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Chapter 1
Introducing Hardware
	At a Glance
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Overview

Chapter 1 introduces hardware components of a computer system and briefly explains how they work. The chapter explains the hardware-software dichotomy and the role of binary code. The four basic services hardware provides for software are described namely input, output, processing, and storage. Additionally, software is described as a set of instructions to perform a task. Binary code, the language of the machine, is discussed noting that before software instructions can be carried out by a computer, the instructions must be converted into binary code. After introducing basic computer concepts, the devices corresponding to the four basic hardware functions are explained.
Chapter Objectives

After reading this chapter and completing the exercises, the student will learn:
· That a computer requires both hardware and software to work

· About the many different hardware components inside of and connected to a computer
Teaching Tips

Hardware Needs Software to Work

1. Introduce and define the terms hardware and software, and provide examples of each.
2. Discuss how a computing task is performed noting that software uses hardware for input, processing, storage, and output.
3. Use Figure 1-1 to illustrate computer activity consisting of input, processing, output, and storage.
4. Describe why hardware components require an electrical system.
5. Use Figure 1-2 to illustrate and explain communication between a computer user and a computer.
6. Note that all communication between the software and computer can be decomposed to the binary values of yes and no, equivalent to the computer states of on and off.

7. Compare computer hardware electronics based on binary values with computer hardware electronics based on decimal (ten) values. 

8. Define and describe the binary number system.

9. Define the terms bit, byte, and nibble.
10. Discuss how the computer performs all counting, calculation, and storage operations using the binary number system.
11. Explain how the American Standard Code for Information Interchange (ASCII ) code is used in the context of storing information.
12. Use Figure 1-3 to illustrate how letters and numbers are stored in a computer.
	Teaching 

Tip
	More information regarding the history of ASCII may be found at http://wps.com/projects/codes/index.html 



PC Hardware Components

1. Point out that most input/output (I/O) devices are external to the case, while most processing and storage devices are internal.

2. Define the central processor unit (CPU), also called the processor or microprocessor.
3. Describe the role of the CPU.
4. Specify and describe the three elements required for all input, output, and storage devices to operate.
a. A method for CPU to communicate with the device.
b. Software to instruct and control the device.
c. Electricity to power the device.
Hardware Used for Input and Output

1. Explain how most input/output devices communicate.
2. Define the term port.
3. Use Figure 1-4 to illustrate the various ports found on the back of a computer case.

4. Describe the two primary input devices: keyboard and mouse.
a. Use Figure 1-5 to illustrate a keyboard and a mouse.

5. Describe the two primary output devices: monitor and printer.

a. Define the term hard copy.

b. Use Figure 1-6 to illustrate a monitor and printer.
6. Use Figure 1-7 to illustrate video and printer connectors.

	Teaching 

Tip
	More information regarding DVI and digital video connectors may be found at http://www.cablestogo.com/resources/dvi.asp 



Hardware Inside the Computer Case

1. Use Figure 1-8 to illustrate components internal to a computer case. Provide a brief description of each component.

a. Define and explain an adapter card.
b. Point out that all circuit boards consist of microchips, most often manufactured with (CMOS) complementary metal-oxide semiconductor technology.

c. Discuss the two types of cables inside a computer case: data cables and power cables.

The Motherboard

1. Define and describe the term motherboard, also known as main board or system board.

2. Emphasize that the motherboard contains a socket to hold the CPU.

3. Point out that all devices must communicate, directly or indirectly, with the CPU on the motherboard.
4. Describe a peripheral device.

5. Explain why some ports on the motherboard stick outside the case.

6. Use Figure 1-9 to illustrate and describe the common components found on the motherboard.
7. Use Figure 1-10 to illustrate ports coming directly off a motherboard to the outside of the case.
	Teaching 

Tip
	Refer students to the following site for more information on how motherboards work: http://computer.howstuffworks.com/motherboard1.htm



Quick Quiz 1

1. The term ____________________ refers to the computer’s physical components, such as the monitor, keyboard, memory chips, and hard drive.
Answer: hardware

2. True or False: A byte consists of four bits.
Answer: False

3. A(n) ____________________ produces output often called hard copy.
Answer: printer

4. The most important circuit board in the computer is the ____________________, also called the main board or system board.
Answer: motherboard
5. A(n) ____________________ port is also called an IEEE 1394 port.

a. USB

b. FireWire

c. Parallel

d. S/PDIF

The Processor and the Chipset 

1. Use Figure 1-11 to illustrate where the processor resides on the motherboard.

2. Define and describe the chipset.

3. Describe how the chipset supports the CPU.
4. Mention that this text focuses on the most common personal computers (PCs) built around microprocessors and chipsets manufactured by Intel and AMD.

