Cards and Slots for Notebook Computers

6.6 CONSUMER Q&A (p. 182)

1. Why Does My USB Device Not Work Right in My USB Port?

2. How Long Can I Expect My Notebook Battery to Last?

3. How Do I Connect Multiple Devices to a USB or Firewire Port?

6.7 SUMMARY AND KEY TERMS (p. 183)

END-OF-CHAPTER SUPPORT (p. 185-191)

· Level 1

· Multiple Choice

· True/False

· Level 2

· Working with Nibbles

· Comparing CPUs to the Human Body

· Can You Identify Ports and Components?

· Level 3

· E-Commerce

· Ethics, Security, & Privacy

· On the Web

· Group Activities

KEY TERMS

	 KEY TERM
	IM PAGE
	TEXT PAGE

	AGP bus
	6.22
	180

	AGP slot
	6.22
	179

	Arithmetic logic unit (ALU)
	6.15
	170

	ASCII (American Standard Code for Information Interchange)
	6.12
	168

	Bit
	6.12
	167

	Bluetooth
	6.20
	178

	Bus (data bus)
	6.22
	179

	Byte
	6.12
	167

	Central processing unit (CPU or processor)
	6.10
	165

	Connector
	6.10
	165

	Control Unit
	6.15
	170

	CPU cache
	6.15
	170

	CPU clock
	6.15
	171

	EBCDIC
	6.12
	168

	Expansion bus
	6.10
	165

	Expansion card (board)
	6.10
	166

	Expansion slot
	6.10
	166

	Firewire (IEEE 1394 or I-Link) connector
	6.19
	177

	Firewire port
	6.19
	177

	Gigahertz (GHz) for a CPU
	6.17
	171

	Hardware key logger
	6.20
	177

	Hot swap
	6.19
	176

	Interface hardware
	6.22
	179

	IrDA (infrared data Association) also known as IR or infrared, port
	6.20
	178

	Machine cycle (CPU cycle)
	6.15
	170

	Megahertz (MHz) for a CPU
	6.17
	171

	Mobile CPU
	6.24
	181

	Motherboard
	6.10
	164

	Parallel connector
	6.20
	177

	Parallel port
	6.20
	177

	PC Card
	6.24
	181

	PC Card slot
	6.24
	181

	PCI (peripheral component interconnect) slot
	6.22
	179

	PCI bus
	6.22
	180

	Plug and play
	6.19
	176

	Port
	6.10
	165

	PS/2 connector
	6.20
	177

	PS/2 port
	6.20
	177

	RAM (random access memory)
	6.10
	165

	Serial connector
	6.19
	177

	Serial port
	6.19
	177

	System bus
	6.15
	170

	System unit
	6.9
	162

	USB port
	6.19
	176

	Unicode
	6.12
	168

	USB (universal serial bus) connector
	6.19
	176

	Virtual memory
	6.17
	174


LECTURE NOTES AND TEACHING TIPS

CROSSWORD PUZZLE
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DID YOU KNOW?

Gordon Moore, co-founder of Intel, coined Moore’s Law in 1965, which says that computing power doubles every eighteen months. Below are some examples of CPU power. 

· The Intel 8080 CPU, introduced in 1974, was one of the very early CPUs for consumer computers. It had 6,000 transistors and could manage a speed of up to 2 megahertz. Intel’s contemporary Pentium 4 can run at a speed of 3.06 gigahertz (that’s 1,530 times faster than the 8080) and has 55 million transistors (that’s almost 10,000 times as many as the 8080). 

· The Cray X1, one of biggest, fastest computers in the world, is a super computer. Instead of one, or maybe two CPUs, it is scalable and can have up to 4,096 CPUs in 64 separate modules, called cabinets, that are tied together. The only catch is that it costs millions of dollars.

· The chief technology office at Intel says that Intel expects to be selling 15-gigahertz CPUs for desktop computers (which is roughly 5 times the current speed) by 2010. PDAs should be running 5-gigahertz CPUs by that time. 

The speed of processing has been shooting up since the first processors. At the same time the price has been coming down. This trend shows no sign of ending, and most experts, Moore included, now expect Moore’s law to hold until about 2017. There are some signs that the pace may have slowed somewhat. It may be that the doubling will take up to five years. 

6.1 THE BIG PICTURE

This chapter concentrates on what happens inside the system unit where information is processed, and often stored. On page 162, Figure 6.1 shows examples of system units of various sizes.

Key Terms:

· System unit – the case or box with the motherboard, internal storage units, and power supply. (p. 162)

	INSTRUCTOR EXCELLENCE – PRESENTATION TIP

1. The idea of having this big-picture section is to provide an overview of internal computer components and how they work together before they become bogged down in the details.

2. Since this is a very concrete topic, a physical demonstration would be good. 

3. If you have computer available with an external unit, like a laptop computer with an external hard disk or a CD or DVD player, you could use that system as the basis of your discussion.

4. Even without an external device, you can point out the process using an internal storage device.


In this section you’ll lead your students through the process of retrieving information from a storage device and producing output in the desired form, in this case, as sound. 

The external hard disk used in the example is an Archos hard disk (see Figure 6.2 on page 163) that is often used to store MP3 compressed music files. 

