The System Unit: What's inside the grey tower and why?

1. Representing Information. 

(a) A Bit: the unit of information in a computer. 

· Computers "process" electric currents (electrical events). 

· The current is either "on" (=1) or "off" (=0) in a particular circuit at a particular time. 

· This gives rise to the binary system for storing information. 

· Each transistor in a computer's memory can hold one bit of information (either a 0 or a 1). 


(b) Basic Measures for Information Capacity 

· The information capacity of a storage device is measured in multiples of bits. 

· Bit: 0 or 1. 

· Byte: 8 bits. Can store 2^8 = 256 numbers. 

· Kilobyte: Kilo (thousand) + byte: 2^10 bytes = 1,024 bytes. 

· Megabyte: Mega (million) + byte: 2^20 bytes = roughly a million bytes. 

· Gigabyte: Giga (billion) + byte: 2^30 bytes = roughly a billion bytes. 

· Terabyte: Tera (trillion) + byte: 2^40 bytes = roughly a trillion bytes. 

· Petabyte: Peta (quadrillion) + byte: 2^50 bytes = roughly a quadrillion bytes = 1,000,000,000,000,000 bytes. 


(c) Information 

· Information as we think of it is data with meaning: text, pictures, sounds. 

· Information as the computer knows it is bit strings: strings of bits (e.g. "10011101010"). 

· Information as we know it is encoded in a computer using bit strings. 

· An encoding is an agreed-upon standard that dictates the specifics of how the information is represented using 0s and 1s. 

· Example: ASCII is a widely-used text encoding standard. Under this encoding, each letter & digit & punctuation mark is assigned an 8-bit code which represents it. (How many possible such codes are there?) Example codes in table below. 

	Letter 
	Corresponding Bit String 
	Number 
	Corresponding Bit String 
	Punctuation Mark 
	Corresponding Bit String 

	A 
	10000001 
	0 
	01100000 
	! 
	01000001 

	B 
	10000010 
	1 
	01100001 
	" 
	01000010 

	C 
	10000011 
	2 
	01000010 
	# 
	01000011 


· What bit string does the text "A111" correspond to? 

· Newer (more comprehensive) standard for text encoding: UNICODE. 

2. Inside the Case 

(a) The Motherboard 

· Removable components mean your system is upgradeable 

· Empty expansion slots mean your system is expandable 
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· The most fundamental component on the motherboard is the CPU (the processor). This is the "brain" of the computer. 

· Computer "chips" (semiconductors) are cut from silicon dies. Chips are the building blocks of computer functionality. 

· Chips are packed with very small transistors. The circuitry within the chip is printed on a silicon wafer using photolithography. 

· Moore's Law states that the number of transistors that can be packed onto a chip doubles every 18 months while the price stays the same. The following table illustrates this trend. 

	Year 
	Number of Transistors on chip 

	1961 
	4 (previously: vacuum tubes were used!) 

	1971 
	2,300 

	1979 
	30,000 

	1997 
	7.5 x 10^6 

	2000 
	10^9 


· 
Will this progress ever come to an end? 

3. 
(b) Memory, Buses and Cards 

· Memory located in the system unit: RAM (in RAM slots on motherboard), disk drives (connect to motherboard via thick grey cables = the system bus). 

· Expansion slots for various cards: video cards, sound cards, network cards, etc. 

4. The Computer Processor (CPU) 

(a) Processor Types 

· Intel (and Clones) 

· 90% share of processor market. 

· Windows oriented (OS = Hardware-Software interface) 

· AMD, Cyrix, DEC manufacture compatible CPUs. 

· Examples: Intel Pentium 4, AMD Athlon K6 Thunderbird 

· Motorola 

· Apple Macintosh 

· Example: Motorola 68000 family of processors 

· More recent: PowerPC (joint Motorola/IBM venture) 


(b) Processor Speeds 

· Every processor has a system clock (a pulsing quartz crystal). 

· The clock's speed (in cycles per second = Hz) determines how fast the microprocessor can process data and execute program instructions. 

· MHz = "mega-hertz" = million cycles/sec (e.g. 100 MHz, 700 MHz) 

· GHz = billions of cycles/sec (latest generation of AMD and Intel processors) 


(c) Inside the Microprocessor 
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· 4 basic operations in every machine cycle: (1) FETCH an instruction from memory, (2) DECODE the instruction (circuitry inside CTL), (3) EXECUTE the instruction (circuitry inside ALU), and (4) STORE the result back to the memory. 

· CTL: The Control Unit 

· carries out each instruction by directing the other components 

· processor cycle (clock's perspective) = machine cycle (CTL perspective) 

· ALU: The Arithmetic-Logic Unit 

· performs basic arithmetic & logic operations that the architecture (i.e. this particular type of processor) supports. 

· arithmetic operations: plus, minus, multiplication, division 

· logical operations: comparisions such as =, <, >, <=, >= 

· word size: size (in bits) of the operands to the ALU. e.g: Intel 486 has a 16-bit word size, Pentium has a 32-bit word size. 