	Teaching 

Tip

	Refer students to the following sites for more information on Intel and AMD processors: http://www.intel.com and http://www.amd.com 



Storage Devices

1. Remind students that Figure 1-1 illustrates two types of storage: temporary and permanent.

2. Define and describe primary storage (memory) and secondary storage.
3. Note that the CPU uses primary storage to hold data and instructions while they are being processed.

4. Note that primary memory is faster and more expensive than secondary storage. 

5. Use Figure 1-12 to illustrate an analogy of the relationship between primary and secondary storage.

Primary Storage

1. Introduce and discuss primary storage.
a. Define the term random access memory (RAM).
b. Point out that RAM chips are located on the motherboard and on some adapter cards.
c. Use Figure 1-13 to illustrate RAM chips that are embedded on a small board that plugs into the motherboard.

d. Discuss the most common type of RAM (memory modules) known as a dual inline memory module (DIMM).
e. Point out that a video card may contain its own memory chip.

f. Explain why information stored in RAM is lost when the computer is turned off.

g. Discuss the difference between volatile and non-volatile memory.
Secondary Storage
1. Introduce and discuss secondary storage.
a. Remind students that RAM storage is stored on the motherboard and holds data temporarily.
b. Point out that data and instructions may be permanently stored in secondary storage.

c. Emphasize that before a CPU can use the data stored in a permanent storage device, the data must first be copied into primary storage (RAM) for processing.
d. Discuss the most important difference between primary and secondary storage.

e. Note that secondary storage devices are often grouped into three categories: hard drives, optical drives, and removable storage.

Hard Drives

1. Use Figure 1-15 to introduce and describe a hard drive.

a. Describe the concept of a magnetic hard drive.

b. Use Figure 1-16 to illustrate and describe the solid state drive (SSD), a newer technology for hard drives.

c. Point out that the AT Attachment (ATA) standard specifies the interface between a hard drive and a motherboard.

d. Describe the two ATA standards: parallel ATA (PATA) and serial ATA (SATA).

e. Use Figure 1-17 to illustrate a hard drive subsystem using the SATA data cable.

f. Note that PATA is also referred to as Enhanced IDE or EIDE.

g. Use Figure 1-18 to illustrate Parallel ATA (Enhanced IDE or EIDE) with only two connectors on a motherboard for two data cables.

h. Explain that the acronym IDE is used in a variety of contexts.
i. Use Figure 1-19 to illustrate IDE devices connected to a motherboard using both IDE connections and two cables.
j. Use Figure 1-20 to illustrate the inside of computer case with three PATA devices.

k. Use Figure 1-21 to illustrate how a hard drive receives power.

Optical Drives
1. Introduce and discuss optical drives.

a. Describe three popular choices for optical drives.

b. Discuss what is meant when an optical drive has RW included in its name.

c. Use Figure 1-22 to illustrate a CD drive.

USB Flash Drives And Memory Cards
1. Introduce and describe USB flash drives and memory cards.

a. Point out that both types of devices use nonvolatile flash memory chips.

b. Use Figure 1-23 to illustrate and describe a flash drive.

c. Use Figure 1-24 to illustrate and describe a memory card.

Floppy Disk Drives
1. Introduce and describe floppy disk drives.

a. Use Figure 1-25 to illustrate a motherboard with a connection for a floppy drive cable.

b. Use Figure 1-26 to illustrate how one floppy drive connection on a motherboard can support one or two floppy drives.
	Teaching 

Tip


	Refer students to the following site for more information on solid-state hard drive technology:  http://sdd.toshiba.com



Quick Quiz 2

1. The ____________________ is a group of microchips on the motherboard that control the flow of data and instructions to and from the processor, providing careful timing of activities.