THE JOURNEY FROM AN EXTERNAL STORAGE DEVICE TO AN OUTPUT DEVICE

The basis of the discussion is Figure 6.3 on page 165, which is a photo of a motherboard annotated so that your students can identify the components. On the outside, the Archos is connected to the computer (see Figure 6.4 on page 165, for a photo of an Archos entertainment center connected to a notebook computer). 

The process of playing the stored music on the computer is separated into 4 easy-to-understand steps:

1. Provide a pathway for the information to travel from the device to the motherboard by connecting the device to the motherboard with a cable.

2. Tell the CPU to bring the music file to RAM by clicking on the file you want.

3. Bring the music file to the motherboard. It travels on the expansion bus from the storage device, and is loaded into RAM in the form of 0s and 1s. The application software you’re using (like WinAmp or MediaPlayer) converts the music from its binary format to sound format.

4. The CPU uses the operating system to send the music to the sound card (see Figure 6.5 on page 166), which is a type of expansion card, which in turn sends the music to the speakers. 

Key Terms:

· Motherboard – the major circuit board inside the system unit connecting all computer components together so that information and instructions can move between them. (p. 164)

· Connector – the plug on the end of a wire from a device, like a printer, hard disk, or scanner, that you use to connect the device to the computer. (p. 165)

· Port – the place on your system unit, monitor, or keyboard through which information and instructions flow to your computer system. (p. 165)

· Central processing unit (CPU or processor) – the chip that carries out instructions it receives from your software. (p. 165)

· RAM (random access memory) – temporary memory that holds software instructions and information for the CPU. (p. 165)

· Expansion bus – the highway system on the motherboard that moves information coming from and going to devices outside the motherboard. (p. 165)

· Expansion slot - a long skinny socket on the motherboard into which you insert an expansion card. (p. 166)

· Expansion card (board) – a circuit board that you insert into the expansion slot on the motherboard and to which you connect a peripheral device. (p. 166)

	INSTRUCTOR EXCELLENCE – SIMNET

1. The SimNet Concepts Support CD contains a tutorial called “The Motherboard.”

2. It introduces your students to the components of the motherboard, essential for understanding how a computer works. 


	INSTRUCTOR EXCELLENCE – SIMNET

1. The SimNet Concepts Support CD contains a tutorial called “Inside the Computer.”

2. It helps reinforce the topics in this section. 


MAKING THE GRADE
1. A connector is the plug on the end of a wire from a device that you use to connect the device to the computer. (p. 165)

2. The place on your system unit, through which information and instructions flow, is called a port. (p. 165)

3. The central processing unit (CPU or processor) is the chip that carries out instructions it receives from your software. (p. 165)

4. An expansion slot is a long skinny socket on the motherboard into which you insert an expansion card. (p. 166)

5. The expansion bus forms the highway system on the motherboard that moves information coming from and going to devices outside the motherboard. (p. 165)

6.2 REPRESENTING INFORMATION INSIDE A COMPUTER

	INSTRUCTOR EXCELLENCE – PRESENTATION TIP

1. With the aid of several flashlights, you can demonstrate binary very well. Turn a flashlight on for 1 and off for 0. 

2. An even simpler demonstration of binary (a two-valued system) is to turn the overhead light on and off.


BINARY

All information that is in a computer’s storage, memory, CPU, expansion cards, or moving on the system or expansion buses is in the form of bits or 1’s and 0’s. A binary system is any two-valued system – like on/off, up/down, in/out, etc.  Bits are grouped together into bytes of 8 bits each. Each byte represents a natural language character. These 8-bit groupings allow for 256 distinct patterns.

See Figure 6.6 on page 167 for a graphical representation of ASCII, the coding system that most consumer computers use.

Key Terms:

· Bit – a 1 or 0. (p. 167)

· Byte – 8 bits used to represent one natural language character. (p. 167)

ASCII, EBCDIC, AND UNICODE

ASCII is not the only coding system that computers use.  Large IBM computers have traditionally used EBCDIC. A newer coding system is called Unicode and has 16 bits instead of 8, allowing over 65,000 patterns. 

Key Terms:

· ASCII (American Standard Code for Information Interchange) – eight-bit coding system that most personal computers use. (p. 168)

· EBCDIC – the set of patterns making up the coding system that large IBM computers use. (p. 168)

· Unicode – the coding system that uses 16 bits instead of 8, allowing for approximately 65,000 (216) different patterns. (p. 168)

Figure 6.7 on page 168 shows a table of English-language characters and their equivalents in ASCII and in EBCDIC.

	INSTRUCTOR EXCELLENCE – SIMNET

1. The SimNet Concepts Support CD contains a tutorial called “Data Representation Using Binary Codes.”

2. This tutorial discusses the binary encoding used for computers.


MAKING THE GRADE

1. A 1 or a 0 is called a bit which stands for binary digit. (p. 167)

2. A group of 8 bits that represent a natural language character is called a byte. (p. 167)

3. The 8-bit coding system that most personal computers use is called ASCII. (p. 168)

4. A coding system that uses 16 bits instead of 8 is called Unicode. (p. 168)

5.  The term binary stands for any two-valued system. (p. 167)

6.3 CPU, RAM AND MACHINE CYCLES
	INSTRUCTOR EXCELLENCE – PRESENTATION TIP

1. If you can get a computer somewhere that’s no longer in use, you’ll find it very helpful to students if you bring it into the classroom and point out the components as you’re discussing them.