· Registers 

· very high-speed (fastest) memory that can keep up with the processor 

· temporary (volatile) storage 

· usually 16-64 registers (each usually the word size of the computer) 

· Buses 

· shuttle data back and forth between processor and other components (e.g. memory) 

· bandwidth: number of bits that can simultaneously travel on bus (usually the same as the word size of the computer) 

· most architectures today have a PCI bus: bandwidth = 32 bits (or more rarely 64 bits) 

· old Intel architectures had a 16-bit bus (Windows 3.1 versus Windows 95) 

· other types of buses: ISA (old), SCSI (pronounced "scuzzy" -- better engineering, more expandable, but hefty pricetag). 

5. The Memory Hierarchy 

The Principle of Locality of Reference: a.k.a. the "90/10 rule". This principle states that 90% of computing takes place using only 10% of the available instructions and data for any given application. We take advantage of this principle by having redundant copies of the data in memory at different levels of a memory hierarchy (figure below). The idea is that during computation, frequently used data and instructions will float higher up in the memory hierarchy, and thus be more readily (quickly) available to the processor for use. 
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(a) Registers 

· fastest memory, closest to processor 

· hold current instruction and current data elements 

· usually 16-64 in today's architectures 


(b) Caches 

· L1 cache: "on-chip", larger than register pool (8-256 KB), very fast 

· L2 cache: "external" cache, referenced in computer ads, SRAM: fastest RAM type, capacity range: 64KB - 2MB 

· Larger caches are only better up to a certain point because caches must keep up with the processor 

· some architectures have further cache levels 


(c) Main Memory 

· working (primary) storage 

· where the program instructions and data resides during computation 

· computation speed depends more than anything else today on how much RAM the system has (and how fast it is) 

· buy as much as you can affort & make sure system is expandable 

· Two types: DRAM (Dynamic RAM) and SDRAM (Synchronous Dynamic RAM): SDRAM is faster (and more expensive) 

· Speed of RAM often expressed in MHz 

· sizes: 64-256 MB 

· SIMM cards (Single Inline Memory Module) versus DIMM (double) 


(d) Secondary Storage 

· "unlimited" memory in the form of disks (removable, non-removable) 

· two technologies: magnetic and optical 

· much slower than RAM + higher levels of the memory hierarchy 

· Magnetic Storage: 

· "hard" disks: e.g. "C:" drive. In a hard disk, the read/write head is internal to the disk, within the disk drive assembly itself. 

· A disk is composed of platters suspended on a spindle. Each platter has several tracks that store information. These tracks are divided into sectors and blocks for addressing. The read/write heads of a hard disk float on an air cushion, 10^-6 inches above the platters. 
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· The capacity of a disk depends on how many platters and tracks it has, and how many bits are stored on the tracks. 

· Danger with hard drives = head crash. Occurs when the disk is jostled (or has a flaw, or a foreign material inside) and one of the read/write heads hits the platter beneath. 

· Optical Storage: 

· data read/written using laser beams to "pit" a surface. 

· classifications: ROM = Read Only Memory (D-ROM, DVD-ROM, CD-ROM); R = write once (CD-R, DVD-R); RW = write/erase/re-write (CD-RW, DVD-RW) 

· drive speed in terms of "X": greater is faster (e.g. 24X, 30X) 

· Flash Memory: 

· New memory type 

· variation on RAM: non-volatile 

· limited usage lifetime (e.g. 100,000 rewrites) 

· interoperable (e.g. between digital camera and PC) 

B. I/O Hardware

1. Input Devices 

(a) Keyboards 

· 104-105 keys (desktop) versus 65 keys (laptops) 

· size, ergonomics important considerations 

· specialty keyboards: telephone keypad, touch-screen keypad 


(b) Pointing Devices 

· mouse, trackball, pointing stick, touchpad (desktop/laptops) 

· touch screens, pens: PDA stylus, light pen, digitizing tablet 


(c) Source data-entry devices 

· scanners: imaging systems, bar-code readers, character recognition devices, fax machines 

· audio input: audio board or MIDI board 

· video input: digital cameras 

· voice recognition 

· sensors 

· radio-frequency id devices (e.g. highway tollbooths) 

· human biology input devices: biometric security devices, line-of-sight systems 

2. Output Devices 

(a) "Softcopy" devices (= monitors) 

· Size: measured diagonally in inches: viewable image size may be smaller unless stated 

· Clarity: each image is made up of pixels (picture elements): tiny dots that have a position and color on the screen. 

· dot pitch: distance between pixels: closer = finer detail 

· resolution: a measure of image sharpness; pixels per square inch (e.g. 800x600). Standards: VGA (old), SVGA (standard for desktops), XVGA (scientific workstations) 

· refresh rate: how many times per second the pixels are recharged (higher refresh rate = more solid image) 

· Type: 

· CRT: cathode-ray tube; same technology as TVs. Expensive and slow-moving technology, worth an investment. 

· Flat-panel: newer technology; thinner, lighter, less power consumption; expensive, technology not yet mature; active vs. passive matrix 


(b) "Hardcopy" devices (= printers) 

· Impact printers: (like typewriters): dot-matrix, daisy wheel; least expensive, draft quality 

· Non-impact printers: fling (or burn) tiny droplets of ink or toner onto paper; laser printers ($$), ink-jet printers ($), thermal printers ($$$); color vs. black-and-white; main cost is toner (or ink) 