Answer: chipset

2. True or False: The processor uses permanent storage, sometimes called secondary storage, to hold both data and instructions while it is processing them.
Answer: False

3. True or False: Memory provided by random access memory chips is volatile.

Answer: True

4. Using the parallel ATA standard, a motherboard can accommodate up to ____________________ IDE devices in one system.

Answer: four, 4 


5. True or False: The parallel ATA standard is faster than the SATA standard.

Answer: False
Motherboard Components Used For Communication Among Devices 

1. Use Figure 1-27 to illustrate the fine lines known as traces, on both the top and the bottom of a motherboard surface.

2. Define and describe the terms bus, protocol, and data bus.

3. Using Figure 1-28, explain how the data bus uses voltage values of on and off to transmit the binary values of one and zero.

4. Mention common bus widths (16, 32, 64, 128, and 256 bits).
5. Describe data path size.

a. Emphasize that a motherboard can have more than one bus.
b. Explain that the main bus on the motherboard may be referred to by several names: system bus, front side bus (FSB), memory bus, host bus, local bus, or external bus.
6. Describe the vital role played by the system clock in regulating the devices installed or connected to the motherboard.

a. Use Figure 1-29 to illustrate how the system clock works.

b. Point out that clock speeds are measured in hertz (Hz), megahertz (MHz), and gigahertz (GHz). One Hz is equivalent to one cycle per second.

7. Discuss the difference in speed between the CPUs internal bus and the motherboard bus.

8. Describe how an expansion slot communicates with the CPU by way of its own bus.

a. Note the buses associated with expansion slots: PCI Express bus, PCI bus, and an AGP bus.

b. Use Figures 1-30 and 1-31 to illustrate and describe expansion slots.
Expansion Cards

1. Use Figure 1-32 to introduce and describe expansion cards.

2. Use Figure 1-33 to illustrate and describe a motherboard and the expansion cards installed inside a computer case.
3. Use Figure 1-34 to illustrate the ports on expansions cards provided at the rear of the case.
4. Point out that the best way to identify a card type is by examining ports at the back of the computer.
The Electrical System

1. Emphasize that the power supply is the most important electrical component in the computer. 
2. Use Figure 1-35 to illustrate the normal location of a power supply.

3. Point out that the actual source of power is derived from an external source, such as a wall outlet. 
4. Review the main functions of the power supply: converting voltage from AC to DC, reducing the amount of voltage, and running a fan to cool the case.

5. Use Figure 1-36 to illustrate that the motherboard has one primary connection to receive power from the power supply.

Instructions Stored on the Motherboard and Other Boards

1. Introduce and describe the role of the BIOS (basic input/output system).

2. Discuss how to distinguish between hardware and software.

3. Define the term firmware.

4. Use Figure 1-37 to illustrate an embedded firmware chip on a motherboard that contains the ROM BIOS programs.

5. Discuss the three functions of the ROM BIOS: system BIOS, startup BIOS, and CMOS setup.

6. Emphasize that BIOS data and instructions are stored on ROM chips. CMOS RAM contains motherboard settings, such as the current time and date and port configurations. CMOS RAM is powered by a small battery.

7. Discuss how motherboard manufacturers publish updates for the ROM BIOS on their motherboards.
8. Note that flash ROM may be overwritten. 

	Teaching 

Tip
	Refer students to the following site for more information on BIOS:  http://computer.howstuffworks.com/bios1.htm 



Quick Quiz 3

1. The system of pathways used for communication and the protocol and methods used for transmission are collectively called the ____________________.

Answer: bus

2. The width of a data bus is called the data ____________________ size. 

Answer: path

3. True or False: A motherboard can have several buses.
Answer: TRUE
4. True or False: The most important component of the computer’s electrical system is the power supply.

Answer: True

5. The BIOS that is used to change some settings on the motherboard is called ____________________ setup. 

Answer: CMOS 

Class Discussion Topics

1. What is the difference between the CPU and the chipset? Are both components essential in the operation of a computer? Explain. 