2. If you can’t find an old computer lying around, you can buy one at a flea market or an online auction site for a few dollars. It doesn’t have to be a new one. 

3. Also remember that you can take the cost of hardware you buy for classroom demonstration as a tax deduction. 


As we’ve pointed out before, the CPU and RAM constitute the engine of the computer. They are the two most influential components in the power and speed of a computer.

THE CENTRAL PROCESSING UNIT (CPU)

As well as considering the CPU as part of the engine of a computer, it’s also helpful to use the analogy of a CPU to the human brain.  The operating system instructions of the body are those instructions that keep it functioning, like the digestive system. The application instructions are those that let you use your body, like using your hands to type. 

Figure 6.8 on page 169 shows what a CPU looks like.

	INSTRUCTOR EXCELLENCE – SIMNET

1. The SimNet Concepts Support CD contains a tutorial called “The CPU.”

2. It introduces your students to the CPU.


RANDOM ACCESS MEMORY (RAM)

Random access memory is the temporary storage that the CPU uses while processing information. It holds four types of information:

1. Operating system instructions to keep the computer running.

2. Application instructions allowing you to use the computer for something you need done.

3. The file you’re working on, like a music file or an image.

4. Keyboard and mouse signals.

	INSTRUCTOR EXCELLENCE – SINMET

1. The SimNet Concepts Support CD contains a tutorial called “Memory.”

2. It will help reinforce the topics discussed in this section.


HOW INSTRUCTIONS ARE PROCESSED

Instructions from operating system and application software are processed in a very precise manner called a machine, or CPU, cycle. It consists of 4 steps:

1. Retrieve an instruction.

2. Decode the instruction.

3. Execute the instruction.

4. Store the result in RAM.

Figure 6.9 on page 170 is a graphical representation of the steps of the machine cycle and Figure 6.10 on page 171 is a table of these same steps. 

Key Terms:

· Machine cycle (CPU cycle) – the process of retrieving, decoding, and executing the instruction, then returning the result to RAM, if necessary. (p. 170)

· Control unit – the component of the CPU that directs what happens in your computer. (p. 170)

· System bus – the electrical pathways that move information between basic components of the motherboard, including between RAM and the CPU. (p. 170)

· CPU cache – the type of memory on the CPU where instructions called up by the CPU wait until the CPU is ready to use them. (p. 170)

· Arithmetic logic unit (ALU) – a component of the CPU that performs arithmetic, as well as comparison and logic operations. (p. 170)

· CPU clock – a sliver of quartz that beats at regular intervals in response to an electrical charge. (p. 171)

	INSTRUCTOR EXCELLENCE – TO THE WEB

1. This would be a good point at which to explain pipelining, which is a way to speed up processing within the CPU.
2. A good site with information on pipelining is

     www.webopedia.com/TERM/P/pipelining.html
3. The idea is that at any one time, up to four instructions are being executed in the CPU at the same time.

4. When the first instruction gets to the second step of processing a new instruction is loaded and starts with step 1. 

5. As the first instruction moves into step 3 the second move to step 2 and a third instruction gets started.

6. Then, as the first instruction gets to step 4, the others move up one step and a fourth instruction starts being processed.


	INSTRUCTOR EXCELLENCE – SIMNET

1. The SimNet Concepts Support CD contains a tutorial called “System Clock.”

2. It introduces your students the system clock in a computer.


CPU AND RAM PRODUCTIVITY ISSUES

Since the CPU and RAM (see Figure 6.13 on page 173 for a photo of a RAM module) are the internal computer components that have the most effect on the speed of a computer, understanding what to look for when buying a computer is very important.

The speed of CPUs is measured in megahertz or gigahertz, and the terms refer to the number of millions and billions, respectively, of machine cycles per second. 

The amount of RAM is vitally important in computer processing. If there’s not enough room in RAM for all the instructions and information that need to be there, the CPU borrows space on the hard disk to store instructions until it needs them, at which point it brings them back into RAM. This process is considerably slower than having the instructions in RAM the whole time.  The hard disk space that’s being used as RAM is called virtual memory. 

Key Terms:

· Megahertz (MHz) for a CPU – the number of millions of CPU cycles per second. (p. 171)

· Gigahertz (GHz) for a CPU – the number of billions of CPU cycles per second. (p. 171)

· Virtual memory – the space on your hard disk that holds software instructions for a program currently in use. (p. 174)

Figure 6.14 on page 174 shows graphically the concept of virtual memory.

	INSTRUCTOR EXCELLENCE – PRACTICALLY SPEAKING

1. As well as making transistors smaller and smaller in order to fit more of them onto as tiny a CPU as possible, chip manufacturers are researching other ways to make computers go faster.

2. One such method from Intel is hyperthreading the CPU.

3. This means that one CPU can work on more than one task at a time, speeding up the overall performance of the CPU.


	INSTRUCTOR EXCELLENCE – BREAK-OUT

1. This would be a good place to assign the Group Activities project #3 on page 191. 

2. It involves acting out a machine cycle. 

3. You could ask groups to do it among themselves or ask for volunteers to demonstrate before the class.

4. It often works well to assign a group of “advisors” to each of the volunteers so that they don’t feel so self-conscious.


