Technology in Focus

Swilches
*  Syslemn unil is the box that conlains the central electronic components of the compuler
* A compuler sysiem can be viewed as an enormous collection of onfolT swilches
Electrical swilches
*  Computers work exclusively with numbers, nol words
*  Everything a compuler does, such a processing dala or printing a reporl, 15 broken down into
series of Os and 1s
0  Binary lanpuage
*  Electrical swilches are inside the compuler and can be Mipped between these two states: | and 0
*  On/oll button on DVD
0 On is pushed in
0 OIT is popped oul
Vacuum Tubes

*  Earliest generation of electronic compulers used devices called vacuum lubes
* Act as compuler swilches by blocking the Mow of elecincal current
*  Takes up a lot of space
*  Fimsl high speed digital compuler
0 ENIAC
*  Produce a lol of heal and burn oul (requently
*  Two major revolutions for smaller and [aster compulers were

0 Iavenbwon of ransistor

0 Fabrication of inlegrated circuils

Transistors
*  Are elecirical swilches buill oul of sermiconductor either by conducting electncily or acl as an
insulalor

0 Silicon 15 the sermconducior malerial used o make ransisiors
0 Meed specilic chemicals 1o lurn on and il nol then il wrns ofT, acting like a swilch
*  Early transistors were separate unils of metal rods
0 Smaller. produce little heat, quick swilching and less expensive
Integrated Circuils
*  Are tny regions of sermiconductor material such as silicon
*  Most inteprated circuils are no more than a quarler inch in soee
*  Integrated circuils have enabled microprocessors, which are chips thal contain a CPU
0 Marked the beginning of the true minialurization of compulers
" More than 2300 transisiors
The Binary Number System
* A number system 15 an organieed plan for representing a number
*  Base 10 number system, also known as decimal nolation, uses 10 digits (0-9)
GOS4=6%( 10001+ 9% 100)+5%( 10)-+4%( 1)=6F 1074+9% 107+5% 10" +4* 10°
0 Final number | is represented as 10°
*  The binary number system is also relermed 1o as the base 2 number syslem
0 Can still represent all the values thal a base 10 number system can
*  The binary number system describes a number as the sum of powers of 2
0 Codes lor numbers, leliers and instructions



Representing Inlegers
*  Inthe base 10 number system, a whole number 15 represented as the sum powers of 10
*  Binary system works by describing a valoe as the sum ol groups of 15, 25, 45 Bs, ele.
0 Powers ol 2:1.2.4.8 elc
*  Number 67
0 Base 10: 6% 10"+7*10"
0 Binary (base 2): 2°=64. you have 3 lefl over so 32, 16,8, and 4 will be Os because they
cannol contribute. You can have | group of 2 and | growp of one
N (L
*  Doing this on Windows calculalor rom the programmer selection 15 much easier because il
comverts il [rom decimal o binary automatically
*  Hexadeamal nolation is used 1o make expression of long numbers easier
0 Base 16 number syslem
" 09 plus letters
= A=I0, B=I1l, elc

Representing characters: ASCII
*  Tiis converts letlers and other symbols thal we understand 1o a binary stale that the compuler can
undersiand

*  Older mamnframes used EBCDIC while woday's personal computers use ASCII
0 ASCII represents each letler or character as an 8 bil binary code
*  Remember thal a binary digit is a bil and 8 bils 15 a byle
0 Each gingle alphabetical or special character is 1 byle (Bbils)
" Tolal of 8§ (s and 15
*  Upper and lowercase letlers have dilferent codes
Representing characters: Unicode
*  ASCII coude can only assign 256 (2%) dilferent codes
*  ASCII coddes cannod represent all languages and symbols, because some languapes requires more
than 256 characiers and lellers
0 Umicode was created o solve this
" Uses 16 bits and can code 1,115,000 different codes
" First 128 are identical o ASCII
" Anticipated to replace ASCII
Representing decimal numbers
*  Institule of elecirical and electronics engineering (IEE) established a standand called the Moating
poinl slandard thal describes how numbers with ractional parts should be represented
0 32-bal syslem
" TS
*  First tells you neg. or posilive
*  NMexl bil is for magnilude of number (hundreds, lens, elc)
*  [Last 23 s are o store the number value

Interpretation
*  Decimal numbers are stored by IEEE standards while alphabet and symbols are stored by
Umcode or ASCII
*  Cerlain instructions Lell the CPLU o expect a negative number next or o inlerprel the lollowing bil
pallern as a characler

0  CPUALWALYS knows which interpretation o use [or a sernes ol bils
The CPU machine cycle



*  Also called processing cycle
0 Feich lrom RAM
0 Decode into CPU language
0  Execule the actual work
0 Store in one of the registers buill in CPU
The system clock
* Itis the internal clock thal 15 a special crystal thal acts like a metronome o keep the steady beal
0 Steady beal or ticks are called clock cycle which set the pace
" The pace known as clock speed 15 measured in GHa
Controd unit
*  Manages the swilches of CPU
*  Designed o remember the sequence of processing stages and how each swilch should be
posilioned with each beal of the system clock
Stage 1: The letch stage
*  RAM is direct and last way o access instructions and program information
Cache memory
*  Fasier than RAM
*  Avoids the CPU Mmom needing 1o letch instructions (rom RAM every lime
*  Before going 1o RAM the CPU will look in
0 Lewvel | cache memaory
" Block of memory that 15 buill onto the CPU chip 1o store data and commands that
have jusl been used
0 Lewvel 2 cache memory
" Farther [rom CPU than level |
" Has more slorage
0 Lewvel 3 cache memaory
" Can hold an entire program
*  Can’l upprade cache
*  More cache the beller performance speed of your compuler
Stage 2: The decode stape
*  Collection of commands a specilic CPU can execule 15 called instruction sel
0 Each CPU has its own unigue instruction sel
*  Because humans are the ones who wrile the imitial instruclions, il is wrillen in an easier language
called assembly language
0  ADD flor addition, DIV lor divide, elc
0 Translated into long strings of binary code called machine language
" Control unil uses this to sel up the hardware in the CPU for the rest of the
operalions
Stage 3: The execule slapge
*  Arithmetic logic unil (ALL) does CPU mathematical operations and logical operalions such as
ANDOR and NOT
*  Fed dala from the CPUs registers
*  The number of bils a computer can work with al a time is referred 1o as word size
0 6d-bal vs 32-hil
Stage 4: The stlore stapgpe
*  Results from ALL is stored back in the registers and the sequence beging agan
Making CPUs even lasier