2. How would computing be limited without the nonvolatile storage provided by devices such as hard disks and CD-ROMs? 

3. What role does the system clock play in regulating the activities of devices attached to the motherboard?

Additional Projects

1. Identify the first microprocessor. What key technology made the microprocessor possible? What roles did the microprocessor play in the development of the PC (personal computer)? Summarize your results in one to two paragraphs.

2. Research the term memory hierarchy. Determine where RAM and disk storage reside in the hierarchical scheme. Identify memory types that occupy positions higher and lower than both RAM and disk storage. How are the factors of access time, size, and cost used to create the memory hierarchy? Your explanation should be one to two paragraphs.       

Additional Resources

1. Computers and the binary number system:
http://www.howstuffworks.com/bytes.htm
2. Information about microprocessors (CPUs):
http://www.pcguide.com/ref/cpu/
3. Information about RAM:

http://en.wikipedia.org/wiki/Random_access_memory 

4. Information about secondary (mass) storage:
http://www.webopedia.com/TERM/m/mass_storage.html
5. A computer bus resource:

http://www.computerhope.com/help/bus.htm
Key Terms
· adapter card: A card used by the CPU to communicate with devices inside and outside the case.
· binary number system: The number system used by computers; it has only two numbers, 0 and 1, called binary digits, or bits. 

· BIOS (basic input/output system): Firmware that can control much of a computer’s input/output functions, such as communication with the floppy drive and the monitor. Also called ROM BIOS.
· BIOS setup bit: Used to change some settings on the motherboard.
· bit(binary digit): A 0 or 1 used by the binary number system.

· bus: The paths, or lines, on the motherboard on which data, instructions, and electrical power move from component to component. 

· byte: A collection of eight bits that can represent a single character.

· cards: Adapter boards or interface cards placed into expansion slots to expand the functions of a computer, allowing it to communicate with external devices such as monitors or speakers. 

· central processing unit (CPU): Also called a microprocessor or processor. The heart and brain of the computer, which receives data input, processes information, and executes instructions. 

· chipset: A group of chips on the motherboard that controls the timing and flow of data and instructions to and from the CPU.

· clock speed: The speed, or frequency, expressed in MHz, that controls activity on the motherboard and is generated by a crystal or oscillator located somewhere on the motherboard.

· CMOS (complementary metaloxide semiconductor): The technology used to manufacture microchips. CMOS chips require less electricity; hold data longer after the electricity is turned off, are slower, and produce less heat than earlier technologies. The configuration, or setup, chip is a CMOS chip.

· CMOS RAM:  region of memory that uses battery power to retain data after the PC is shut off.

· CMOS setup: A chip on the motherboard that contains a very small amount of memory, or RAM enough to hold configuration, or setup, information about the computer The chip is powered by a battery when the PC is turned off. Also called CMOS configuration chip or CMOS RAM chip.

· data bus: The lines on the system bus that the CPU uses to send and receive data.

· data path size: The number of lines on a bus that can hold data, for example, 8, 16, 32, and 64 lines, which can accommodate 8, 16, 32, and 64 bits at a time.

· DIMM (dual inline memory module): A miniature circuit board installed on a motherboard to hold memory. DIMMs can hold up to 2 GB of RAM on a single module.

· expansion cards: A circuit board inserted into a slot on the motherboard to enhance the capability of the computer.

· expansion slots: A narrow slot on the motherboard where an expansion card can be inserted. Expansion slots connect to a bus on the motherboard.

· firmware: Software that is permanently stored in a chip. The BIOS on a motherboard is an example of firmware.

· flash ROM: ROM that can be reprogrammed or changed without replacing chips.

· floppy disk drive (FDD): See Floppy drive.

· floppy drive: An older secondary storage device sometimes found inside the case.
· front side bus (FSB): Another term for the system bus. 

· gigahertz (GHz): One thousand MHz, or one billion cycles per second.

· graphics card:  See video card.
· hard copy: Output from a printer to paper. 

· hard disk drive:  See hard drive.
· hard drive: The main secondary storage device of a PC, a small case that contains magnetic coated platters that rotate at high speed.

· hardware: The physical components that constitute the computer system, such as the monitor, the keyboard, the motherboard, and the printer.