 MAKING THE GRADE
1. A machine or CPU cycle consists of retrieving, decoding, and executing an instruction, then returning the result to RAM, if necessary. (p. 170)

2. Temporary memory that holds instructions and information for the CPU is called random access memory (RAM). (p. 165)

3. The system bus consist of electrical pathways that moves information between basic components of the motherboard, including between RAM and the CPU. (p. 170)

4. When there’s not enough room in RAM for all the necessary instructions, the CPU uses hard disk space, called virtual memory. (p. 174)

5. The sliver of quartz within the CPU that beats at regular intervals in response to an electrical charge is a CPU clock. (p. 171)

6.4 MAKING CONNECTIONS
	INSTRUCTOR EXCELLENCE – PRESENTATION TIP

1. Again, you’ll find it very beneficial to bring connectors and cable into the classroom.

2. Students tend to remember better when they actually handle the component, rather than when they just see pictures.

3. For connectors, seeing Web sites is less efficacious, since it’s hard to judge size and sometimes, even shape, from a picture.


CONNECTORS AND PORTS

Since every peripheral device has to send information to or receive information from the motherboard, each must be connected to the motherboard. This is accomplished either by sending electrical pulses along wires or by sending waves through the air. 

The principle types of connectors (plugs) for wires to connect devices have corresponding ports (sockets). These are:

· USB connectors and ports, which are a modern way of connecting devices. Devices using the USB system are plug and play and hot swap. 

· Firewire connectors and ports, which are also a relatively recent invention. These are also plug and play and hot swap.

· Serial connectors and ports, which are older types. One commonly used type of serial connector is the PS/2 connector on a keyboard or mouse cable. USB is a more modern type of serial.

· Parallel connectors and ports, which are nowadays used almost exclusively for printers. Some notebook computers do not even have a parallel port. 

Page 175, Figure 6.15, shows the back of a desktop computer with the ports showing, and surrounding the system unit are the various types of connectors and ports. 

On page 176, Figure 6.16 shows a table with the various types of connectors and ports and their uses.

The second way of sending information to and from the motherboard is wirelessly, where the information moves in the form of waves through the air. This information is sent and captured by wireless ports. A port is actually a doorway for information. The two types used for devices (as opposed to a wireless network) are:

· IrDA, also known as IR or infrared, which uses red light below what the human eye can detect.

· Bluetooth, which is good for transmission up to 30 feet or so.

See Figure 6.17 for an example of a mouse that uses radio waves to transmit and receive information. The one shown is not Bluetooth, although Bluetooth also uses radio waves, but of a different frequency.

	INSTRUCTOR EXCELLENCE – BREAK OUT

1. It’s entirely possible that many of your students have access to or frequently use wireless computer devices.

2. Ask them to share their experiences with the other students.

3. Encourage them to discuss difficulties in reception and the security issue.


Key Terms:

· USB (universal serial bus) connector – allows you to connect how-swappable, plug-and-play devices to your computer. (p. 176)

· Plug and play – the feature that allows your operating system to find and install the appropriate device driver without your having to go through a manual installation. (p. 176)

· Hot swap – an operating system feature that allows you – while your computer is running – to unplug a device and plug in a new one without first shutting down your computer. (p. 176)

· USB port – where you connect a USB device to your computer, and you can even connect multiple USB devices (up to 127) using a single USB port on your computer. (p. 176)

· Firewire (IEEE 1394 or I-Link) connector – although different from USB, also allows you to connect hot-swap, plug-and-play devices to your computer. (p. 177)

· Firewire port – where you connect a Firewire device, and you can connect up to 63 devices using a single port. (p. 177)

· Serial connector – plugs into a serial port, usually has 9 holes but may have 25, which fit the corresponding number of pins in the port. (p. 177)

· Serial port – where you connect a serial connector to your computer. (p. 177)

· PS/2 connector – has pins that fit into a small round port (a PS/2 port) in your computer and is used for keyboards and pointing devices like mice. (p. 177)

· PS/2 port – where you plug a PS/2 connector into your computer. (p. 177)

· Parallel connector – plugs into a parallel port, has 25 pins, which fit into the holds that are in the port. (p. 177)

· Parallel port – where you plug a parallel connector into your computer. (p. 177)

· IrDA (infrared data association), also known as IR or infrared port – uses infrared light to send and receive information. (p. 178)

· Bluetooth – a standard for transmitting information in the form of short-range radio waves over distances of up to 30 feet, and is used for purposes such as wirelessly connecting a cell phone to a computer. (p. 177)

· Key logger hardware – hardware device that captures keystrokes on their journey from the keyboard to the motherboard. (p. 177)

	INSTRUCTOR EXCELLENCE – SIMNET

1. The SimNet Concepts Support CD contains a tutorial called “Ports and Cables.”

2. It introduces your students the various types of ports and connectors in a computer.


	INSTRUCTOR EXCELLENCE – I-SERIES INSIGHTS

1. This topic – the bugging of a computer - tends to interest students.

2. Hardware devices are available, called hardware key loggers, that record keystrokes.

3. Such a device can be inserted into the PS/2 port on the computer (with the keyboard cable plugged into the device) so that every key stroke is intercepted.

4. Later, the key logging device can be retrieved and connected to another computer so that the recorded keystrokes can be examined.


	INSTRUCTOR EXCELLENCE – BREAK OUT

1. To emphasize the usefulness of standardized connectors and ports, ask the students how many types of outlets they have at home. They’ll most likely mention the electrical wall outlets.

