08 Computer Applications
M1: Computer Systems (1)




M1: Computer Systems (1)

Hardware

Softcopy of handouts can be found at http://www.clsmss.edu.hk/~whlau/08CA/
Hardware components
1. There are different types of computers, e.g. personal computer (PC)/desktop computer, notebook computer/laptop computer, and handheld computer/personal digital assistant. (PDA)

2. A computer system consists of both hardware and software.  Common hardware includes

a) Central processing unit (CPU): The microprocessor, with control unit (CU) and arithmetic and logic unit (ALU)
b) Main memory: Random Access Memory (RAM) and Read-only Memory (ROM)
c) Input devices: inputting data into computer
d) Output devices: producing output to the user
e) Secondary storage devices: for permanent storage
f) Communication devices: for communication with other computers
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System Unit
3. System unit is the main body of a computer system, which is a metal box containing the motherboard, other devices, and the power supply.

4. The main circuit board in the system unit is called the motherboard, on which there are chips or integrated circuits (IC), expansion slots, connection sockets and ports, and circuitry connecting different parts.

5. At the back of the system unit, extended from motherboard, there are various ports for connection.  E.g. PS/2 for keyboard and mouse, Parallel port for printer (old style), Serial port for modem, USB for various devices (web cam, printer, scanner, digital camera, speaker, keyboard, mouse, etc), iLink/IEEE1394/FireWire for DV camera.

CPU

6. The most important part on the motherboard is the CPU (Central Processing Unit), which consists of two major components:
a) Control Unit (CU):  It controls the overall operation of the computer.  It fetches instruction from the main memory, interprets and then executes it.  It sends control signals to instruct other components, e.g. ALU, to execute the instruction.

b) Arithmetic and Logic Unit (ALU):  It performs arithmetic, such as addition and subtraction, and logic operations, such as integer comparison.

7. The speed of a CPU is called clock speed or clock rate, which has a unit of hertz (Hz).  The clock speed is the number of machine cycles in one second, e.g. 3GHz = 3,000,000,000 cycles/second.  One instruction may take several or even more than ten machine cycles to execute.  In general, a CPU with higher clock speed can execute more instructions in one second, and hence is “faster”.

Memory
8. There are two types of memory in a computer system: RAM (Random Access Memory) and ROM (Read Only Memory).  Their differences are listed below:
	RAM
	ROM

	content can be modified
	read-only (content is static/permanent)

	volatile (stored data are erased after power off) 
	non-volatile

	hold runtime instructions and data
	store important data or programs (such as the program for boot up: BIOS)

	larger in capacity

(256MB – 2GB)
	smaller in capacity

(64kB – 2MB)


9. RAM, in the form a rectangular circuit boards with chips on it, can be plugged into the memory slot on the motherboard.  Typical types of RAM are, SDRAM, DDR, and DDR2, with different data transfer rate.

10. A typical example of ROM on motherboard is the BIOS, Basic Input/Output System.  It contains codes and data to check the hardware and load the operating system during the boot-up process.  Another example is firmware, which is a program to control the basic operations of a device, such as the rotation of motor in CD-RW drive.

11. In fact, there exist some ROM of which the content can be changed:

a) Programmable read only memory (PROM): The memory can be written once, with special programmer (or burner).  Once written, the content cannot be changed.

b) Erasable PROM (EPROM): It is similar to PROM, but the memory can be erased by special equipment (e.g. by ultra-violet), and thus can be written more than once.

c) Electrically EPROM (EEPROM): It is similar to EPROM, and the content in memory can be erased or changed under higher voltage.

In fact BIOS and firmware are example of EEPROM, so that they can be updated by “flashing” the content by certain software.

12. The basic unit for data storage is byte, which consists of 8 bits.  Larger storage units are:

a) Kilobyte (kB):  1 kB = 1024 bytes.

b) Megabyte (MB):  1 MB = 1024 kB.

c) Gigabyte (GB):  1 GB = 1024 MB.

d) Terabyte (TB):  1TB = 1024 GB
Why 1024?  It is 210, a power of two and also an approximation of 1000.

However, 1024 is used instead of 1000 only when describing storage size.

13. Cache memory in CPU is some high-speed memory, working between the CPU and the main memory (RAM), acting as a data buffer and temporary working space for processing of CPU.  Cache memory enables pre-fetching of data and stores frequently accessed data, and hence its existence increases the performance of a CPU.  There may be multiples level of cache memory, and higher levels cache memory are generally slower but larger.
Analogy: Hard disk as file cabinet; memory as working desk; cache memory as pieces of paper taken out from a file.

14. Accessing data in memory involves the use of address, which is number representing a location in the memory space.  When given an address, data can be read from or written to a specific location.  This access mode is called direct access, in contrast to sequential access.

Analogy: “Direct access VS sequential access” AS “Audio CD VS Cassette Tape”.

15. The size of memory is limited by the number of bits used in address.  For example, 32-bit addressing provides 232 addresses, and hence the maximum size of addressable memory is 232 bytes.

Peripheral Devices
16. Peripheral devices are the components other than the motherboard, CPU and main memory.