· hertz (Hz): Unit of measurement for frequency, calculated in terms of vibrations, or cycles per second. For example, for 16-bit stereo sound, a frequency of 44,000 Hz is used.

· host bus: another term for the system bus.

· keyboard: A common input device through which data and instructions may be typed into computer memory.

· magnetic hard drive: See hard drive.
· main board: another term for motherboard. 

· megahertz (MHz): One million Hz, or one million cycles per second.

· memory: Physical microchips that can hold data and programming, located on the motherboard or expansion cards.

· microprocessor: another term for the CPU.

· monitor: The most commonly used output device for displaying text and graphics on a computer.

· motherboard: The main board in the computer, also called the system board. The CPU, ROM chips, SIMMs, DIMMs, RIMMs, and interface cards are plugged into the motherboard.

· mouse: A pointing and input device that allows the user to move a cursor around a screen and select items with the click of a button.

· non-volatile: memory: Refers to a kind of RAM that is stable and can hold data as long as electricity is powering the memory.

· Parallel ATA (PATA):  The older and slower ATA standard.
· parallel port: female 25-pin port on a computer that can transmit data in parallel, 8 bits at a time, and is usually used with a printer. The names for parallel ports are LPT1 and LPT2.

· peripheral device: Devices that communicate with the CPU but are not located directly on the motherboard, such as the monitor, floppy drive, printer, and mouse.

· port: (1) As applied to services running on a computer, a number assigned to a process on a computer so that the process can be found by TCP/IP. Also called a port address or port number. (2) Another name for an I/O address. See also I/O address. (3) A physical connector, usually at the back of a computer, that allows a cable from a peripheral device, such as a printer, mouse, or modem, to be attached.

· power supply: A box inside the computer case that supplies power to the motherboard and other installed devices. Power supplies provide 3.3, 5, and 12 volts DC.

· primary storage: Temporary storage on the motherboard used by the CPU to process data and instructions. Memory is considered primary storage.

· printer: A peripheral output device that produces printed output to paper. Different types include dot matrix, ink-jet, and laser printers.

· processor: another term for the CPU. 

· program: A set of step-by-step instructions to a computer. Some are burned directly into chips, while others are stored as program files. Programs are written in languages such as BASIC and C++.

· protocol: A set of rules and standards that two entities use for communication.

· RAM (random access memory): Memory modules on the motherboard containing microchips used to temporarily hold data and programs while the CPU processes both. Information in RAM is lost when the PC is turned off.

· ROM (read-only memory): Chips that contain programming code and cannot be erased.

· S/PDIF (Sony-Philips Digital Interface) sound port: connects S/PDIF sound card to the motherboard. 
· secondary storage: Storage that is remote to the CPU and permanently holds data, even when the PC is turned off, such as a hard drive.
· serial ATA (SATA):  The newer and faster ATA technology.
· serial port: A male 9-pin or 25-pin port on a computer system used by slower I/O devices such as a mouse or modem. Data travels serially, one bit at a time, through the port. Serial ports are sometimes configured as COM1, COM2, COM3, or COM4.

· software: Computer programs, or instructions to perform  a specific task. Software may be BIOS, OSs, or applications software such as a word-processing or spreadsheet program.

· solid state drive (SSD):
· startup BIOS: Part of system BIOS that is responsible for controlling the PC when it is first turned on. Startup BIOS gives control over to the OS once it is loaded.

· system BIOS: BIOS located on the motherboard.

· system board: Another term for the motherboard. 

· system bus: The bus between the CPU and memory on the motherboard. The bus frequency in documentation is called the system speed, such as 400 MHz. Also called the memory bus, front-side bus, local bus, or host bus.

· system clock: A line on a bus that is dedicated to timing the activities of components connected to it. The system clock provides a continuous pulse that other devices use to time themselves.

· trace: A wire on a circuit board that connects two components or devices.

· USB (universal serial bus) port: A type of port designed to make installation and configuration of I/O devices easy, providing room for as many as 127 devices daisy-chained together.

· video card: An interface card installed in the computer to control visual output on a monitor. Also called display adapter.

· video memory:  Memory chips embedded on a video card.
· volatile: Refers to a kind of RAM that is temporary, cannot hold data very long, and must be frequently refreshed.
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