2. Those outlets are standardized – they’re either 2 or 3-prong sockets - enabling you to plug in a hair dryer or other appliance in any room of the house.

3. Some appliances have special types of plugs, like large refrigerators, dryers, phones, etc.

4. Ask students how this affects their lives, i.e. what would they to do to put a clothes dryer in the bedroom? How would it affect them if kitchen appliances had their own unique types of plugs and outlets?

5. If you have students who have lived outside the United States, ask them about the types of plugs they used and if they can bring a hair dryer with them from country to country and plug it into an electrical outlet without an adapter or transformer.


EXPANSION CARDS AND SLOTS FOR DESKTOP COMPUTERS

Having connectors on the end of the wire coming from the device and a port on the back (or front) of the computer to plug it into gets the information to and from the computer door, so to speak. From there it flows to and from the motherboard. 

The ports may be directly on the motherboard or they may be on separate expansion boards that are seated in expansion slots on the motherboard. Either way, the computer must have interface hardware, which is hardware that is dedicated to a specific device. For example, a video card is for the monitor and a printer card works with the printer. Figure 6.18 on page 197 shows a video card that has a TV tuner, which you might want to use instead of the integrated version that came with the computer.

Stress to your students that, on modern motherboards, this interface hardware is built into the motherboard, so that it’s there, even if they can’t pick it out.

From the interface hardware, information travels to and from RAM on the expansion bus. The expansion bus is actually a collection of buses for peripheral hardware. For example, there’s the PCI bus that carries information to and from the PCI slots that you would use to install a new printer or network card. There’s also an AGP slot, complete with an AGP bus, for video cards. The type shown in Figure 6.18 would go into the AGP slot.

Key Terms:

· Interface hardware – the hardware that connects external devices to the motherboard. (p. 179)

· PCI (peripheral component interconnect) slot – a type of expansion slot which you’d use to plug in video cards, sound cards, or network cards. (p. 179)

· AGP slot – an expansion slot reserved exclusively for an AGP video card. (p. 179)

· Bus (data bus) – carries information in the form of bits around the motherboard in your computer. (p. 179)

· PCI bus – is part of the expansion bus, and ends in the PCI slots. (p. 180)

· AGP bus – is part of the expansion bus, and ends in the AGP slot. (p. 180)

	INSTRUCTOR EXCELLENCE – SIMNET

1. The SimNet Concepts Support CD contains a tutorial called “Expansion Cards and Slots.”

2. It will help your students learn the material in this section. 


	INSTRUCTOR EXCELLENCE – TO THE WEB

1. Hardware key loggers are available from many sites on the Web.

2. Software key loggers are also available and can be sent by e-mail to the unsuspecting recipient. 

3. One of the better known types is Spector Pro.

4. Take your students to the Web at www.spectorsoft.com to see what the program does.

5. Many other sites also sell key logger software and hardware. Some like Spy Arsenal advertise specializing in family surveillance, presumably of children.


MAKING THE GRADE

1. USB and Firewire connectors allow you to connect hot-swappable, plug and play devices to your computer. (p. 177)

2. A port that transmits and receives information in the form of red light and works like your TV remote control is called an IrDA (IR or infrared) port. (p. 178)

3. The PCI bus is part of the expansion bus and connects to the PCI slots. (p. 180)

4. The highway system on the motherboard that moves information coming from and going to devices outside the motherboard is called the expansion bus. (p. 165)

5. The port that is used almost exclusively for printers is a parallel port. (p. 177)

6.5 NOTEBOOK COMPUTERS

	INSTRUCTOR EXCELLENCE – PRESENTATION TIP

1. Stress to your students that a notebook computer has special requirements.

2. It must not only do what a desktop does, but must do it with as little power consumption as possible.

3. Also, you don’t open up a notebook to swap expansion cards. This too is different.


NOTEBOOK CPUs AND RAM

Mobile CPUs are made especially for notebook computers. They use less power and even turn themselves off when not directly in use.

Their RAM modules are also smaller and on page 181, in Figure 6.20, you can point out a photograph of one. Compare that to the one on page 173, Figure 6.13, which shows a RAM module for a desktop computer.

Key Terms:

· Mobile CPU - a special type of CPU for a notebook computer that changes speed, and therefore power consumption, in response to fluctuations in demand. (p. 181)

EXPANSION CARDS AND SLOTS FOR NOTEBOOK COMPUTERS

You use PC Cards to add peripherals to a notebook computer. See Figure 6.21 on page 181 for an example of a PC Card that adds Firewire and USB ports to a notebook computer.  Stress to your students that the only internal parts of a notebook computer that are reasonably accessible are the hard disk and RAM. These you can swap out by sliding open the appropriate cover.

Key Terms:

· PC Card – an updated version of the traditional PCMCIA card, is an expansion card you use to add devices to your notebook computer. (p. 181)

· PC Card slots – the openings, one on top of the other, on the side or front of a notebook, where you connect external devices with PC Cards. (p. 181)

	INSTRUCTOR EXCELLENCE – INTEGRATION

1. This would be a good place to show your students how to find out what sort of CPU and RAM a computer system has.

2. One way is to position the cursor over the My Computer icon. Then right-click and choose Properties. Under the General tab, you’ll see the type of CPU, RAM, and operating system.