17. Common input devices are:

a) Keyboard lets the user input letter, digits, symbols.  There is also keyboard with keypad only.

b) Pointing devices, such as mouse, touch pad, joystick, touch screen, etc, facilitate the operation of a graphical user interface (GUI) environment, e.g. Windows.  Graphic tablet also serves the purpose of handwriting input as well as drawing in graphic software.

c) Scanning devices include image scanner, barcode scanner, optical mark recognition (OMR) reader (for marks on paper like M.C. answer sheet), etc.
d) Microphone for Voice or sound input.
e) Digital camera, web cam, and digital video camcorder enable image and/or video input.

f) Authentication device, including magnetic card reader, smart card reader, fingerprint scanner, verifies the identity of a user before allowing the access to a computer system.
g) Data loggers used in experiment collect data by sensors.
18. Optical Character Recognition (OCR) is a technology of translating the text in an image to be editable digital format.  For example, after scanning a page from a book, OCR software can recognize the text in the scanned image and change it to be a document for editing.
19. Common output devices are:

a) Display devices, e.g. monitor (CRT vs. LCD), projector.

b) Printers: Dot-matrix printer (impact printer), inkjet printer, laser printer, thermal printer, and plotter (with pen to draw fine lines on large piece of paper).

c) Sound/audio output devices, e.g. speaker, microphone.

20. Secondary storage is needed when programs or data are to be stored for future use.  The storage media can be categorized into:

a) Magnetic media: floppy disk, hard disk, magnetic tape, ZIP disk, etc. Data can be affected by magnetic field!
b) Optical media: CD-R, DVD-R, MO (hybrid media of magnetic and optical technology), etc.

c) Hardware: flash memory card, USB drive, using semi-conducting technology.
Their features are listed below:
	Storage
	Description
	Capacity

	Floppy disk
	· Small diskette.

· Cheap but can be damaged easily, not reliable.
	1.44MB

	Hard disk
	· A large secondary storage device.

· Mostly installed within the system unit.

· There are external or removable hard disks.
	80GB - 300GB

	Magnetic Tape
	· Sequential read/write only.

· Inexpensive but slow.

· Mainly used for backup purpose.
	~24GB with compression

	ZIP Disk
	· A kind of large capacity magnetic disks.

· Not very common
	100MB, 250MB

	CD-ROM
	· Using compact disc for storage.

· READ-ONLY!!
· Note: Audio CD stores audio instead of “data”.
	650MB

	CD-R
CD-RW
	· CD-Recordable / -ReWritable

· It requires specially designed drive for recording, but normal CD-ROM drive can read it.

· Data recorded on CD-R CANNOT be erased or overwritten.  However, unused area can still store data.
· Data on CD-RW can be erased
· Cheap (~$0.3-3 per disc).
	650MB, 700MB

	DVD-ROM
	· Originally designed for storing high quality video.

· READ-ONLY!!
	4.7GB, 9.4GB, 8.5GB, 17GB

	DVD-R
DVD-RW
	· DVD-Recordable / -ReWritable

· (Other formats: DVD-RW, DVD+R, DVD-RAM)

· It requires specially designed drive for recording, but normal DVD-ROM drive can read it.
· Data recorded on DVD-R CANNOT be erased or overwritten.  However, unused area can still store data.
· Data on DVD-RW can be erased.
· Drives and disks are more expensive.
	4.7GB, 9.4GB, 8.5GB, 17GB

	MO
	· Magneto-Optical (optical and magnetic technology)

· Expensive and uncommon storage media.

· Can be read from and written to.
	650MB, 1.3GB

	USB Drive
	· Using chip to store data.

· Plug and play for latest OS; device driver needed for older OS.

· Comparatively expensive.
	128MB – 4GB

	Memory cards
	· Using chip to store data.

· Specially design card reader is required
· Used in digital camera, PDA, etc.
· Expensive.

· Common types are: Compact Flash (CF), Smart Media (SM), MultiMedia Card (MMC), Memory Stick (MS), Secure Digital (SD)
	64MB – 4GB



21. Communication devices:
a) Modem: a device that enables a computer to 
transmit data over telephone lines.  The 
transfer rate depends on the quality of the line.
(Modulation: digital to analog; Demodulation: 
analog to digital)

b) Network interface card (NIC) enables a computer to transmit data over a computer network (e.g. Ethernet). 
22. Device driver:  Most devices, whether peripheral or not, require a program called a device driver that enable the operating system (OS) to operate the device properly.  It acts as a translator, converting general commands into specific instructions that the device understands.  If there is no device driver installed, the device may not operate at all.  Some device drivers are already bundled with the OS and thus no installation is needed.
23. Plug and play (PnP) refers to the ability that the computer can detect and identify a device, and load the corresponding device driver automatically.  If the device driver is already installed, the device can function
Performance Factors
24. The factors affecting the performance of a computer includes:

a) The clock speed of CPU:  Upgradeable by replacing the CPU with a faster one.

b) The size of memory:  Upgradeable by adding more RAM, provided that the motherboard can support more RAM (either limited by the number of slots or the function of BIOS).

c) The bus width:  CANNOT be upgraded as it depends mainly on the architecture of CPU.

d) The rotational speed and/or the data transfer rate of hard disk: Upgradeable by replacing the hard disk with a “faster” one.

25. Bus is a group of wires transferring a piece of information together.  For example, a group of 32 wires can transfer 32 bits of data at one time, and it is called a 32-bit bus.  Bus width refers to the number of bits of a bus.  There are various types of bus:

a) System bus: transferring data between the CPU and memory.

b) Peripheral bus: transferring data between memory and other devices.

Each bus is composed of two parts: address bus, transferring the address of a piece of data, and data bus, transferring the actual data.

26. Main memory (RAM) stores runtime instructions and data and thus its size limits the number of processes that the computer can execute and the same time.  Virtual memory is a mechanism to provide more usable memory space for the computer to operate, by utilizing hard disk space to expand the “apparent” size of memory.  The process of storing less frequently used data into the virtual memory is called swapping.

27. Since hard disk is slower than RAM in terms of data transfer rate, the performance of the computer deteriorates when the use of virtual memory become heavier.

In Windows XP, the file storing the data of virtual memory is named “pagefile.sys”.  It is also called “swap file” in other operating systems.
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