MAKING THE GRADE

1. A mobile CPU is a special type of CPU for a notebook computer. (p. 181)

2. A PC Card is an expansion card that you use to add devices to your notebook computer. (p. 181)

3. A PC Card slot is found in a notebook computer. (p. 181)

4. A notebook hard disk drive is usually physically smaller than one for a desktop computer. (p. 181)

5. AMD’s PowerNow! and Intel’s SpeedStep are technologies to lower the power that a mobile CPU uses. (p. 181)

6.6 CONSUMER Q&A

1. Why Does My USB Device Not Work Right in My USB Port?

USB devices are either USB 1.1 or USB 2.0. The USB 2.0 type is faster. A USB 2.0 port will run a USB 1.1 device and vice versa. However, to get the full effect of the speed of a USB 2.0 device it must be in a USB 2.0 port.
2. How Long Can I Expect My Notebook Battery to Last?

Usually not as long as advertised since that length of time assumes perfect conditions. Newer notebook computers have mobile CPUs that conserve power by running slower when the CPU is not being used.

3. How Do I Connect Multiple Devices to a USB or Firewire Port?

For a USB port, you’ll need a USB hub into which you can plug multiple devices. You can even plug another hub into the first hub, as long as the total number of devices running off the computer’s USB port doesn’t exceed 127.

Firewire devices work a little differently; these you must daisy chain together. That’s why Firewire devices have two ports – one for the wire connecting the device to the previous one and the other one for connecting that device to the next one.

	INSTRUCTOR EXCELLENCE – I-CAN

1. Many students come to school with notebook computers. Many of them and many first-time buyers will get a notebook during their college careers.

2. As with any computer device, it’s necessary to be able to set priorities for what features you value the most.

3. Do you want light weight or do you want a big screen with lots of extra features? Usually, these two are not compatible.

4. Every feature that’s not built-in must be added with a PC Card and generally there are only two slots (one if a “fat” PC Card, like some hard disk drive PC Cards, is required).

5. Extra PC Cards require extra bits and pieces that must be carried around and plugged in when needed. 


LEVEL ONE: REVIEW OF TERMINOLOGY

Multiple Choice

1. The pathway for information to travel from an external device to the motherboard is 

a. formed by connecting the cable from the device to the port.

b. the expansion bus.

c. system bus.

d. internal bus.

e. none of the above.

ANSWER: a – the cable forms the pathway for information to get from the device to the “motherboard entrance” which is the port. Buses carry information around the motherboard itself. (p. 165)

2. The CPU 

a. executes system software instructions.

b. executes application software instructions.

c. is not necessary for wireless devices.

d. is both a and b.

e. is both b and c.

ANSWER: d – the CPU executes all instructions, which come in two types: application and system instructions. (p. 62)

3. Unicode is

a. a group of 8 bits.

b. a group of 16 bits.

c. the coding system for ASCII characters.

d. a 16-bit coding system. 

e. none of the above.

ANSWER: d – Unicode is a coding system that’s an alternative to ASCII, and can accommodate 65,000+ characters instead of the 256 that ASCII is capable of. (p. 167)

4. The system bus is

a. the pathway that moves information between peripheral devices and the CPU.

b. the pathway that moves information between the CPU and RAM.

c. the pathway between a connector and port.

d. all of the above. 

e. none of the above.

ANSWER: b – a bus, or data bus, carries information between computer components. The system bus is the one for information moving between basic components on the motherboard. (p. 170)

5. Hard disk space that the CPU uses as RAM when there’s not enough RAM is called

a. virtual memory.

b. flash memory.

c. random access memory.

d. electronic memory.

e. none of the above.

ANSWER: a – RAM is where system and application instructions must be so that the CPU can access them and, in the event that RAM is not big enough, hard disk space is used to complement RAM. (p. 174)

6. IrDA and Bluetooth are

a. types of connectors.

b. types of data buses.

c. wireless technologies.

d. types of memory.

e. none of the above.

ANSWER: c – IrDA uses infrared light and Bluetooth uses radio waves to send information between devices – both systems eliminate the need for cabling. (p. 178)

7. Plug and play 

a. is the same as hot swap.

b. is a type of operating system.

c. means you can connect a device to your computer and the operating system will find it without further intervention from you.

d. means you can disconnect a device from your computer and connect another without turning off the computer.

e. is none of the above.

ANSWER: c – it’s a feature of newer operating systems and eliminates the need for you to manually install drivers for new devices, allowing the almost effortless connection of external flash memory drives and such. (p. 176)

8. A parallel connector and port are

a. plug and play and hot swap capable.

b. used for mice and trackballs.

c. used mostly for printers.

d. both a and b.

e. both a and c.

ANSWER: c – parallel ports and connectors, while faster than serial, are useful only for relatively short distances. (p. 177)

9. Notebook computers 

a. have the exact same components as desktop computers.

b. use PC Cards to add external devices.

c. won’t allow you to swap hard disk drives.

d. won’t allow you to add RAM.

e. have none of the above characteristics.

ANSWER: b – notebooks can’s be opened up to insert expansion cards, so PC Cards connect peripheral devices externally. (p. 181)

10. Firewire is 

a. a type of cache.

b. a type of CPU.

c. a type of connector.

d. a type of RAM.

e. none of the above.

ANSWER: c – it’s one of the two types of hot swappable, plug-and-play system, the other being USB (p. 177)

True/False

11. ____ Computers use only two digits to represent all information stored in and used by computer components.

ANSWER: True – I and 0 are the bits in the binary system that computers use. (p. 167)

12. ____ ASCII is a coding system that most personal computer systems use.

ANSWER: True – pretty much all small computers and even many larger ones use ASCII. (p. 168)

13. ____ The CPU and RAM are the two components that have the biggest impact on the speed of your computer.

ANSWER: True – other factors, such as bus speed, the size of cache and so on affect computer speed, but the CPU and RAM have the greatest impact. (p. 171)

14. ____ PowerNow! is a technology that is used to speed up desktop CPUs.

ANSWER: False – it’s the technology used by AMD to speed up notebook computer CPUs. (p. 181)

15. ____ CPU cache is the memory that the CPU uses when there’s not enough RAM.

ANSWER: False – Cache is high-speed memory that the CPU uses to speed up the loading of instructions into the CPU. Virtual memory is the substitute RAM (p. 170)

LEVEL TWO: REVIEW OF CONCEPTS

1. Working with Nibbles

a. Figure out how many distinct patterns there would be:

	Nibble Size
	Number of Patterns

	2
	4

	3
	8

	4
	16

	5
	32


b. List all patterns for each size nibble.

	Patterns of 1’s and 0’s for a nibble of 2 bits

	00

	01

	10

	11


(The patterns for nibble size of 3 are shown in the text as part of the assignment definition.)

	Patterns of 1’s and 0’s for a nibble of 4 bits

	0000

	0001

	0010

	0011

	0100

	0101

	0110

	0111

	1000

	1001

	1010

	1011

	1100

	1101

	1110

	1111


	Patterns of 1’s and 0’s for a nibble of 5 bits

	00000

	00001

	00010

	00011

	00100

	00101

	00110

	00111

	01000

	01001

	01010

	01011

	01100

	01101

	01110

	01111

	10000

	10001

	10010

	10011

	10100

	10101

	10110

	10111

	11000

	11001

	11010

	11011

	11100

	11101

	11110

	11111


2. Comparing CPUs to the Human Brain

	Human Body Feature
	Computer Component

	Nervous system
	Data buses

	Short-term memory
	RAM

	Long-term memory
	Storage

	Senses of sight of hearing
	Digital camera, microphone

	Voice 
	Speakers

	Hand signals
	Binary code

	Food intake
	Electrical power


2. Can You Identify Ports and Components?

On the motherboard photo, label the appropriate ports for the list of devices.
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b. Match the motherboard components below to the numbered items in the motherboard photo.

	Component
	Number(s) in Picture
	Number of Instances

	CPU
	2
	1

	RAM slot
	1
	2

	USB port
	4 and 5
	4

	PCI slot
	7
	6

	PS/2 port
	3
	2

	Audio port
	6
	3


LEVEL THREE: HANDS-ON PROJECTS

E-COMMERCE

1. Buying RAM

This is an assignment for more advanced students. For complete beginners, searching for RAM types may not be as helpful as searching for something more familiar.

Your students’ answers will vary depending on what where they look and when they look. Capacity and availability vary over time.
a. Is it available for desktop computers? This depends on the type selected.

b. Is it available for notebook computers? Usually, higher capacity RAM is more readily available for desktop computers than for notebooks.
c. What is the price of the RAM module? Prices will vary with capacity, type, and time. 

d. What does the site tell you about the speed of the RAM? Not all sites list the speed of RAM, however, sites selling DDR and Rambus tend to since extra speed is the justification for higher prices.

2. Buying Devices with the Right Connectors

Answers will vary according to when and where your students look. 

External devices will tend to be USB or Firewire connectors.  Most internal hard disks, CD and DVD players are usually IDE. 

3. Buying Music

Buying music is one of those things that’s quickly associated with shopping or performing e-commerce on the Web.

If many of your students are new to the Web, this is a great project.  If you have a “seasoned” group of students, this project might almost be boring.

Price and availability differences among Web sites and local stores will vary greatly.  Sometimes the Web sites will be cheaper and other times the local stores will be cheaper.  It’s usually a matter of what’s “on sale.”

ETHICS, SECURITY & PRIVACY

1. Business Computers Classify You as Profitable – or Not

This project is a good one to get class discussions going.  Depending on class size, you could make it a general discussion, or you could divide the class into groups and, after some time to consider the issues, ask each group what the group’s opinion is.

a. Do you think that the segmentation practices described above are fair? The opinions here will depend on the students’ feelings about privacy and how much they think is reasonable.

b.  Do you think you should get better treatment if you’re a better customer? Again, opinions will vary. If you have a variety of ages among your students, you will probably notice a division of opinion according to age. 

c. How do you feel about being pigeonholed by computer software? The opinions here will, once more, depend on how students feel. Some points you might keep in mind are that:

· The underlying assumptions are not just important, they are crucial. All results and predictions flow from the assumptions that are made initially. 

· A neural network chooses certain criteria as being the most influential in deciding what group a particular person or example belongs in. So the neural network depends on getting the correct inputs (the characteristics or assumptions) to find the most influential characteristics. 

d.  Would it help if you knew what the criteria were and how the determination was made? The company using a neural network is not likely to be able to explain how it works, and perhaps the company that sold the neural network can’t either. So, the buyer/user will be in some difficulty if asked to defend a particular decision in court. For example, if someone claimed discrimination after being turned down for a loan or a credit card. 

e.  Is it reasonable to predict future behavior of customers based on their previous actions? Some points to consider are that people are often creatures of habit, and past behavior is often a good predictor of future behavior. However, this generalization is a long way from absolute. In fact, there are also generalizations about how people change. For example, the adage that says “if you’re not a liberal at 20 you have no heart, but if you’re still a liberal at 40 you have no brains.” The implication here is that people become more conservative with age. Again, the truth is that  some do and some don’t. Given these contradicting doctrines (that people don’t change and that people do change) all predictions, even those that sophisticated computer software makes, must be treated with extreme caution. Predictions of human behavior can only reasonably be made within very narrow contexts and with very careful control of variables. This is a good topic for getting a discussion started. 
f.   Is this the same as redlining, or is it okay because it categorizes individuals by actual behavior rather than by assuming characteristics because of membership in a particular group? Opinions will vary on the legitimacy of this practice. Many of your students may feel that considering an individual’s characteristics is more fair than assuming them from membership in a particular group. This method at least analyzes each customer individually. However, in the long run it may not make much real difference. Either way, the company is still predicting future behavior based on past behavior, which may or may not be a valid basis for prediction. 

ON THE WEB

1. Compare Computer Systems

Below is a sample of what’s available at the time of writing.

	Gateway
	Type and Speed of CPU
	Type and Speed and RAM
	Cache
	System Bus Speed
	Hard Disk capacity and rpm
	Number and Types of ports 
	Total Cost

	Desktop Computer
	

	300S
	Celeron 2.2Ghz
	256MB DDR SDRAM
	128K
	n/a
	40Gig

5400rpm
	6, USB ports
	$599 
	

	Media Center XL
	Pentium 4 2.533Ghz
	512MB DDR SDRAM
	512K
	533Mhz
	80Gig

7200rpm
	3 PCI, 6 USB
	$4,149 
	

	Notebook Computer
	

	400SP Plus
	Celeron 1.8Ghz
	256MB DDR SDRAM
	256K
	n/a
	30Gig
	2 USB and Parallel
	$999 
	

	600XL
	Pentium 4 2.4 Ghz
	512MB DDR SDRAM
	n/a
	n/a
	60Gig
	2 USB and Parallel, serial
	$2,499 
	

	Tablet PC
	

	Gateway Tablet PC
	Pentium 3 866Mhz
	256MB SDRAM
	n/a
	n/a
	40Gig 
	2 USB 
	$2,249 
	

	Tablet PC Deluxe
	Pentium 3 866Mhz
	256MB SDRAM
	n/a
	n/a
	40Gig 
	2 USB 
	$2,549 
	


2. Find three video cards at each of these sites and answer the following questions.
Your students’ answers will vary depending on what video cards they chose and where they found them. Below is a sample answer for one site.

a. Who is the manufacturer of the video card? Radeon at Best Buy

b. What sort of expansion slot does the video card go into? AGP slot

c. How much and what type of memory does the card have? 64MB - DDR

d. Does it support more than one monitor? If so how many? Yes

e. Is the video card plug and play? Information was not available
2. Find out about Wireless Devices

Your students’ answers may vary depending on what devices they choose and where they find them. A few possible answers are as follows:

a. What is the device you chose? Microsoft Wireless Intellimouse Explorer

b. What type of wireless device is it? (Bluetooth, IrDA, or RF)? Bluetooth

c. How much does it cost? At Best Buy $84.99

d. What wireless devices would you like to have and why? The answers to this are left to the imagination of your students. 

GROUP ACTIVITIES

1. How Fast Is a Gigahertz?

There may be minor inconsistencies in answers due to rounding. 

	CPU or

Machine Cycle
	One eye blink 

per second
	Ten eye blinks

per second

	1.8 GHz
	57 years
	5.7 years

	2.4 Ghz
	76 years
	7.6 years

	3.0 GHz
	95 years
	9.5 years

	10 GHz
	317 years
	31.7 years

	15 GHz
	476 years
	47.6 years


2. Visualize the Magnitude of Memory

	Area
	Amount of Memory

	500 sq. ft. apartment
	7,200,00 bytes  or 7.2 kilobytes

	3,000 sq. ft. house
	432,000, 000 bytes or 432 kilobytes

	Football field
	8,289,216 bytes or 8.3 megabytes

	An acre
	6,272,640 bytes or 6.3 megabytes


3. Play CPU Cycle

The objective of this exercise is to help students understand the CPU cycle, and, more importantly, how precise computer operations are. Stress that a computer does exactly what you tell it – no more and no less. 

4. What Type of Connectors Come on What Devices?

Following are some typical answers.

	Device
	Connector types

	External hard disk drive
	USB or Firewire, perhaps also PC Card

	DVD burner
	Internal: IDE; External: USB or Firewire

	CD burner
	Internal: IDE; External: USB or Firewire

	Inkjet printer
	Probably at least parallel and USB

	Laser printer
	Probably at least parallel and USB

	Digital camera
	USB A and mini-B

	Scanner
	USB or Firewire

	Mouse
	PS/2 or USB or serial

	Gamepad
	USB
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